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Chapter 1
A Comparative Study of Conventional
and Smart Farming

Nipun Katyal and B. Jaganatha Pandian

Abstract Agriculture is at the heart of all occupations in developing countries, and
with developing technologies, the application should be cost-effective and efficient.
The proposed setup includes low-cost moisture, temperature sensors for optimizing
water usage and yield, and radar sensors for monitoring any invasion in the farm.
The setup is aimed to provide a study a miniature setup representing smart agri-
culture including smart water management with consistent monitoring for weather
conditions in the present and future. An intelligent invasionmonitoring systemwhich
can indicate animals or specifically pests invading the fields. This setup represents
a part of a grid which will be utilizing solar power to prevent periodic replacements
of batteries, and for this purpose, a solar panel will be used in the miniature farm.
The main objective is to provide a comparative study of smart farms to conventional
farms; these smart farms employ machine learning algorithms in real time to tackle
problems related to water and energy. The Internet of things and machine learning
have been advancing industrial purposes in each and every way, and finding its way
in agriculture is still difficult due to the expenses which might not be affordable for
a farmer. This research is a step toward efficient yet cost-effective farming.

Keywords Smart farming · Arduino · DHT11 · Soil moisture sensor · Neural
network · Internet of things

1.1 Introduction

The aim of this research is to provide an approximate comparison between conven-
tional farming methods and smart farming methods. The competition among these
methods is defined under water usage as well as energy usage. The first experiment
is to test the usage of water for both the methods, where the process of irrigation is
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2 N. Katyal and B. Jaganatha Pandian

determined by human in the conventional method and a neural network in the pro-
posed method, which is implemented for conventional farming as a certain amount
water given to the crops with little or no intervention by the farmer on the possibility
of rain while for smart farming a neural network is deployed which takes as input the
humidity and temperature, and returns the chances of rainfall. This data is checked
with the soil moisture at that point, and the decision to whether the crops should
be watered or not is taken depending on the type of crops. The second experiment
determines the power consumption for both conventional and smart farming, as it is
obvious that the cost of smart farms is an issue, getting the most out of it is essential
so that the invested amount is covered as soon as possible. The energy consumptions
of smart farms will be comparable to normal farms although we still want a ratio so
as to know what we are getting.

The idea behind the setup is having a grid of sensors all connected to the control
room through the internet. At each of the grid point, we have a humidity sensor, a
temperature sensor, and a soil moisture sensor. These sensors will send real-time data
to the control room. The control room also receives information about the weather
forecast and will primarily depend on the percentage of precipitation abbreviated
as PoP. The functioning of the system is that the input, which is the humidity and
temperature reading from the farm, is used to find out the chances of rain in the near
future and a threshold can decide when should the crops be watered and how much
water should be used. The system employs neural networks to create a lookup table
between humidity, temperature, and probability of precipitation. The neural network
is trained for a particular season and is updated simultaneously, while it is being used
to optimize water consumption. The aim of using neural networks is that if any other
parameter is to be added in, along with the existing inputs, the solution will just be
another set of weights with minimal changes in the existing weight. The first part of
the research is acquisition of the data set, and the second part is testing. The concept
of a sensor sticks in [1] uses a soil moisture and a temperature sensor which has
been extended to a sensor grid. In [2], the different conditions required for a crop
to flourish are documented which can be used for the neural network training. Since
we are using a sensor grid, the data can be handled as mentioned in [3]. Wolters
et al. [4] include the different parameters that can be included in the computation.
ImplementingGSMmodules as in [5] to create awireless sensor network is an energy
efficient solution, but the speed provided by a GSM module is not required at that
level. The concept of a control room to monitor the data as well as taking suitable
actions is provided by [6]. In [7], the use of an app to monitor data from the field
is implemented using MySQL database which can be formed using the concept of
big data. The microcotroller unit is interfaced with the help of arduino forum [8] and
sensor data sheets provided by adafruit industries [9].
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Fig. 1.1 DHT 11
Temperature and Humidity
Sensor

1.2 Preparation of Setup

The acquisition of data to train the neural net as well as to update the weight with
the changing weather conditions is taken live from the field and stored, to convert
the physical conditions to voltage values we need a transducer, it is done through
a simple humidity and temperature sensor-DHT11 by Adafruit and a soil moisture
sensor. These sensors are described in detail below.

