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ABSTRACT

This research work is proposed the development of two prototypes of water level

meter in open channel to transmit data using wireless sensor networks:

The water level measurement technique based on a semicylindrical capacitance
measurement consists of a hollow PVC semicylinder made of covered with a semicylindrical
aluminium foil. Capacitance of the probe is proportional to the change in water level and is
inversely proportional to the distance of aluminium foil. The capacitance is measured in the range
.of picofarad (pF). The static and dynamic responses of the proposed sensor were tested using the
modified bridge circuit. Results show that the measured voltage is in the range of millivolt (mV)
and is proportional to the variation in water level. In addition, the tested nonlinearity,
repeatability, and time responses of the probe are in the range of 0.2 second. This technique can
be efficiently used in real-time water level measurement. Moreover, it is low cost, easy to use,
and portable.

The water level sensor fabricated from a simple printed circuit board. This sensor isa
coplanar structure consisting of multiple parallel fingers. The capacitance between parallel fingers
varied according to the water level. The varied capacitance can be measured and processed by a
microcontroller. The output signal is transmitted by RS-232 to a computer or other devices with the
same communication protocol. The experimental results show that this liquid level sensor is linear with
R’ = 0.9992. and precision with 0.7 cm. in error. In addition , this sensor consumes a low energy rate at

5 mi/s for 2.2-3.5 volts supplied voltage.

Keywords: Water level measurement, Semicylindrical capacitance measurement, Modified

bridge circuit, Interdigital sensor
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Water Level Measurement using Semicylindrical Capacitance measurement Technique

Supagorn katathikarnkul” and Kanadit Chelpattananondh'z’

Abstract

This paper presents the water level measurement technique using a semicylindrical capacitance
measurement. The probe consists of a hallow PVC semicylinder made of covered with a semicylindrical
aluminium foil. Capacitance of the probe is proportional to the change in water level and is inversely
p;oportional to the distance of aluminium foil. The measured capacitance is in the range of picofarad (pF). The
static and dynamic responses of the proposed sensor were tested using the modified bridge circuit. Results
show that the measured voltage is in the range of millivolt (mV) and is proportional to the variation in water
fevel. In addition, the tested nonlinearity, repeatability, and time responses of the probe are in the range of 0.2
second. This technique can be efficiently used in real-time water level measurement. Moreover, it is low cost,
easy 1o use, and portable.

Keywords: ‘water level measurement, semicylindrical capacitance measurement, modified bridge circuit
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A LOW-COST CAPACITIVE
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Abstract: 4 low-cost, repeatability, and linearity water
level measurement technique using  cylindrical
capacitance is proposed with an explanation of
experimental results. The sensor is in the form of a
uniform hollow cylinder made of insulating material (like
PVC, Teflon, etc.) which is covered with 5 segments of
two hemi-cylindrical electrodes. The change in
capacitance due to the change of liquid level inside an
insulating hollow cylinder is detected by capacitance-
controlled oscillator and a microcontroller. The sensor
is able to measure absolute levels of liquid with 5 cm
resolution over 1 m range.

Key Words: Capacitive sensor; Water level sensors;
Liquid level measurement; Cylindrical capacitance

1. INTRODUCTION

Water level in a river or a channel is one of the
important variables that was required to be measured and
control in any warning and monitoring system. The
.liquid properties [1-5] like buoyancy, pressure at a depth,
relative electrical permittivity, electrical conductivity,
thermal conductivity, absorption of radiation, liquid
surface reflection of sound or light wave, etc., are related
with the water level. These properties of liquid are used
to design the different inferential types of liquid level
transducers [1]-[3] such as float, displacer, pressure
sensor, capacitance probe, partially immersed resistance
wire probes, etc. Of these, the contact-type level-sensing
probes [1], [2] like float, displacer, etc., have the
disadvantage that their characteristic properties with
liquid level may change due to the physical or chemical
reaction between the liquid and the probe material, and
hence, their life period may be limited. The non contact-
type level-sensing probes [1], [3] like ultrasonic probe,
absorption probe, etc., may have longer life period, and
experimental precautions during the measurement.

Most present acoustic level gauges are based on the
sound reflection phenomena, and operate in the
ultrasound region [6]-[9]. The use of ultrasound is
limited due to the problems of parasitic reflections

caused by the foams, residues, surface ripples, deposits,
etc. However, there are some improvements that reduce
those problems [7], [9]-[11]. For an acoustical gas
resonance fluid level measurement [12] is not useful
when measuring the level of sandy or grainy materials;
and the system has relatively slow dynamic response.

