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Abstract The low solid concentrations in solutions are discovered and measured
based on measurement the attenuation that occurs with a wave propagating through
a fluid. Currently methods (Pitch-Catch, Pulse-echo and Immersion method) have
some of weak points related with range of detection and power consumption,
therefore, to increase the measuring range to include the detection of very low
concentrations in solution as well as not relying on the material that the container is
made of, a new technique for the pulser was designed to overcome the disadvan-
tages of the three currently methods. This technique has been thoroughly applied to
dispensing with the use of a container or reflector with a high reflection coefficient
and Expanding the measuring range to include very low concentrations. The new
technique demonstrates the system’s ability to distinguish the presence of particles
in a fluid at a concentration lower than 10 %, which is below the limit of detection
of the current method with the same device settings.

1 Introduction

To study the characteristics of fluids many researchers use common methods to
measure the attenuation that occurs with a wave propagating through a fluid.

Frequently used containers or reflectors with a high reflection coefficient (H.R.
C.), where the benefit of this material lies in strengthening the reflected signal to the
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transducer or to generate multi echoes. Figure 1 show some of these methods which
are currently used in the study of the characteristics of fluids or detecting small solid
concentrations suspended in the fluid. Greenwood et al. used a container made of
stainless steel to detect small concentrations of solids in a liquid using a pitch-catch
method. The reason for using stainless steel is that it generates several feedback
signals (echoes) resulting from transmitting a single pulse, as shown in Fig. 1a
using a stainless steel container successfully to measure a concentration of less than
5 % silica (hereinafter referred to as method A) [3].

Secomski et al. developed a clinical method for noninvasive acoustic determi-
nation of hematocrit values in vivo. The value of hematocrit was determined ini-
tially in vitro from the pulse-echo measurements of acoustic attenuation. The
attenuation was determined from the amplitude of echoes reflected from 3 mm
diameter stainless steel affixed inside a wall opposite a transducer as shown in
Fig. 1b. Using this method, we can increase the sensing of the reflected signal from
the reflector which is used here to study the increase in liquid characteristics
(hereinafter referred to as method B) [9]. In another method called the immersion
method, it was used to immerse the transmitter and receiver in the liquid. This
method does not require the use of a container with a high reflection coefficient,
because of the direct measurement of the received signal from the transmitter as
shown in Fig. 1c (hereinafter referred to as method C) [2, 10].

To sum up the aforementioned methods, the three methods have advantages and
disadvantages. However, method A was useful in the accurate detection of small
concentrations and also consumed little power; however, these features are satisfied
based on using a container made of a high reflection coefficient (H.R.C.) material.
MethodsB, andCboth used the same average transmitted power to detect very specific
concentrations (as revealed concentrations depend on the power of the transmitted
pulse); in addition method C depends on what the reflector material is made of.

In order to increase the measuring range to include the detection of very low
concentrations in solution as well as not relying on the material that the container is
made of, a new method was designed to overcome the disadvantages of the three
abovementioned methods and continues to give accuracy and a wide measurement
range. This new method, named Pulse Power Decay (PPD) technique (Exponential
power pulser), has been thoroughly applied to the following:

Fig. 1 Experimental method of fluid characteristics measurements and solid concentration content
in liquid detection using a pitch-catch method, b pulse-echo method, and c immersion method

272 M.S. Salim et al.



T
ab

le
1

C
om

pa
ri
so
n
be
tw
ee
n
th
re
e
cu
rr
en
tly

co
nc
en
tr
at
io
n
m
ea
su
re
m
en
t
m
et
ho

ds
an
d
pr
op

os
ed

m
et
ho

d
fo
r
tr
an
sm

is
si
on

po
w
er
,
m
at
er
ia
l
of

co
nt
ai
ne
r
is

m
ad
e
of
,
m
ea
su
re
m
en
t
ra
ng

e

M
et
ho

d
ty
pe

T
ra
ns
m
itt
ed

pu
ls
es

Pa
th

(d
is
ta
nc
e

tr
av
el
le
d)

T
ra
ns
m
itt
ed

po
w
er

M
at
er
ia
l
of

re
fl
ec
to
r

M
ea
su
re
m
en
ts

ra
ng

e
PP

D
av
er
ag
e
po

w
er

co
m
pa
ri
so
n

M
ea
su
re
m
en
ts
ra
ng

e
de
pe
nd

s
on

A
Si
ng

le
pu

ls
e

M
ul
ti
pa
th

(N
D

+
2W

)
C
on

st
an
t
(P

a)
H
.R
.C
.

