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Abstract The paper presents the design and implementation of the water level monitoring and controlling
system, which aims to overcome of issues that may present as a result of using manual systems for filling up
domestic water tanks, such as, flooding of water in residential areas, which leads to the decline in roads and
disruption of traffic, waste of energy, an increase in the noise pollution caused by the sound of the pumps
and lack of water available in the network. The implementation of the proposed system is based on PIC
microcontroller and Sharp GP2D02 infra-red range sensor, which is used to measure the water level within a
tank and based on this measurement, the water pump is turned ON or OFF automatically. The statuses of
the water level and the pump are displayed using LEDs. The experimental results show that the proposed
system is succeed in measuring the water level and turning the water pump ON or OFF according to the
water level.
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Introduction

Sustainability of accessible water resource in the 21st century is much more related to lack of

many regions of the world is currently an issue of
great importance. Indeed, it constitutes one of the
most challenging to the future of life on the
planet. Experts have confirmed in various reports
that population growth and climate change are
increasingly leading to changes in water
availability, In addition to the fact that a large
number of water resources are threatened by
waste disposal and the disposal of industrial
pollutants, contaminated water [1]. Moreover;
authors in [2], suggested that the water crisis in

adequate and integrated water management.

Water is commonly used for agriculture, industry,
and domestic consumption. In Libya, the lack of
adequate and integrated water management for
domestic consumption cause the following issue:
waste water on the roads from domestic water
tanks as a result of using manual system for
filling up the water tanks; lack of water available
in the network; flooding of water in residential
areas and thus lead to the decline in roads and
disruption of traffic and also waste of energy as
well as an increase in the noise pollution caused
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by the sound of the pumps, which leads to the
inconvenience caused to the neighbours.
Therefore, proper sensing, water level monitoring
and control are potential constraint for domestic
or office water management system.

Water levels can be measured using water level
sensors, such as ultrasonic, infra-red, pressure,
float and conductivity level sensors. Choosing
these sensors is based on certain specifications
factors include: accuracy, measurement range,
resolution, long term stability, interchangeability,
resistance to physical and chemical contaminants
and cost effectiveness [3].

Recently, several notable efforts to develop water
level monitoring and control systems, and a review
of these methods are presented in [4]. Based on
the advantage of the electrical conductivity
property of water, authors in [5-12] use the
conductivity level sensors to detect water level.
The advantages of using this sensor that are very
simple in operation, their working depends upon
the electrical conductance or conductivity of the
process liquid being measured, low cost and well
suited for dual or multiple point control. In [5, 8]
water level monitoring and management system
based on microcontroller are presented, in which
the conductivity water level sensors with three
control points are used for measuring the level of
the water that can be low, medium or high level.
Authors in [10], present, the design and
implementation of automated water level
monitoring system based on microcontroller, they
use the conductivity water level sensors with two
control points which are low and high levels.
Whereas, the authors in [6, 12] and use the
conductivity water level sensors with eight and
four control points, respectively. Authors in [7],
discuss the design and implementation of wireless
automatic water level control using radio
frequency communication and for sensing the
level of water, they use the conductivity water
level sensor with two control points. Authors in
[9], present, the design and implementation of
multi-tank water monitoring system based on low-
power ZigBee wireless communication
technology. The authors use the conductivity
water level sensor with two control points. The
disadvantageous of using this type of sensors are
that the sensor need periodic cleaning and limited
suitability for products of varying conductivity.
Instead of using the conductivity water level
sensor, authors in [13-15], use ultrasonic sensors
to detect the level of water, which are
advantageous as they are not in direct contact
with the water, and the level measurement is done
without involving any physical contact. Authors in
[16] use the potentiometric level senor to detect
the level of water. Authors in [17] present wireless
automation to monitor the level of water. The
infrared sensors have widely been used for object
detection and avoidance collisions due to their low
cost, ranging capability, perform accurate
measurements of small level movements and they
are not in contact with the process [18, 19]. In
this paper, a new PIC microcontroller based water
level monitoring and control system is presented.
The proposed system measures the level of water

in the domestic water tank using Sharp GP2D02
infra-red range sensors, which
measuring the distance between surface of water
and the sensor and depending on the distance,
the motor pump is turned ON or OFF
automatically.

The benefits of the proposed water level

monitoring and control system can be surmised

as follows:

(i) Saving power, this is because the amount of
electricity used is limited due to the
automatic controlling of water level.