Several optical fiber liquid-level sensors have been
developed in the past few years [13]-[15]. For example,
a liquid-level sensor with high precision but micrometer
range based on the refractive-index sensitivity of long-
period gratings [13]; a microbending optical fiber sensor
with a resolution of 10 mm for meter range measurement
[14]; an intensity modulation method using a pair of
fibers to transmit,the source light and receive the light .
partially reflected by the liquid surface through a glass
prism, which is restricted by the fluctuation of source
light power and the cleanness of prism surface [15]. And
all of the above mentioned methods need temperature
compensation for practical applications. Other optical
fiber liquid level transducers[16-17] is the contact-type
transducer, which produces optical pulses when the
liquid level moves along the cladding and uncladding
zones of the optical fiber. This transducer has the further
advantage that it can be used with intrinsic safety in
explosive or inflammable liquids. However, this type of
measuring system is much costlier than the other- similar
instruments.

In this paper, a low-cost contact capacitance-type
water level measuring technique has been designed and
fabricated. The difference between the liquid and air
dielectric constant of water is sufficient to be used as a
basic for the measurement of water level. This technique
can also be appropriate for water level monitoring in an
open-channel or a river. The experiment is performed to
sense water level in both increased level condition and
decreased level condition. The experimental results are
found to have good repeatability, linearity, and
resolution.



2. PHYSICAL ASPECTS

The fundamental concept underlying the proportional
capacitive water level sensor is the transduction of water
level via the change in effective capacitance of an
electrode pair resembling a parallel-plate capacitor. The
capacitive water level-sensing probe in this work consists
of a 1" outer diameter PVC pipe with 1 m length which is
covered with 5 identical segments of two hemi-
cylindrical aluminum electrodes as shown in Fig. la).
The electrodes are shielded by 1'%" outer diameter PVC
pipe for water proof. The cross section of the level sensor
in this work is shown in Fig. 1b). The water level inside
¢ 1" PVC pipe is taken as the dielectric of the
cylindrical capacitor. When the water level is changed,
the capacitances of this ¢ 1" PVC pipe also are

changed. The equivalent circuit of the sensor is shown in
Fig. 1c). The first segment (C,) of cylindrical capacitor is
the reference capacitor which is immersed in water with
20 cm height. The other segments (C,, Cs3, C4, and Cs)
are used to detect water level range of 21-40 cm , 41-60
cm, 61-80 cm, and 81-100 cm, respectively.

¢ 1"PVC Pipe
o11/2"
PVC Pipe
AL Electrode r'g
Water Level
f:)f :’E Water Resistant
- “—  material
1"PVC Pi ¢ 1172°
¢ pe PVC Pipe
AL Electrode

b)

—
Cs

I
Cs

I

G

—I
'\H 2

—
C
<)

Fig.1 a) Physical aspects of cylindrical capacitive-type
liquid level sensor in this works b) The cross section of
the level sensor in this work ¢) The equivalent circuit of
this sensor

For water level measurement, an RC oscillator (RCO)
using an integrated circuit has been designed as shown in
Fig.2 to measure each segment of cylindrical capacitance
of the proposed level transducer in term of frequency.

g e

multiplexer L

Control signal

-
< Integrated
Oscillator
Measuring
signal with
frequency f

Display

pcontroller

Fig.2 The instrumentation circuit for the measurement of
each segment of cylindrical capacitance of the liquid
level measurement

Microcontroller is used to control a selective switch
to connect each segment of cylindrical capacitor and
calculate the frequency of oscillator. Let the frequency of
RCO that connected to the first segment (C;) be f; and
the other ones of oscillator connected to other segments
(C,,Cs, Cy, and Cs) is represented by f;, f5 f; and £,
respectively. The step for measuring the level in each
segment is illustrated as-shown in Fig.3. .

Control selective switch to
Connect each segment

Calculate f

|

Record f

|
Calculate f2-f1 5 f3-f1,
fA'fl, fS'fl

Fig.3 The flow chart of the level measurement

3. EXPERIMENTAL SETUP

This proposed level transducer was used to set up the
water level measurement in “Increasing level” and
“Decreasing level” condition of a channel with 1.5 m
depth. Data was recorded in microcontroller, And hence,
experimental result of the level measurement in term of
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Fig.4 Experimental results of a) the difference of
frequency of RCO connected to 2 segment and I
segment b) the difference of frequency of RCO connected
to 3™ segment and I segment c) the difference of
frequency of RCO connected to 4" segment and I"

segment d) the difference of frequency of RCO connected
to 5" segment and I°' segment

the difference of frequency of RCO connected to each
segments (f-f;, f3-f;, fy-f;, and fs-f;)) for both of
conditions was shown as Fig.4.