W
id
e

Pa
<
P P

P
D

T
ra
ns
m
itt
ed

pu
ls
e
po

w
er

an
d
co
nt
ai
ne
r
ty
pe
.

B
M
ul
ti
pu

ls
e

D
ou

bl
e
pa
th

(2
D
)

C
on

st
an
t
(P

b)
H
.R
.C
.

L
im

ite
d

Pb
>
P P

P
D

T
ra
ns
m
itt
ed

pu
ls
e
po

w
er

an
d
re
fle
ct
or

ty
pe

C
M
ul
ti
pu

ls
e

Si
ng

le
pa
th

(D
)

C
on

st
an
t
(P

c)
N
on

e
L
im

ite
d

Pc
>
P P

P
D

T
ra
ns
m
itt
ed

pu
ls
e
po

w
er

PP
D

M
ul
ti
pu

ls
es

Si
ng

le
pa
th

(N
D

+
2W

)
D
ec
ay

(P
P
D
D
)

N
on

e
W
id
e

P P
P
D

D
ec
ay

po
w
er

pu
ls
es

w
he
re

P a
,
P b
,
P c

an
d
P P

P
D
ar
e
th
e
av
er
ag
e
po

w
er

tr
an
sm

itt
ed

of
m
et
ho

d
A
,
m
et
ho

d
B
,
m
et
ho

d
C
,
an
d
m
et
ho

d
PP

D
re
sp
ec
tiv

el
y

A Wide Range Measurement and Disclosure … 273



• Dispensing with the use of a container or reflector with a high reflection coef-
ficient (treatment method A and B).

• Expanding the measuring range to include very low concentrations (treatment
method B and C).

Table 1 shows a comparison between currently three methods and the proposed
method (PPD). Figure 2 illustrates the principle operations of the three mentioned
methods and the proposed method. This new technique was tested using two
containers made of stainless steel and Plexiglas, both containers filled in water and
5, 10, 20, 30, and 40 % Kaolin. Subsequent sections will give a detailed explanation
of the new technology followed by a practical application.

2 Ultrasonic Pulser Design

The Power-Pulse Decay device (PPD) is a new technique that generates multi-decay
power pulses. As mentioned above, the purpose of transmitting decay power pulses
through a solution is to detect and measure various the concentrations of various
particles.

A block diagram of the proposed ultrasonic pulser system (PPD) is shown in
Fig. 3a. The PPD device consists of six hardware parts, panel control software, an
I/O serial interface, the main controller, a high DC power supply, a pulse generator

Fig. 2 Principles operation of A, B, C, and PPD method
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and a solid-state switch. The transducer is driven by pulses from the decay power
pulse generator, which delivers sets of high-voltage bipolar pulses. The advantage
of using bipolar pulses is that the peak-to-peak pulse voltage can measure twice the
voltage rating of the coaxial cable connecting the pulser and the transducer [11].

In addition, a bipolar pulse has a lower undesirable DC and a low-frequency
component that may increase the leakage current compared to its unipolar coun-
terpart. As a result, the size and cost of the cable can be substantially reduced,
especially when a multi-element transducer array is used. The amplitude of the
pulses in one set is determined by the output voltage of the high DC power supply,
which converts the battery voltage of 12 V to ±20–75 VDC [1].

