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Abstract: The paper presents an 10T based intelligent lake
water quality measuring system that comprises of low cost
industrial grade sensors and off the shelf components along with
signal conditioning circuits that measure the important water
quality parameters such as DO, pH, TDS, and Temperature. The
data is pushed onto a dedicated cloud platform in real-time and
can be accessed through an online dashboard, as well as from an
android application on smart phones. The system is also
equipped with very important feature: the detection of abnormal
dynamic variation in measured parameters and anomaly alert
algorithm. The system firmware has intelligence that modulates
the data transmission rate to cloud for extending the battery life,
based on ambient lighting conditions and optimizes the rate in
case of anomaly in water quality parameters to optimize the use
of battery power. The system has two variants, the first variant
has a fixed structure that can be affixed to a structure at any
selected location preferably the shore, whereas the second one
has a floating structure that can remain afloat on the water
surface. System architecture is described and the measured
water quality parameters are presented of tests conducted at
multiple lakes in different weather conditions. The results have
been verified with standard laboratory test results and presented
here.

Keywords: 10T, Remote sensing, ambient lighting detection,
Dynamic transmission rate, Anomaly alert.

I. INTRODUCTION

Water is the most essential necessity for all lifeforms for their
survival. In this era of extensive deployment of industries in
rural as well as urban sectors, the waste management
techniques adopted by the industries has led to degradation of
the water quality of nearly all water bodies around the globe.
In most instances, water is extremely unfit not only for
drinking but also for all kinds of water use cases.

This paper describes an 10T based intelligent lake water
quality monitoring system that comprises of low cost industry
grade sensors and off the shelf components along with signal
conditioning circuits that measure the important water
quality parameters.
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The data is pushed onto a dedicated cloud platform in
real-time and can be accessed through an online dashboard,
as well as from an android application on smart phones.
The water quality parameters measured by this system are:
1. pH
pH is the scale used to determine the acidity (pH < 7) or
basicity (pH > 7) of water-based solutions. The pH for surface
water ranges from 6.5 to 8.5 and for groundwater is between
6.0 and 8.5. The ideal value of pH for potable water is
between 6.0 and 8.0.

2. Total Dissolved Solids (TDS)

Total dissolved solids (TDS) is a measure of the
dissolved particles present in a liquid. Ideal value of TDS for
potable water is less than 300ppm. The TDS must not exceed
900ppm.

3. Temperature
The ideal potable water temperature is 15°C.

4. Dissolved Oxygen (DO)

Dissolved oxygen in water bodies is essential for survival of
aquatic lifeforms.

DO sensor measures the oxygen dissolved in water as mg/L
or as a percent dissolved oxygen (%DQO). DO value for
healthy water must be above 6.5-8 mg/L or between
80-120%.

Il. SYSTEM ARCHITECTURE

The Lake water quality measuring system is equipped with
the following hardware elements:

A.Solar Panel

The solar panel has maximum output power of 50 Watts. The
values of output current and voltage at maximum power are
2.83A and 17.0V respectively.

B.Light Sensor

The Light sensor scans the ambient lighting conditions and
regulates the data transmission rate of the system
accordingly. It is a light dependent photo resistor whose
resistance is inversely dependent on the amount of light
falling on it.

C.Water quality measuring sensors

The sensors used are industrial grade sensors which have
very high precision and accuracy. The details are as follows:
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Fig 1: Block Diagram of Lake Water Quality Monitoring System
circuit. It consists of Gain Adjustment Potentiometer to
. adjust the gain of the output signal.
i.pH sensor ! g P g

It has a plastic body and a gel filled electrode. The sensor is
provided with a SREF+ or Ag/ AgCl reference system.

Its operating temperature range is between 0°C to 70°C and
operating pressure upto 6 Bar at 25° C.

ii. Temperature Sensor

It is a digital thermo probe which can measure temperature
between -55°C to +125°C. Its Stainless steel probe head
ensures high accuracy in harsh environmental conditions.

iii. Dissolved Oxygen Sensor

The sensor consists of a galvanic DO probe with PTFE
membrane. It operates within a temperature range of 1°C to
60°C and can measure dissolved oxygen ranging in between
0 to 100mg/Il with an accuracy of +/-0.05 mg/I.

iv. TDS sensor

The TDS sensor is a conductivity cell whose cell constant is
equal to 1.0 cm™. It has 2 electrodes and an in-built automatic
compensation.

