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can also be scaled up to monitor the drinking water quality in
a public water distribution system in a large scale.

Abstract- Determination of natural freshwater qualities in the
absence of significant direct human impact, the critical water
quality parameters are essential to be monitored for the health
of the creatures. An autonomous real time device to measure
the physical and chemical parameters such as (PH,
Temperature, Turbidity) in water using Arduino Atmega 2560
Microcontroller is developed which is capable of generating
alarms & sending information in the form of alerts of the
abnormality of a particular quality parameter or of an overheaded tank to the authenticated user using Zigbee, as the
sensors detects the threshold level values. The data is
manipulated through Atmega microcontroller which transmits
the data through Zigbee and also displayed onto the LCD. The
device is designed for domestic purpose with much importance
given to cost & power consumption. This paper is an attempt to
explore basic physical & chemical sensors as per the WHO
guidelines.

A. Proposed Work
As per stated in the paper [1], Limitation of human
resource to do real-time monitoring and data collection
regarding this environmental issue will lead a major problem
to fresh water supplies at coming decades. This paper
describes an approach of Wireless Sensor Network (WSN)
application to do real-time data collection at the fresh water
resources such as rivers, lakes or wetlands areas to obtain
proper water quality parameters measuring. The WSN
system is used as a platform to monitor the fresh water
quality readings, deployed at distributed location which each
nodes will able to interface with various water quality
sensors. This proposed system is powered by PIC16F886
(4/35 I/O pins, 20 MHz oscillator/clock input, operating
voltage range 2.0V-5.5V) nano-watt MCU, with RF XBEE
802.15.4, ISM 2.4 GHz module for each node while the
Coordinator device integrated with GSM/GPRS modem and
monitoring LCD.[1]
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I.

INTRODUCTION

There has been lots of research on development of
sensors for measuring the different water quality parameters.
These sensors have been associated with a LCD display
device to display the measured value. This can only be used
as a stand-alone device for measuring the parameter on-site.
There has been a great progress in the wireless
communication research to develop wireless sensor zone
using the sensor node comprising of sensor board, processor
board and transceiver. To the best of our knowledge, there is
no such indigenous technology which integrates the sensors
for water quality monitoring and the WSN. There is still a
lack of indigenous real-time integrated drinking water
quality monitoring system available indigenously which can
monitor and control the quality of drinking water
continuously in different places, transmit data to the central
server via the wireless communication and generate alarms.
This proposed research paper refers to technologies in the
move towards next-generation water quality monitoring. The
system shall provide a simple and efficient means to detect
and analyse the water quality regularly and automatically. It
is based on low cost wireless network for remote sensor
monitoring the quality of water from diverse features, with
less manual intervention, and heavy expenses. The proposed
system mainly deals with wireless communication, sensor
technology, database management system and artificial
intelligence techniques. All these branches are well studied
and lots of literature and modules are available for reference.
The proposed system can be used in different institutions,
housing societies, apartments in a small scale The system

B. Problem Definition
As the sensor nodes along with all the sensors/probes,
different electronic circuits are supposed to be in remote
locations and thus are battery powered and operated, a smart
power system and networking activities are mostly taken into
consideration for WSN platform design to solve this critical
issue as every battery has a limited life and are also not
easily replaceable due to remote an inaccessible locations,
energy optimization is an big issue. Energy optimization can
be dealt by optimizing the electronic circuit design, sleep
scheduling of the nodes, time synchronization for
communication etc. Different sensors has different sampling
rate. A standard data packet has to be formed before the data
can be sent to the base station. One way of addressing this
issue is to consider Lowest common multiple (LCM) of all
sampling rates to collect the data, form the packet and send
to base station. But then packet size is also an issue which
needs to be considered. The problem with the basic physical
and chemical sensors is that it cannot detect the pathogens
and microbiological components in the water. This paper is
to explore the possibilities of using soft sensor (software
where several measurements are processed together) to
detect pathogens (infectious agents). The contribution to this
work is to study and develop a suitable, intelligent and
adaptive decision support system for monitoring both the
quantity and quality of water in different water bodies and
water flow. This paper aims to identify source of water
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pollution, to detect water leakage, to meter the water supply
remotely with the help of a wireless sensor network zone.

Converter. The processor board processes the data according
to the quality specifications and transmits to the central
server through the transceiver. The measured data in each of
the reservoir shall be sent to the central server through the
respective transceivers either directly or indirectly through
other sensor or repeater nodes.