Fig. 3 A block diagram of the pulse-power decay ultrasonic pulser system (a), types of pulser sets
mode (b)
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The amplitude of the received signal can be improved by increasing the pulse
train amplitude, using a container with a low reflection coefficient and by driving
the transducer at its resonance frequency. The frequency of the set pulses can be
generated either by a programmable oscillator or by an external clock in which both
methods are controlled by the main controller via control panel software. The pulse
frequency, decay power factor, set size, time interval, set mode and start amplitude
are programmed by the main controller with software control implemented by
Visual Basic (Microsoft Inc.) [4].

Five modes of the pulse set are available with the PPD device; in the case of mode
one, the pulse set transmits one pulse with the proper decay amplitude during one time
interval, as shown in Fig. 3b. The schematic of the PPD device is shown in Fig. 3.

For the proposed technique with any experimental setup, the transducer records
only the first individual signal (first echo), which corresponds to travel through the
liquid. The first echo is the signal of interest (IS), and it occurs at the shortest time.
To evaluate the performance of the PPD technique, a laboratory experiment in an
industrial application field was conducted to detect and measure the concentration
of kaolin in water. After verification of the performance of the PPD, this technique
was adopted in our research. To obtain the attenuation measurements as a function
of the frequency, the Fast Fourier transform (FFT) of the signal of the peak of
interest (IS) for each pulse in the set was obtained for water as a reference and for
the slurry [5, 8].

The data were obtained in ten steps, using the appropriate decay factor for the
transmitted pulses and the receiver gains. Overlapping signals of interest (IS) were
used to determine the effect of changing the amplitude of the pulse travelling
through the slurry, and the data were normalised to a pulser voltage of ±75 V.
Additionally, the data were corrected for the receiver gain. The results of the FFT
analysis of the echoes were evaluated for water, and 10 % kaolin, Table 2.

3 Validation of PPD Design

The new PPD technique can be adaptive with wide application fields. In this
research, the objective of the experiments was to evaluate the performance of PPD
technique to gather ultrasound measurements for different percentages of solid
concentrations in liquid. Invasive measurement is the most direct method of

Table 2 One set size 10, FFT
amplitude of IS for tap-water
and 10 % kaolin at 2 MHz

Pulse
no.

Tape-water, FFT
amplitude at 2 MHz

10 % kaolin, FFT
amplitude at 2 MHz

1 3.51 3.262

3 2.089 1.558

5 1.243 0.758

7 0.863 0.505

10 0.425 0.208
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achieving an accurate measurement. Hence, this method was used for all the
experiments carried out for this paper. Using the assumption that 1 ml of tap water
equals 1 g in weight, kaolin was mixed with tap water in concentrations of 10, 20,
30 and 40 % to create the different sets of slurries. These concentrations were
measured by the weight of kaolin and tap water.

The vessel, shown schematically in Fig. 4, consists of a Plexiglas container and
two transducers with a centre frequency of 2 MHz affixed to the outside of the
container on opposite sides, using a pitch-catch method. The vessel walls have a
thickness w of 3.2 mm and the inside walls are separated by a distance D of 4 cm.
The temperature, measured by temperature sensor (LM35), is recorded. For sim-
plicity, the temperatures for all the experiments were kept at room temperature
(20 °C), between ±1 °C [10]. When the vessel is filled with water, less than 10 % of
the ultrasound is reflected at the Plexiglas-water interface and the rest is transmitted
into the water. At the opposite wall, 91 % is reflected at the water-Plexiglas
interface. With the pitch-catch mode operating, the receive transducer records only
the first individual signal, as it corresponds to travelling through the slurry. The
“signal of interest” (IS) occurs at the shortest time and the path length for the Nth IS
(for example the interest received signal of the fifth pulse of set) in the pitch-catch
mode is (2wþ Dþ v� T), where v is the speed of sound through material and T is
the total time delay of Nth pulse; and calculated using (1):

T ¼ ðN � 1ÞðtS þ tÞ ð1Þ

where the ts is the pulse spacing time and t is the bipolar pulse width. To obtain
attenuation measurements as a function of frequency, the fast Fourier transform
(FFT) of the peak of data were corrected for the receiver gain. The results of the FFT
analysis of the “peak of interest” are shown for water, 10 %, and 40 % kaolin, Fig. 5.
The effects of attenuation for water are clearly observed as the peak amplitude shifts
to a smaller frequency as the IS number increases, as shown in Fig. 6.