1.2.1 Humidity and Temperature Sensor-DHT11

The DHT11 sensor has a low power requirement and works on 3 V with a sampling
period not less than 1 s. The range of the sensor lies between 0 and 50 °C for tem-
perature and 20–90% of relative humidity. The accuracy for humidity is ±5% RH
and for temperature is±1 °C. These specifications are well suited for our application
and are compatible with 8-bit microcontroller units. The working of the sensor is
based on a resistive-type humidity measurement and a negative temperature coef-
ficient measurement portion. The most important feature of this sensor is the high
reliability and long-term stability (Fig. 1.1).
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Fig. 1.2 Soil moisture
sensor

1.2.2 Soil Moisture Sensor

The soil moisture sensor is another low power sensor which utilizes 5 V to operate
and typical current of 300–700 mA. The sampling period has been set in sync with
the former sensor as 1 s. The working of this sensor is based on the measurement of
capacitance between the two plates. The sensor output voltage is directly proportional
to the dielectric permittivity and hence the water content (Fig. 1.2).

1.2.3 Arduino MCU

This Arduino works on ATmega 2560 which has 54 digital pins and 16 analog pins,
out of which 2 will be used for our sensors. It has a clock speed of 16 MHz and a
dc current of 20 mA per pin. This microcontroller has been chosen for its low power
consumption and support of serial communication protocols in practical applications
where instead of a single sensor we have a grid of sensors, and each sensor will be
connected to a bus. The identifier assigned to each of the sensors will then determine
the parameter value in the proximity of that sensor (Fig. 1.3).

1.3 Training of the Neural Network

A neural network is analogous to the human brain with the cell body as the summing
point of all the signal entering it from other neurons. The cell triggers when the
threshold has been reached. The signals then travel down the axon and reach the
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synapse where they are multiplied with the weights. Neural network learns when
these weights are modified in a way that the error between the true output and the
computed output is the least. The data acquired from the sensors in the field and
weather forecast is used to train the neural network consisting of two inputs neurons,
five hidden neurons, and one output neuron. The input variables are humidity and
temperature in the field, and the output variable is the percentage of precipitation.
The values will be compared with the values of the chances of raining from a trusted
weather forecast data. The soilmoisture data has no part in the neural network training
but will give us the amount of water in the soil. The neural network is simulated using
MATLAB, choosing the problem as a mapping from input to output feedforward
network, although the use of a feedback network which will compare the computed
percentage of precipitation with the data acquired from the forecast will increase the
accuracy of the net. The reason behind not using the weather forecast data directly
is that it is indicative of a generalized percentage, but the one we calculate from the
neural network will be very specific and will include the effect of nearby industry
emissions. The method used for minimizing the error in the cost function is scaled
conjugate gradient method because it uses less memory and stops when the mean
squared error stops decreasing.

1.3.1 Sample Data Set

This data set is one of many data sets on which we have trained the neural network.
The samples show the variance of temperature, humidity, and soil moisture during
the day. The output of the neural network, that is, the percentage of precipitation has
been taken from the weather forecast for that particular time instant (Figs. 1.4 and
1.5).

Fig. 1.3 Arduino Mega 2560
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Fig. 1.4 Temperature readings from the field

Fig. 1.5 Humidity readings from the field

1.4 Testing of the Neural Network

The neural network was tested on a variety of data set acquired during day and night
with the accuracy of 76% and can be improved by adjusting the number of weights
or in other words number of hidden neurons in the network. The neural network
will have to be trained again and again as the seasons change and as the effect of
pollutants increases, keeping in mind that it is just an approximation by a machine,
human intellect can still overcome it by giving the person in-charge in the control
room to have a provision to control the setup.
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Fig. 1.6 a Infiltration rate for different kinds of soil. bWater requirement for crops under different
weather conditions. c Water requirements by different crops

1.5 Optimization of Water Usage

The percentage of precipitation calculated on the basis of humidity and temperature
using the neural network is used as a future reference whether the crops should be
watered or not. There are different soil moisture levels, and different kinds of soils
have different infiltration rate (Fig. 1.6).