C. Objectives
The paper aims to build an autonomous real time
device to measure the physical and chemical parameters
(PH, Temperature, Dissolved Oxygen, Conductivity,.) of
water using Arduino Atmega 2560 Microcontroller (54
digital input/output pins (of which 15 can be used as
PWM outputs), 16 analogue inputs, 4 UARTs (hardware
serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP (In circuit Serial
Programming) header, and a reset button).[7] The sensors
used are capable of capturing the analogue data and sends
them to the ADC, then the data is manipulated through
Atmega microcontroller which transmits the data through
serial communication to the Zigbee modem then, the
sensor output data is displayed onto the LCD. This paper
is an attempt to explore the sensor probes that
continuously measure the basic physical, chemical and
biological sensors such as pH, Dissolved Oxygen (DO),
Conductivity, that generate alerts in terms of mails/
messages/ alarms following violation of safety norms as
per WHO standard or according to the local sensitivity.
In addition, Soft sensor concept (software where several
measurements are processed together) is related to
monitor water quality. The expected outcome shall be a
new prototype model for on-line, real-time water quality
monitoring system in a predefined wireless sensor zone.
This paper aims to provide simple, efficient, cost
effective and socially acceptable means to detect and
analyze water bodies and distribution regularly and
automatically. This paper aims to design wireless sensor
network zone architecture for drinking water quality
monitoring. This paper aims to design and develop
wireless sensing hardware for collecting water quality
parameters like pH, DO, Temperature and pathogens like
Algal toxins (Cyanobacteria) etc. This paper aims to
design wireless sensor network zone architecture for
drinking water flow and quality monitoring. This paper
aims to develop the interface modules (both hardware
and software) for the wireless sensor nodes and probes.
This paper aims to develop an expert system for adaptive
setting up of new bench mark for water quality of
drinking water and other usage.

II.

Figure 1: Transmitter Section

Figure 2: Receiver Section
Table 1: Standard specifications for drinking water
[10]

SYSTEM OVERVIEW

In the proposed architecture, each water reservoir will be
attached with a sensor node equipped with a set of sensor
probes capable of measuring the parameters like pH,
Turbidity etc. According to the specifications of the sensor
probes and the processor board of the sensor the signal
conditioning circuit will be designed to generate the sensor
output to the processor board through Analog to Digital
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SERIAL
NO.

PARAMETER
S

DESIRABL
E RANGE
FOR
DRINKING
WATER

MAXIMU
M RANGE
FOR
DRINKIN
G WATER

UNIT
S

1.

Turbidity

5

10

NTU

2.

pH Value

6.5 - 8.5

-

-

3.

Total
hardness(
CaCO3)

300

600

mg/l
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4.

Iron

0.3

1.0

mg/l

5.

Chlorides

250

1000

mg/l

Figure 3: Process flow

IV.
6.

Dissolve
d Solids

500

2000

mg/l

7.

Calcium

75

200

mg/l

8.

Copper

0.05

1.5

mg/l

9.

Mangane
se

0.1

0.3

mg/l

10.

Sulphate

200

400

mg/l

11.

Nitrate

50

-

mg/l

12.

Fluoride

1.0

1.5

mg/l

13.

Mercury

0.001

-

mg/l

14.

Cadmium

0.01

-

mg/l

15.

Selenium

0.01

-

mg/l

16.

Arsenic

0.05

-

mg/l

III.

PLATFORM DEVELOPMENT

Since this project is at preliminary stage, a complete
water quality experiments are not carried out yet. The
temperature of hot and cold water using LM 35 is tested
(Figure 4) and the Zigbee communication has been
performed. (Figure 5)
Interfacing circuits for signal
conditioning of Sensors are generated in Multisim 13.0

PROCESS FLOW

Figure 4: Arduino interface with LCD, Keypad and
Zigbee

Figure 5: Arduino interface with LM 35
A. pH Sensor
Signal from a pH probe has a typical resistance between
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10MΩ and 1000MΩ. Because of this high value, it is very
importance that the amplifier input currents be as small as
possible. So here we are using LMC6001 having less than
25fA input current is an ideal choice for this application.
The theoretical output of the standard Ag/AgCl pH probe is
59.16 mV/pH at 25ºC with 0V with pH of 7.00. This output
is proportional to absolute temperature. To compensate for
this, a temperature compensating resistor, R1, is placed in
the feedback loop.
This cancels the temperature
dependence of the probe.
The LMC6001 amplifies the probe output providing a
scaled voltage of +/- 100mV/pH from a pH of 7. The
second op amp, TL072 provides phase inversion and offset
so that the output is directly proportional to pH, over the full
range of the probe. Total current consumption will be about
1mA for the whole system.
 @pH 7 output of probe is 0 volts, @pH<7 voltage
is positive, @pH>7 voltage is negative
 Total pH range is 0(strong acid) to 14(strong base)
 If probe generates -59mV/pH unit then our
effective range would be +/- 7*59mV or +/.414volts
 Depending on temperature the voltage generated
per pH unit varies from -54mV@0c to 74mV@100c

the cost down and the accuracy up.
In order to normalize (Zero for 7pH) we will need to add an
adjustable offset control to our simple circuit. Since the pH
probe should produce 0v at pH7 the gain portion of the
circuit will not affect this reading, which is why we adjust it
in the offset portion. When combined with gain adjustments
we can make a simple circuit that is able to be calibrated
much like most commercial pH units.
In the most basic sense the gain controls our slope (think the
above graphs) and the offset zeros it around 7. First find the
range of the difference between the 4 and 7 calibration
readings then by dividing the voltage difference by our gain;
we get our voltage swing between the two solutions. From
the ideal pH probe scenario we know that a pH probe should
produce about 59mV per pH unit, by dividing our observed
range by this step number we can see if our amp is working
correctly. Once we can check what condition our probe is
in, even with a cheaper Op-Amp on breadboard, we can
achieve very good results for little investment.