Fig. 4 Sketch experimental setup
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Fig. 5 FFT amplitude for one transmitted set size 10, propagated through water (as reference
data), and test 10 % kaolin, and 40 % kaolin

Fig. 6 FFT amplitude
comparison of 10th interest
signal received for reference
data (water) and test data 10,
20, 30, and 40 %
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4 Discussion

Data similar to were obtained for the kaolin slurries of 10, 20, 30, and 40 % kaolin
by weight. The attenuation due to the 10 % kaolin slurry can be observed in Table 1
by the increasing separation between the FFT amplitudes for water and the slurry.
The data for kaolin slurry 10 % wt concentration were compared with that for water
by evaluating the natural logarithm of the ratio (FFT amplitude slurry/FFT
amplitude water) for a specified frequency (2 MHz). The data exhibit straight lines
and the interest signal (IS) for each set pulse was obtained for water and for the
slurry. The data were obtained in ten steps, using appropriate decay factor for the
transmitted pulses and the receiver gains. Overlapping interest signals (IS) were
used to determine the effect of changing the pulser voltage travelling through slurry,
and the data were normalized to a pulser voltage of ±75 V. Additionally, the slopes
(S) were obtained. The lower pulses-power such as 40, 35, 30 V greatly affected by
low concentrations of slurry than the higher pulse power for one transmitted set as
shown in Fig. 3b. For example, the received pulse number 10 has 0.425 V while the
amplitude of same pulse travelled through 10 % kaolin was 0.208 V (Table 1);
therefore, to detect low concentrations with a long range of measurement, the set
size should be increased (i.e., decreasing the decay factor leads to incremental
increases in the amount of pulsed-power decay). Decreasing the decay factor leads
to an increase in the number of pulses in one transmitted set and causes more
generated lower-power pulses; this increase is limited by the high voltage supply.
Due to the attenuation of the ultrasound waves propagated through slurry, the
relationship between kaolin concentration and the attenuation was determined. The
attenuation (α) was calculated using (3) [2].

a ¼ �20
D

log10 e
S ð2Þ

For a given frequency, a plot of the attenuation (α) versus the kaolin weight
percentage (w) displays a straight line, Fig. 7, as expected. For example, when the

y = 0.0002 w+ 0.2647
R² = 0.9986
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values of the attenuation at 2 MHz are extracted from Fig. 7, such a plot shows the
following linear relationship:

a ¼ 0:0002wþ 0:2647 ð3Þ

where the slope has units of dB/cm wt%. Table 3 illustrates the differences between
a commercial pulser and the PPD technique.

5 Conclusion

In this research, we developed a self-contained prototype of an ultrasonic decay
power pulser system for the detection and measurement of the particle concentra-
tion in a fluid. The new technique demonstrates the system’s ability to distinguish
the presence of particles in a fluid at a concentration lower than 10 %, which is
below the limit of detection of the current method with the same device settings.

The PPD ultrasound system that we built generates a multi-pulsed powered
decay train for transducer excitation instead of a single negative pulse, which is
used in the current pulser. The PPD also delivers variable transmitted ultrasound
energy that will increase the level of the received signal interest for SNR
improvement, and the accuracy of the concentration measurement is increased. The
number of pulses per transmitted set is determined by the user based on the con-
centration detection level that is required. Although the pulser can generate pulse
amplitude up to 75 V, we found that a pulse set with a set size of 10 and initial
amplitude of 75 V was sufficient to distinguish the presence of particles in a fluid at
a concentration of less than 10 %. The detection of concentration can be improved
by increasing the set size, the pulse amplitude that was optimised in this study and
the gain of the interest signal amplifier and by optimising the filter’s receiver
parameters. The interest signal (IS) was digitised and analysed by an ultrasound
A-Scan device. The experimental results for the measurement of kaolin concen-
tration based on the PPD technique are shown in Table 3. It can be clearly observed
that the lower-order amplitude pulses are more attenuated than the first-order pulses
(higher power pulses). For example, the echo of the tenth pulse is 0.425 and 0.281
V through water and water 10 % kaolin, respectively, while the echo for first pulse

Table 3 The detection comprise between commercial and proposed technique for 10 % kaolin

Set
pulse
no.