The advantage of using a neural network is that another custom factor can be
included in the network. Thus, adding a feature will yield better results and use water
more optimally. The crop yield will also be higher and of better quality. Furthermore,
the characteristics of the soil can be determined on the rate at which the water seeps
down the soil or the infiltration rate.

1.6 Conclusion

Although the availability of water is an issue in both the cases, but having a limited
amount of water and using it optimally can be achieved only through smart farming.
The conventional farming methods are dependent on the capability of the farmer on
how well can he determine whether the crops are in need of water, or the soil need to
be manured because the top layer has changed in its composition, or is not suitable
for the particular crop. On the other hand, smart farming can provide additional
information about the soil and the changing weather conditions and save water in
the best way. A farmer without the support of these new techniques would be no
different from a farmer from the last century with similar machinery and the same
farming techniques going down through generations. Everything is on the basis of a
wild guess with no involvement of science. Using smart farming does not imply the
elimination of human intellect but as an add-on to the benefits of having a system
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that depends on the present and future conditions and produces a better yield. As
the conventional farming is subjective and will vary from place to place, there is
no definite comparison, while smart farming brings out the best possible solutions
according to the place and the present conditions.
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Chapter 2
Evolutionary Relationship
of Penicillin-Binding Protein 2 Coding
penA Gene and Understanding the Role
in Drug-Resistance Mechanism Using
Gene Interaction Network Analysis

Sravan Kumar Miryala , Anand Anbarasu and Sudha Ramaiah

Abstract The class A β-lactamase penA gene codes for penicillin-binding protein
2 (PBP2) which plays an important role in assembling the peptidoglycans on the
outer side of the plasma membrane. The alteration in the structure of PBP2 protein
makes the pathogen to gain resistance against penicillin. Thus, it is important to
understand the role of drug-resistant mechanism by penA gene to develop potent
drugs against penicillin-resistant pathogenic strains. In our study, we have used gene
interaction network analysis of penA gene in various bacteria to understand its role
in drug-resistant mechanisms. We have collected a total of 1039 interactions from
28 organisms available from STRING database. The penA gene interaction network
was constructed using Cytoscape 3.6.1. The network analysis has shown that, along
with penA gene, the genes murG, ftsW, murC, ftsA, and ftsQ are observed to have
more number of interactors and they may be considered as the key candidates to
understand the penA drug-resistant mechanism. Functional enrichment analysis has
shown the important GO terms and pathways where penA gene plays an important
role. We have also elucidated the evolutionary relationship of penA gene in various
Gram-positive and Gram-negative bacteria. Our study helps in understanding the
drug-resistant patterns of penA gene in various bacteria and also their evolutionary
relationships.

Electronic supplementary material The online version of this chapter
(https://doi.org/10.1007/978-981-13-7968-0_2) contains supplementary material, which is
available to authorized users.
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Keywords Penicillin-binding protein 2 · penA gene · Antimicrobial resistance ·
Gene interaction network · Functional enrichment analysis

2.1 Introduction

Multidrug resistance (MDR) in pathogenic bacteria is a serious problem and becomes
a public health threatworldwide.MDR in bacteria occursmainly by the accumulation
of antimicrobial-resistant (AMR) genes on resistance plasmid or transposons. In
general, AMR genes code for resistance to a specific agent, but when the genes
accumulate in bacterial plasmid, the bacteria show resistance to multiple drugs and
make the treatment more critical [1]. Penicillin-binding proteins (PBPs) are one
among such a class of proteins which shows reduced susceptibility to penicillin
and other beta lactams. Penicillin-binding proteins (PBPs) are the enzymes that
assemble the peptidoglycans, which are the main constituents of the cell wall on the
outer side of the plasma membrane and help the bacteria to resist the intercellular
pressure caused by any external factors such as antimicrobial drugs. Because of the
important role in cell wall maintenance, PBP proteins are considered as the major
molecular targets for β-lactam antibiotics. The β-lactams such as penicillin inhibit the
transpeptidase activity and thus inhibit the peptidoglycan cross-links in the bacterial
cell wall [2, 3]. The pathogens acquires resistance to β-lactam drugs by developing
more strategies and makes the treatment difficult and cause life threatening disease.
Several studies have reported that the alterations in the structure of PBP proteins are
the reason for the resistance to penicillin [4, 5]. The β-lactam resistance in Gram-
positive bacteria is via two main mechanisms: One mechanism is by enzymatic
degradation through the production of β-lactamases, and other mechanism is by the
decreasing the affinity of the antibiotics for its target [2], whereas in the Gram-
negative bacteria, the β-lactamase-mediated resistance is due to either acquisition of
new genes or themutations affecting the expression of its chromosomal β-lactamases
[6].