(i) Since the motor pump is turned off
automatically when water is reach the high
level of the tank, there is no need to check
the water level manually and as result of that
the time is saving.

(i) Water usage can be maximized with a water
level control system. This is because the
proposed monitoring system automatically
provides more water during the middle of the
day and less water at night based on the
water level. As a result, water remains at its
appropriate level at all time.

(iv) Water regulation is optimized using the water
level control system, which means that
wasted electricity and water is kept at a
minimum and as result of this a substantial
amount of money over time is saved.

The rest of this paper is structured as follows.

Section 2 covers the details of the proposed water

level monitoring and controlling system. Section 3

presents the experimental results. Conclusions

are drawn in Section 4.

The proposed water level monitoring and

controlling system

The block diagram shown in Fig. 1 provides an

overview of the proposed water level monitoring

and controlling system, which consists of PIC
microcontroller as a core of the system, the
oscillator unit to generate the clock pulses
required for the synchronization of all the internal
operation of the PIC microcontroller, the power
supply unit to provide the required voltages to the
proposed system, the water level sensor to
measure the level of water in a domestic tank,
water pump control unit to turn the pump ON or

OFF depending on the level of water and the

display unit to display the current status of the

water level in a domestic tank and the status of
the pump. In the proposed system the Sharp

GP2D02 infra-red range sensor is wused to

measure water level by measuring the distance

between the surface of water and the sensor and
based on this distance the amount of water within
the tank can be determined.
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Fig. 1: The block diagram of the proposed system

1. Interfacing the Sharp GP2D02 Infra-red
Range Sensor to the PIC microcontroller
Fig. 2 shows the Interface between PIC and the
sharp GP2DO02 infra-red range sensor, which
requires two lines for interfacing with the PIC. Vin
line to provides the signal to begin a measurement
and also is used to provide clock pluses. Vout line
to transmit the measurement back to the PIC
microcontroller. The output of this sensor is 8 bit
serial measured. due to the maximum
characteristics of the open drain input a diode is
used to only enable the current to flow when I/0
pin is low [18]. The sharp GP2DO02 infra-red range
sensor is driven according to the timing diagram
shown in Fig. 3, in which the measurement is
initiated by forcing the Vin signal to logic low for
at least 70 ms or until the Vout signal from
GP2D02 sensor becomes logic high. Then, Vin
signal is toggled at the rate of 0.2 ms or less to
start clocking in the 8 serial bits from the sensor.
To reset the sensor for another reading, Vin is

floated high for at least 1.5ms.

+5V

RBO /‘ V,
N

RB1 Vout
GND
PIC GP2D02

Fig. 2: Interfacing PIC withPZDOZ (water level
sensor)
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Fig. 3: the timing diagram for GP2DO02 infra-red
sensor

Output

2. The implementation of the water level
monitoring and controlling system

The implementation of the proposed water level
monitoring and control system comprises of
hardware and software implementation. In
Former, the implementation covers power supply
unit, oscillator unit, water pump unit and the
display unit as shown in Fig. 4. The Sharp
GP2DO02 infra-red range sensor, which is used to
measure water level within a tank is implemented
as shown in Fig. 2. The sensor is connected to the
microcontroller via RBO,RB1 pins on PORTB . The
water level pump control unit is implemented
using a relay device, which allows low power
circuits to switch a relatively high current/voltage
ON/OFF. AS illustrated in Fig.4, an NPN
transistor 2N3904 is used to control the relay and
in order to protect the transistor from damage due
to the back electromotive force generated in the
relay's inductive coil when the transistor is turned
OFF, a fly back diode 1N4148 is used and
connected in parallel to the coil of the relay. The
water pump control unit is interfaced with PIC
microcontroller via RB4 pin on the PORTB, and
depending on the water level, the microcontroller
producing logic low or high on RB4 pin to switch
the pump OFF or ON, respectively. The display
unit of the proposed system is consist of Four
LEDS, these are connected via current-limiting
resistors. The first LED is connected via RB4 and
used to show the current status of the pump
ON/OFF. The second, third and fourth LEDs are
connected via RBS, RB6 and RB7, respectively
and they are used to indicate the current status of
the water level within a water tank. The status
can be low, medium or high level.
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Fig. 4: the schematic circuit of the proposed
system