Amplitude of
commercial
pulser (V)

Amplitude
of PPD
pulser (V)

Tap water FFT
amplitude of

10 % kaolin FFT
amplitude of

Commercial
pulses

PPD
pulses

Commercial
pulses

PPD
pulses

1 75 75 3.51 3.51 3.496 3.494

5 75 55 3.51 1.243 3.496 1.05

10 75 30 3.51 0.425 3.496 0.281
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is 3.51 and 3.494 V. The new technique exhibited high performance as an instru-
ment for measuring the percentage of sedimentation [6, 7], and it is applicable with
all container materials. The amount of ultrasound energy received by the transducer
can be increased using a transducer with a larger area or by adjusting the position of
the transducer and the angle so that the maximum IS amplitude is sensed. The
comparison results reveal that the PPD technique is more efficient than the classical
technique for the pulser, especially for the detection of very low concentrations
(5 %) of particles in a fluid.

References

1. Basso C (2008) Switch-mode power supplies spice simulations and practical designs, 1st edn.
McGraw Hill, New York, pp 175–212

2. Chen Q, Freear S, Cowell DMJ (2007) Measurement of solid in liquid content using
ultrasound attenuation. In: 5th world congress on industrial process tomography, Bergen,
Norway

3. Greenwood MS, Adamson JD, Bamberger JA (2006) Long-path measurements of ultrasonic
attenuation and velocity for very dilute slurries and liquids and detection of contaminates.
Ultrasonic 44:e461–e466

4. Kainka B, Berndt HJ (2001) PC interfaces under Windows. Elektor Electronics (publication),
Dorchester, pp 21–34, 248–267

5. Parker D, Lec RM, Pendse HP, Vetelino JF (1990) Ultrasonic sensor for the characterisation of
colloidal slurries. In: IEEE ultrasonics symposium, pp 295–2981

6. Salim MS, Abd Malek MF, Heng RBW, Salim NS, Juni KM (2011) A new measurement
method of separation percentage for human blood plasma based on ultrasound attenuation. Int
J Phys Sci 6(30):6891–6898

7. Salim MS, Abd Malek MF, Sabri N, Noaman NM, Juni KM (2013) Novel: time optimization
model for centrifugation process: application in human blood-plasma separation. Meas J.
http://www.sciencedirect.com/science/article/pii/S0263224113002741

8. Schmerr LW Jr, Song SJ (2007) Ultrasonic nondestructive evaluation systems: models and
measurements. Springer, New York, pp 439–455

9. Secomski W, Nowicki A, Guidi F, Lewin PA (2003) Noninvasive in vivo measurements of
hematocrit. J Ultrasound Med 22:375–384

10. Shung KK (2006) Diagnostic ultrasound imaging and blood flow measurements. Taylor &
Francis Group LLC, Boca Raton, pp 185–210

11. Tang SC, Clement T, Hynynen K (2007) A computer-controlled ultrasound pulser-receiver
system for transskull fluid detection using a shear wave transmission technique. IEEE Trans
Ultrason Ferroelectr Freq Control 54(9):1772–1783

A Wide Range Measurement and Disclosure … 281

http://www.sciencedirect.com/science/article/pii/S0263224113002741

	17 A Wide Range Measurement and Disclosure of Ultrasonic Attenuation for Very Low Concentrations of Solid in Liquids Using Exponential Pulser Technique
	Abstract
	1 Introduction
	2 Ultrasonic Pulser Design
	3 Validation of PPD Design
	4 Discussion
	5 Conclusion
	References