In our present study, we have analyzed the gene interaction network of the
extended spectrum beta lactamase (ESBL), penA gene. penA gene belongs to the
class A of beta lactamases and codes for the protein, penicillin-binding protein 2
(PBP2). Various studies have confirmed that penicillin resistance due to penA alleles
has been arisen from either recruitment of sequence blocks from natural resistance
species or by point mutations such as codon insertion or substitution [3]. The gene
interaction network (GIN) approaches are becoming famous and drawing the sci-
entific community attention and are considered to be the more reliable approach
to study the antimicrobial-resistant mechanisms in pathogenic bacteria. The GIN
analysis in AMR genes provides new insights to various drug-resistant mechanisms
by analyzing the AMR genes along with their functional partners [7–11]. We have
also collected the penA protein sequences from various bacterial strains and con-
structed the phylogenetic tree to understand the phylogenetic relationship between
the bacterial penA gene among the bacteria.We have collected functional interactions
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of penA gene from both Gram-positive and Gram-negative bacteria and constructed
gene interaction network to understand themolecular-level interactions of penA gene
with the functional partners. We further analyzed the functional enrichment of genes
in the network to understand the role of penA gene along with its functional partners.
We have also constructed a phylogenetic tree of penA gene from different bacteria
to understand the evolutionary relationship between various bacterial species. Our
results will be helpful in better understanding the role of penA gene in drug-resistant
mechanism in various pathogenic bacteria. The genes which play an important role
in various biological pathways were reported, and they can be useful as potent drug
targets in new drug discovery.

2.2 Materials and Methods

2.2.1 Gene Interaction Data Curation from STRING
Database

We have collected the penA gene interactions from STRING database from differ-
ent Gram-negative and Gram-positive bacteria. STRING databases consist of pro-
tein–protein interactions curated fromvarious sources such as high-throughput exper-
imental data, data mining, literature survey, and co-expression analysis studies. All
the interactions are broadly classified as direct (physical interactions curated from
laboratory techniques) and indirect (functional associations extracted from com-
putational prediction). Each interaction is provided with a confidence score that
lies between 0 and 1. Each interaction further classified based on the confidence
scores as highest (≥0.90–1.0), high (≥0.70–0.89), medium (≥0.40–0.69), and low
(≥0.15–0.39) [12].

2.2.2 Interaction Network Construction

Wehave usedCytoscape 3.6.1 for the gene interaction network construction and anal-
ysis. Cytoscape is an open-source visualization tool used for constructing molecular
interaction networks and biological pathways. Cytoscape tool comes with the core
distribution with basic features for data integration, visualization, and analysis. The
additional features such as network and molecular profiling analysis, new layouts,
additional file format support, and cross-reference with databases can be available
as Cytoscape plugins or apps [13].
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2.2.3 Clustering Analysis

Clustering analysis of interacting network was carried out by using Cytoscape plugin
MCODE. MCODE is based on molecular complex detection (MCODE) algorithm.
The algorithm operates mainly in three different stages such as vertex weighing,
complex prediction, and optionally postprocessing. In an interaction network, every
vertex is a molecule and edge is an interaction between the molecules. Based on the
type of data used, the graphs are divided into direct (known cell signaling and known
pathways) and indirect graph [14].

2.2.4 Shortest Path Length and Closeness Centrality Analysis

The interaction network of penA gene was analyzed by using Cytoscape app Net-
workAnalyzer. It is used to compute and display topological parameters such as
a number of nodes, connecting edges, the network diameter, density, radius, cen-
tralization, heterogeneity, clustering coefficient, the characteristic path length, the
distribution of node degrees, neighborhood connectivity, average clustering coeffi-
cients, and the shortest path lengths. It helps in analyzing both the types of networks
(directed and undirected) and also allows to construct the intersection or union of
two networks [15].