D.Signal Processing Circuits

To amplify and filter the signals obtained from various
sensors, the Lake Water Quality Monitoring System is
equipped with the following signal conditioning circuits:

i. TDS Conditioning Circuit

It has an input voltage ranging in between 3.3 and 5.5V and
analog output voltage ranging between 0~2.3V. It is
compatible with any 5V or 3.3V controller. It uses an

AC excitation source which prevents probe from
polarization.

ii.pH Conditioning Circuit

The pH circuit requires an input voltage of 5.0V. Any pH
Sensor with a BNC Connector can be interfaced with this
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iii. DO Conditioning Circuit
The DO conditioning circuit has two point calibration and
supports any DO sensor with a galvanic probe.

E. Intelligence And Computing Unit
It comprises of following two microcontrollers:

i.Arduino Nano

It is a microcontroller board consisting of ATmega328
processor and has a small form factor. It has 8 analog input
pins and 22 digital 1/0O pins out of which 6 pins are PWM
pins and is based on AVR architecture.

ii.NodeMCU

NodeMCU Devkit 1.0 is microcontroller board with
ESP-8266 32-bit at its core. It has built in Wi-Fi providing
easy connectivity. It has 11 digital 1/0 pins, 1 analog input
pin and has a clock speed of 80 MHz .

I1l. CHALLENGES FACED AND ARCHITECTURAL
IMPROVEMENTS

The previous version of the system utilised a GSM module
in order to establish a connection with the cloud. In doing so
it consumed a lot of power. So, in order to extend the battery
life, the new version now consists of NodeMCU board
which has an in-built Wi-Fi module to connect with the
cloud, as it consumed significantly less power.

The previous version also consisted of an optical turbidity
sensor which no longer exists in the new version as it
required frequent cleaning in order to get acceptable results,
which was not feasible.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



International Journal of Engineering and Advanced Technology (IJEAT)

IV. SYSTEM FUNCTIONING

Fig 1 illustrates the block diagram of lake water quality
monitoring system. The sensors generate the data from the
water body in real-time and feed it to their respective signal
conditioning circuits, which perform the necessary
amplification and filtering on the raw data so as to make it
readable by the microcontrollers. The amplified data is then
fed to an Arduino Nano which employs different algorithms
to convert the raw data into meaningful values and is sent to
a NodeMCU. The NodeMCU then pushes the data onto a
dedicated cloud platform.

In order to extend the battery life, the NodeMCU frequently
measures the ambient lighting conditions from a light
sensor and optimizes the data transmission rate to the cloud.
The intelligence algorithm continuously scans for any
anomaly in water parameters and increases the data
transmission rate upon detection.

The system is self-powered and runs on solar energy
generated by a solar panel. A solar charge controller is
connected to the solar panel which charges a lithium
polymer battery, which in turn provides power to the whole
system.

Fig 2.b: Undeployed System  Fig 2.b: Deployed System

V. RESULTS AND VERIFICATION

Fig 2.a and Fig 2.b show the undeployed and deployed system
respectively. The system was placed in 3 different lakes of
Udaipur city, namely Fateh Sagar Lake, Pichola Lake, and
Govardhan Sagar Lake, over different periods of time and the
data was obtained. Samples were taken from these lakes in
order to verify the results of the system by getting these
samples tested at local laboratories, namely - Rahul
laboratories, Anachem research laboratories and Udaipur
Min-Tech Pvt. Ltd. By comparing the data obtained form the
system with that from the laboratory, it can be easily deduced
that the performance of the system is up to the mark.

Table 1 shows the comparison between the system’s results
versus those of local laboratories’.

Fig 3 shows the public dashboard which presents the live data
of the proposed system deployed in lakes.

Fig 4.a, 4.b, 4.c, 4.d depict the graphical data of the water
quality parameters available on the public dashboard.

Fig 5 shows the data available on the lake Monitoring
System’s Android App.
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Fig 3 : Public Dashboard Of The Lake Water Quality
Measuring System

Table 1 - Results Of The Proposed System Versus
Results Of Local Laboratories

Sample number Parameters System Laboratory
Results results
pH 6.89 6.98
Turbidity 14 NTU 15NTU
Sample 1
Dissolved 18 ppm 19 ppm
oxygen
pH 7.23 7.26
Turbidity 13 NTU 12 NTU
Sample 2
Dissolved 17 ppm 17 ppm
oxygen
pH 7.31 7.28
Turbidit 13 NTU 13NTU
Sample 3 uroidity
Dissolved 17 ppm 18 ppm
oxygen
pH
10.00
- 897898898895 5 o 9 8.978.988.99 568594893896 :.ff i::a :.;3:3.9 s.aas.ss&6 "
7.93
8.00 745 7.62
]é 6.96 7.03
7.00
6.00 5.71
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Fig 4.b: Graph For TDS Values On Dashboard
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Fig 4.c: Graph For Temperature Values On Dashboard
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Fig 4.d: Graph For DO Values On Dashboard
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Fig 5 : Data Available On The Lake Monitoring
System’s Android App
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