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Among the important parameters in water quality, are the amount of
turbidity and the depth of light penetration in water. One common way to
determine water turbidity is to use a Secchi disk, but this method is time-
consuming and expensive, so an alternative method should be considered.
Deep learning methods can play an important role in this field. The purpose
of this study was to classify water quality based on turbidity and Secchi
disk depth using a convolutional neural network method implemented in a
Python programming environment. For this purpose, a simulated reservoir
was used in the laboratory and the turbidity was increased step by step by
increasing the clay in the reservoir water. Simultaneously with measuring
the depth of the Secchi disk and water turbidity, the samples were imaged.
These images were given to the convolutional neural network together with

the obtained data. The results showed that the convolutional neural network

with 300 epochs, can estimate the water quality class with 95% accuracy
and 93% kappa statistic, and it has only a 5% error rate.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

9 &

Introduction

Knowledge of water quality is essential for the
health of humans and living organisms. Turbidity
measurement is a key test to measure water
guality. Water turbidity causes filters to clog and
prevent them from working effectively, filling
reservoirs and pipes with mud and damaging
faucets and valves. Also, high turbidity causes
light scattering and in turn, reduces the process
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of photosynthesis of water-dependent plants. One
of the common methods of determining water
turbidity is using a Secchi disk, which is time-
consuming and expensive and depends on the
accuracy of the observer's reading. Therefore, it
is necessary to use an alternative method. Until
now, various methods have been used to measure
the water turbidity and the depth of the Secchi
disk. With the development of computing
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systems in recent years, artificial intelligence
methods have grown significantly and led to the
emergence of deep learning methods. In this
study, the convolutional neural network method
based on deep learning was used to classification
of water turbidity and the depth of the Secchi
disk.

Material and Methods

The present study was conducted to evaluate
water turbidity and depth of the Secchi disk
using images of laboratory samples. All the
experiments were done in the Environmental
Chemistry Laboratory, Tabriz University of
Medical Sciences located in Tabriz, Iran. To
measure the depth of the Secchi disk, a glass
reservoir with dimensions of 120 x 50 cm was
prepared. Then clay was added in different
amounts into the reservoir water. At each step,
by lowering the Secchi disk, the depth of the
Secchi disk was read, and the image was taken.
The turbidity of reservoir water was measured
using the AL250T-IR Turbidity Meter. Then
these read numbers were classified in certain
intervals. The classification of water turbidity
was based on the studies of Kamboj and Kamboj
(2019), which is presented in Table (1). The
depth of the Secchi disk measured based on the
classification of turbidity has been added to
Table (1).

Table 1 Classification of water turbidity and Secchi

After labeling, these images entered the
convolutional neural network. In order to obtain
better results and avoid the effect of light,
imaging was done in the same environmental
conditions. TES-1339R light meter was used to
measure the amount of ambient light. All images
were captured in the ambient light of Ix 320.4. A
Canon 1300D camera was used for imaging. 100
images were prepared and 20 images were placed
in each class, 70% of them were used for training
(14 images), 10% for model evaluation (2
images), and the remaining 20% (4 pictures)
were used for testing.

The results obtained from the deep learning
method were compared with the results obtained
from laboratory measurements. If the results are
close to each other, it means that the model
works correctly and has sufficient accuracy. In
this study, three numerical criteria (accuracy,
error rate, and Kappa statistic) and one graphical
criterion (confusion matrix) were used to
evaluate the model.

Results

This study used the CNN method to classify
water turbidity and depth of the Secchi disk. The
model was programmed using Python and the
TensorFlow deep learning library. This model
was implemented in Google Colab, which is an
online browser-based platform. The model was
implemented with 150, 200, 250, and 300

disk epochs, and the learning rate was obtained as
Secchi Disk ~ Turbidity ~Class  Water Quality le=5 through trial and error. The number of
Depth (cm) (NTU) neurons in each layer was extracted through trial
110-120 0-5 A Excellent and error, the number of which was 200 in the
100-110 5-10 B Acceptable first layer and 50 in the last layer. The results of
70-100 10-100 C  Slightly Polluted  model implementation for different epochs are
20-70 100-250 D Polluted presented in Table (2).
10-20 >250 E  Highly Polluted
Table 2 CNN results for different epochs
Test Train
. Time Epoch
Mistake Kappa Error Accuracy Kappa Error  Accuracy
number statistic rate statistic Rate
4 0.75 0.20 0.80 0.79 0.16 0.84 75s 150
2 0.87 0.10 0.90 0.93 0.03 0.97 80s 200
2 0.87 0.10 0.90 0.91 0.06 0.94 108s 250
1 0.93 0.05 0.95 0.94 0.03 0.97 118s 300

As shown in Table (2), the accuracy of the model
in the low epochs is low, and its error is higher.
Out of a total of 20 images for the test section, in
epochs of 150, 200, 250, and 300, respectively,
samples 4, 2, 2, and 1 were classified in the
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incorrect class. Imaging errors and the resulting
similarity between different samples of the
classes have caused these errors. In addition, the
only difference between turbidity images is their
RGB color, and there is no other indicator to
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distinguish them. The best performance is related
to the number of 300 epochs where the accuracy
of the model is around 95% and only 5% of the
data is incorrectly classified.

Conclusions

In this study, the classification of water turbidity
and depth of the Secchi disk based on deep
learning is presented, and the results are as
follows:

1. The results of the presented method are
consistent with the laboratory results obtained for
the classification of water turbidity and depth of
the Secchi disk.

2. The best results were obtained from the
implementation of the convolution neural
network with a number of epochs of 300.

3. According to the disturbance matrix in the
number of repetitions of 300, only one error is
misclassified, which is related to class C.

4. The presented method in laboratory conditions
is able to estimate the turbidity class of the water
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and the depth of the Secchi disk with an accuracy
of 95%.
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Fig. 1 Simulation reservoir to measure the depth of
the Secchi disk
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