Fig. 4a) shows that frequency difference f,-f; was
linearly related with water level in the range of 20-40
cm. However, when water level was over 40 cm the
frequency difference f-f; was nearly zero since capacitor
C, was below the water level. These results suggest that a
sensing range of C; was 20-40 cm.

From Fig. 4 b), the frequency difference f3-f1 was
nearly constant when the water level increased from 20
to 40 cm according to a dielectric constant inside a
capacitor C; was air because the water level was below
capacitor C; With the water level of 40-60 cm the
frequency difference f3-fl1 was linearly decreased and
with the water level higher than 60 cm there was no
change in the frequency difference f3-f1 since a
capacitor C; was already below the water level.
Therefore, the sensing range of C; was 40-60 cm.
Similarly, these results were also observed at higher
water level as shown in Fig. 4 c) and Fig. 4 d).

For these results as shown in Fig.4, they were
indicated that there were no significant deviations for
both “Increasing level” and “Decreasing level”
conditions as illustrated in Fig. 4. Therefore this level
sensing probe proposed in this paper was appropriate to
detect a tidal recorder. For water monitoring could also
be carried out by this proposed technique.

4. CONCLUSIONS

An effective capacitive water level transducer for the
measurement range of 20-100 cm with 5 cm resolution
has been proposed, designed and realized. Experimental

" results confirm that this capacitive water level transducer

described in this paper has linear sensitivity (0.1 kHz/cm
approximately) and good repeatability. In addition, this
water level transducer can be used.to detect the water
level regardless of water condition. Since the measuring
water level value is the frequency difference of a sensing
capacitance compare to a reference capacitance,
therefore the environmental condition of water is not
complicated problem. The overall uncertainly in
measurement of level with this developed water level
sensing probe in both the short-term and long-term bases
has been studied, keeping supply voltage, frequency,
humidity and temperature constant, and further studies
are needed to better the processing time of measuring
water level in case of turbulent flow.
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Abstract

This paper presents a study for static
characteristics of a liquid-level measurement technique based
on a semicylindrical capacitive probe. The probe consists of a
uniform hollow cylinder made of insulating material (like PVC,
Teflon, etc.), which is covered with a segment of two
semicylindrical  aluminuim  electrodes. The pF-range
capacitive variation of this probe due to the change of liquid
level inside an insulating hollow cylinder was measured by
LCR meter. This probe was able to measure absolute levels
of liquid with 1..0 cm resolution over 30 cm range with 1.31
%FSO non-linearity, range with 1.02 % repeatability and 6.04
%FSO hysteresis error. For each of the 30 measuring values
of liquid level in the exberiments, 10 replication tests were
performed in order to ascertain reliability of the probe under
identical conditions. These experimental results are found to
have good repeatability within acceptable limits.

Key Words: Liquid level measurement, Semicylindrical

capacitive probe , Capacitance
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Abstract

This paper is proposed an application of Interdigital
Electrode for water jevel measurement. The electrode was
immersed in water as liquid level was changed, a
capacitance of electrode was changed as well. The change
of capacitance due to the change of liquid level was
converted to the voltage by a bridge circuit with
microcontroller. The output was transmitted to the computer
display with series port (RS 232). The experiment resuits
found that the non-linearity error was 1.42 %FSO and the
hysteresis error was 3.87 %FSO
Key Words: Water Level

Interdigital Electrode,

Measurement, Capacitive Sensor
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Abstract

This paper presents a semicylindrical capacitive sensor for
ligiud level measurement. The sensor consists of aA uniform hollow
cylinder made of insulating material (like PVC, Teflon, etc.) covered
with two segments of two semicylindrical aluminuim electrodes. The
bottom segment of semicylindrical electrodes is the reference capacitor,
which is sinked into liquid. The top segment of semicylindrical
electrodes is the sensing capacitor for liquid level measurement. The
capacitive variation of this transducer is in pF-range due to the change
of liquid level inside an insulating hollow cylinder, which can be
measured by De-Sauty bridge circuit. The level measurement from
different liquid can be detected by voltage difference of two segments
of semicylindrical electrodes.  The linear relation between the
capacitance of this probe and the liquid level is analyzed and discussed
using the numerical method.
liquid level measurement, semicylindrical capacitive

Keyword :

tranducer, De-Sauty bridge circuit.
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Abstract

The objective of this paper is to study the static and dynamic
response of  semicylindrical capacitive sensor for liqiud level
measurement. De-Sauty Bridge circuit is applied to measure the change
of capacitive due to liquid level variation in milliVolt-range. Time
response of this capacitive sensor is acceptable and can be used to

monitor the change in liquid level. In addition, this sensor is cost

effective, easy to use, and portable.

Key Words : Liquid level measurement, Semicylindrical capacitive

probe , Time response , De-Sauty bridge circuit
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