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A B S T R A C T

Algae are photosynthetic eukaryotes that may range from unicellular to multicellular forms. Algae have been
reported from almost all the ecological systems, including terrestrial, marine, and aquatic ecosystems. The
manual classification of algae is a time-consuming method and requires great efforts with expertise due to the
numerous families and genera. In the present study, an automated system is developed for the identification and
classification of the 16 algal families with a data set of 80,000 images by a modified ResNeXt CNN (Convolution
Neural Network) model. Cell differentiation by modified ResNeXt CNN topology is based on cell arrangement
and morphological features including area, width, shape, and length of the cell. An experimental result of
99.97% classification accuracy demonstrates the effectiveness of the proposed method. The present investigation
may open a new path in the future for the development of a time and a cost-effective, highly sensitive computer-
based system for the identification and classification of different algae.

1. Introduction

Water is a fundamental component of life [1]. But due to various
natural and anthropogenic activities, quality and quantity of water
bodies are reducing globally [2,3]. Harmful algal blooms (HABs) are
one of the major agents, affecting water quality due to their ability for
producing various toxins [4,5]. Algae are photosynthetic eukaryotes
that may range from unicellular to multicellular forms and produce a
wide range of bioactive substances in which some are classes of toxins
[6,7]. Various environmental conditions such as high concentrations of
nutrients, particularly phosphorus, high water temperature, long hy-
draulic retention time, stable water body stratification, etc., favor algal
bloom formation [8,9]. Regulatory and specialized agencies concerned
with public health have introduced specific water quality protocols
concerning algae for potable water. These risk management approaches
are based on hazard assessment by algal identification, determination,
and limitation of critical control points [10,11]. Therefore types and
threshold levels of algal species have become critical for ensuring
successful water management. As the manual identification of algae
requires expertise and great efforts, a computer-based automated
system with high accuracy may open a new path for the development of
time and a cost-effective approach [12]. The advanced machine
learning technique like deep learning is an emerging and effective tool

for the identification and differentiation of different algal genera. Si-
milar to manual identification, automated technique classifies algal
cells based on the morphological characters and parameters including
area, width, shape, and length of the cell [13].

For the last few decades some studies reported, different automated
models such as a convolutional neural network (CNN), neural archi-
tecture search (NAS), artificial neural networks (ANN), etc. for algal
identification. Promdaen et al. [14] demonstrate an automated re-
cognition system with computing texture descriptors, feature combi-
nation approach, and Sequential Minimal Optimization (SMO) for the
identification of 12 microalgae found in water resources of Thailand.
They confirmed the effectiveness of the method in terms of 97.22%
classification accuracy. Li et al. [15] demonstrate a promising and ef-
ficient solution via the Mueller matrix imaging system based on con-
volutional neural networks (CNNs) for the automatic classification of
morphologically similar algae. They worked on a data set contains
10,463 Mueller matrices and achieve 97% classification accuracy. De-
glint et al. [16] developed an innovative system with 96% accuracy for
classifying six algal genera using a pre-trained deep residual convolu-
tion neural network. Park et al. [13] developed an effective CNN model
for the classification of eight algal genera from watersheds with an F1-
score of 0.95. They conclude the automated system as an emerging tool
with high efficiency and rapid responses for monitoring algal events in
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Abstract
The present study aims to determine the impact of COVID-19 pandemic confinement on air quality among populous sites of four
major metropolitan cities in India (Delhi, Mumbai, Kolkata, and Chennai) from January 1, 2020 to May 31, 2020 by analyzing
particulate matter (PM2.5 and PM10), nitrogen dioxide (NO2), ammonia (NH3), sulfur dioxide (SO2), carbon monoxide (CO),
and ozone levels. The most prominent pollutant concerning air quality index (AQI) was determined by Pearson’s correlation
analysis and unpairedWelch’s two-sample t test was carried out to measure the statistically significant reduction in average AQI
for all the four sites. AQI significantly plummeted by 44%, 59%, 59%, and 6% in ITO-Delhi, Worli-Mumbai, Jadavpur-Kolkata,
and Manali Village-Chennai respectively. The findings conclude a significant improvement in air quality with respect to
reduction of 49–73%, 17–63%, 30–74%, and 15–58% in the mean concentration of PM2.5, PM10, NH3, and SO2 respectively
during the confinement for the studied locations. The p values for all of the four studied locations were found significantly less
than the 5% level of significance for Welch’s t test analysis. In addition, reduced AQI values were highly correlated with
prominent pollutants (PM2.5 and PM10) during Pearson’s correlation analysis. These positive results due to pandemic impris-
onment might aid to alter the current policies and strategies of pollution control for a safe and sustainable environment.
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Introduction

COVID-19 crisis is caused by coronavirus 2 (SARS-CoV-2),
a severe acute respiratory syndrome (Jandrić 2020). Currently,
India is undergoing a 4.0 phase of confinement and has
190,649 confirmed COVID-19 cases and 5406 deaths until
May 31, 2020 (covid19india.org). Confinement in India or

any part of the world ensures that all transportation, factories,
construction work, restaurants, and other social places should
be closed to follow the social distancing on a serious note.
These confinement phases not only help to control the spread-
ing of infection, but also offer improvement in planetary
health.

Air pollution is a major subgroup of environmental pollu-
tion which poses a serious threat to the ecosystem. The risk of
global sustainability can be reduced by controlling anthropo-
genic activities responsible for the emission of air pollutants in
the environment. India accounts for having one of the most
polluted capitals and cities within the globe (Guttikunda et al.
2019). During a study conducted by the Central Pollution
Control Board (CPCB), the Ministry of Environment, India
confirmed significant impact of 1-day confinement in the
country (March 22, 2020), named as “Janata Curfew” of
14 h from 7 a.m. to 9 p.m., on air quality in terms of reducing
pollutant level when comparedwith previous day data (Barkur
and Vibha 2020) (source CPCB, India).

Keeping in view the above, in the present study, impact of
COVID-19 confinement on air qualities among the populous
site of four major metropolitan cities in India (i.e., site 1—
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