The software design of the proposed system is
shown in Fig. 5 and the implementation of the
software is divided into four functions; the first is
the Initialization function, which aims to initiate
the PORTB in the PIC 16f877a microcontroller as,
RBO pin as output pin and RB1 as input pin in
order to interface with the GP2DO02 infra-red range
sensor; RB3 as output pins to control the
operation of water pump; RB4, RB5 and RB6 as
output pins to connect with the display unit,
which consist of three LEDs. PORTC as output for
the purpose of calibration of the sensor. The
second function is the measurement, which aims
to initiate and drive the GP2D02 infra-red range
sensor by generating the required waveform
as illustrated in Fig. 3 and reading the sensor
measurement. The third is the convert and display
function, which aims to convert the 8bits serial
distance information measured by sensor into a
distance of centimetres and display the status of
water level and the pump on LEDs. The output
distance information of the sensor has an inverse
relationship to the distance of an object. That is
the further the object, the output values of the
sensor will be small. The distance information can
be converted into a distance of centimetres using
the equationl.

D = Kg/(X-Ko) (1)
Where D denotes a distance and it is given in
units of centimetres (cm), X is the sensor output,
Kg is the gain and Ko is an offset. The values of Kg
and Ko can be determined as follows:
Let D and X be the distance and output,
respectively of the first measurement. Let D' and
X' be the distance and output, respectively, of the
second measurement.

Kg = (X'-X) D'D / (D-D) (2)

Ko= (DX -DX)/ (D'-D) (3)
The fourth is the process function, which aims to
turn the water pump ON or OFF depending on the
water level. The water pump is turned ON once
the water level is less than or equal to medium
level and the pump is turned OFF once water
reach the high level within a tank. The

implementation of the proposed system is shown

in Fig. 6.

Initialization
PORTB
RBO0,RB3,RB4,RB5
,RB6 as output
RB1 asinput
PORTC as output

v

LEDS OFF
Pump OFF

»
L

Y

Measuring Water level

l

Convert measurement into
centimetres
&display the current status
of water level on LEDS

ater level < medium
level

Yes

Water level > High
level

Pump OFF

Fig. 5: the flowchart of the software design of the
proposed system

Fig. 6: the implementation of the proposed system

Experimental results

To test the performance of the proposed water
level monitoring and controlling system, the
experiments were organized in two phases. In the
first phase, the values of Kg and Ko are
determined based on equations (2) and (3)
mentioned early. These values are used in order to
calibrate and convert the 8bit information into a
distance of centimetres using equation (1). The
values of Kg and Ko are 1560 and 82,
respectively. In the second phase, the performance
of the proposed system in measuring the water
level within a small tank and turning the pump
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ON or OFF based on the measurement are tested
using different water level. The sensor outputs are
based on the measured distance from the sensor
to surface of water in a small tank. The output
has an inverse relationship to the distance of
water surface. That is the further the water
surface, the output values of the sensor will be
small. The results of the experiments are shown
in Fig. 7, in which shows, the output of the water
level Sharp sensor within the range 10 cm - 80
cm. As illustrated, the sensor is able to produce
different outputs in relation to different distance
to water level. The values of  water level
parameters used in experiment are that low level =
70cm, medium level = 40 cm and high level =15
cm and based on these values, the proposed
system was able to measure the water level and
succeed in turning the pump ON or OFF
according to the water level.

160
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Fig. 7: the results of measuring the water level

Conclusion

The design and implementation of the water level
monitoring and controlling system is presented. It
is based on PIC microcontroller and Sharp infra-
red range sensor. The advantages of the proposed
system includes: saving energy, reduce noise,
optimization of water regulation and improve the
lifespan of the pumps duo to working
automatically.

The idea of the proposed system can be extended
for a large tanks by using different infra-red
sensors that are able to measure more distances
than 80 cm.

Further investigation for improving the
performance of Sharp infr-red sensor can be done
by using a float object on the top of a water
surface that would reflect infrared instead of using
water.

Moreover; more features can be added to the
proposed system for the applications of
monitoring and controlling smart houses, such as
temperature, humidity, fire, gas leaking, lighting
monitoring and controlling, etc.

Further investigation for increasing robustness
by using adaptive embedding strength a
depending on

blocks characteristics is on the way.

Further investigation for increasing robustness
by using adaptive embedding strength a
depending on blocks characteristics is on the
way.
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