Table 2: pH Properties
pH Properties

Range

pH value for
drinking water

6.5-8.5pH

Operating
temperature

20-100(Celcius)

Operating
Voltage

2.5-5.5Volts

Pressure range

0-100
Pounds/square
inch gauge

Figure 6: pH sensor Signal Conditioning Circuit

In order to build an adequate amplifier there are a
few considerations other than those pointed out by the ideal
probe section. One consideration is the very high impedance
that a pH probe has. Not only are the probes very high
impedance they also are susceptible to noise, and the input
stage is very vulnerable to drift/offset characteristics of the
amplifiers used to interface the probe. There are a lot of Opamps that can be chosen for the job, don’t just look at the
Input Impedance of the Op-Amp.
A typical probe has an impedance of anywhere between
50MΩ and 500MΩ, and since 100MΩ*1nA=.1v even
having a single stray nano amp can throw our measurement
off by almost 2 entire ph units. The goal then is to choose an
op amp that is adequate enough that will not load down the
probe but that also has characteristics which will keep both

Figure 7: pH sensor practical lab setup
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Photodetector

Light Source

Figure 10: Single Beam Turbidimeter[10]

TSL 235 Technical details;
•

Figure 8: pH Buffer solutions

•
•
•
•
•

B. Turbidimeter

•

It consists of a photodiode and a current to
frequency convertor.
Supplied voltage is 6.5volts.
Output frequency is 200-300kHz.
The device is temperature compensated.
Ultraviolet to visible light range is 300 to 700nm.
It can communicate with the microcontroller
directly because of its TTL logic.
The generated output from light to frequency
sensor is a square wave.

C. Fluid Level Sensor
Ultrasonic sensors (also known as transceivers when they
both send and receive, but more generally called
transducers) work on a principle similar to radar or sonar,
which evaluate attributes of a target by interpreting the
echoes from radio or sound waves respectively.[13] This
technology can be used for measuring wind speed and
direction (anemometer), tank or channel level, and speed
through air or water. To measure tank or channel level, the
sensor measures the distance to the surface of the fluid.
Technical details;
• Working Voltage is 5 Volts DC.
• Working Current is15mA.
• Working Frequency is 40kHz.
• Max Range is 4m.
• Min Range is 2cm.

Figure 9: Turbitimeter Practical Setup with
Arduino
An open-source affordable turbidimeter based on a light-tofrequency sensor is built using off-the-shelf electronic
components. The principal housing components are twopart case and a cylindrical cuvette holder. The cuvette
holder houses a near-infrared (860 nm) light emitting diode
(LED) and a light-to-frequency sensor, placed 90 degrees
apart in a ―single-beam design. The light-to-frequency
sensor outputs an electrical pulse train with frequency
corresponding to the intensity of detected light. A singlebeam turbidimeter contains:
 a light source that is directed through a liquid
sample
 a chamber to hold the liquid sample and
 one photodetector (a light-to-frequency sensor
TSL235)

•
Figure 11: Practical Setup of interfacing Ultrasonic
Sensor to check the fluid level
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Figure 15: pH Buffer versus pH measured

V. RESULTS
5.1 pH Results:

Figure 16: Voltage versus Temperature
Figure 12: pH Versus Standard Deviation

Figure 13: pH Versus Variance
Figure 17: pH measured versus Temperature
5.2 Turbidity Results:

Figure 14: pH versus Voltage

Figure 18: Turbidity versus pH
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observation can be taken as average of observation 1 to 10;
second observation can be taken as the average of
observation number 2 to 11 and so on. Resolving the energy
efficiency and power control by Energy efficient protocols,
conditioning circuits, compensation circuits, node clustering
algorithms, data aggregation schemes has to made. DASH7
Module can be used to cover large areas for communication.
To increase the number of sensors MUX can be used. The
signal conditioning circuits or RTD, DO, CONDCTIVITY
can be implemented by the Multisim schematics developed.

Figure 21: Turbidity versus Frequency

Figure 22: Frequency versus pH

Figure 25: Resistance Temperature Detector Signal
Conditioning Circuit

Figure 23: Turbidity versus Standard Deviation

Figure 24: Turbidity versus Variance

VI. CONCLUSIONS

Figure 26: Conductivity Sensor Signal Conditioning
Circuit

The sensor node observations are not error free.
Sensors like pH are having lot of errors in observation.
Parameters like pH are dependent on the temperature of the
water. The same water gives different pH values at different
temperatures. A temperature compensation circuit to
compensate the pH value with regard to temperature of the
water is developed. With GSM module it is observed that it
is having difficulty in its antennas, the SIM card can be
stolen. Multiple SIM cards with the same number can’t be
used to monitor from various stations.

VII. FUTURE WORK
In order to smoothen the observation (avoid errors),
moving window technique may be followed like taking the
average of 10 observations in each sample. The first
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Figure 27: Dissolved Oxygen Sensor Signal Conditioning
Circuit
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