2.2.5 Phylogenetic Tree Construction

For the phylogenetic tree construction, we have usedMEGA7. The phylogenetic tree
construction involves in multiple sequence alignment (MSA) using MEGA inbuilt
tools ClustalW or MUSCLE and followed by the constriction of phylogenetic tree
from the aligned sequences. The gaps and the missing data from all the positions
were removed from phylogenetic analysis. For phylogenetic tree construction, there
are various methods used such as neighbor-joining method, maximum likelihood
method, evolutionary distance method, and maximum parsimony method [16].

2.3 Results

2.3.1 penA Gene Interaction Network Analysis

Network analysis of penA gene along with the functional partners was done using
STRING database. A total of 144 penA gene interactors with 1039 functional
interactions from 28 bacterial strains were curated with medium (>0.4) confidence
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scores. Out of 28 bacterial species used in this study, 20 belong to Gram-negative
(Achromobacter piechaudii, Ahrensia sp. R2A130, Bordetella petrii, Burkholderia
cenocepacia, Burkholderia mallei, Burkholderia pseudomallei, Campylobacter coli,
Campylobacter jejuni 414, C. jejuni 81176, C. jejuni NCTC11168, Collimonas fun-
givorans, Kingella kingae, Legionella pneumophila Paris,Neisseria lactamica, Neis-
seria meningitidis, N. C102, Neisseria sp. F0314, Oligotropha carboxidovorans,
Oxalobacter formigenes OXCC13, Rhodopseudomonas palustris CGA009) and 8
belong to Gram-positive (Brevibacillus laterosporus, Lactobacillus antri, Saccha-
ropolyspora erythraea, Streptococcus oralis ATCC35037, Streptococcus pneumo-
niae D39, S. pneumoniae R6, S. pneumoniae TIGR4). A list of interactions from
each bacterial species is provided in Table 2.1. There are no significant interactions
with medium and above confidence scores available in STRING for the bacterial
species A. piechaudii. To obtain the maximum number of penA gene interactors
from all the possible bacteria, we have curated the low confidence score interactions
in the case of A. piechaudii (Fig. 2.1). Out of 1039 functional interactions, there are
522, 269, 229, and 19 belong to highest, high, medium, and lowest confidence scores,
respectively. Out of 144 functional interactors, 130 directly interact with penA gene
and are highlighted in red color in the network (Fig. 2.2).

Fig. 2.1 List of penA gene interactions collected from STRING database for different organ-
isms. The interactions are given scores as highest (≥0.90–1.0), high (≥0.70–0.89), medium
(≥0.40–0.69), and low (≥0.15–0.39) confidence scores. Out of 28 bacterial species, 27 have inter-
actions with medium and above medium confidence scores. In A. piechaudii, we have collected
interactions with low confidence scores as there are not many interactions above the medium con-
fidence scores
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Table 2.1 List of bacteria along with the number of interactions extracted from STRING database

Organism Combined score Total number
of interactionsHighest (0.9–1) High

(0.7–0.89)
Medium
(0.4–0.69)

Oxalobacter
formigenes
OXCC13

51 4 0 55

Ahrensia sp.
R2A130

33 10 11 54

Neisseria mucosa
C102

28 14 11 53

Neisseria sp. F0314 24 11 17 52

Neisseria lactamica 25 15 11 51

Brevibacillus
laterosporus

21 21 7 49

Lactobacillus antri 31 10 7 48

Streptococcus
pneumoniae D39

18 20 10 48

Streptococcus
pneumoniae R6

34 9 5 48

Oligotropha
carboxidovorans

26 9 12 47

Weissella cibaria 35 4 8 47

Campylobacter coli 25 12 9 46

Neisseria
meningitidis

26 11 9 46

Streptococcus oralis
ATCC35037

34 8 4 46

Kingella kingae 23 11 11 45

Streptococcus
pneumoniae TIGR4

16 22 6 44

Campylobacter
jejuni 81176

20 14 5 39

Campylobacter
jejuni NCTC11168

22 12 3 37

Campylobacter
jejuni 414

16 13 5 34

(continued)



2 Evolutionary Relationship of Penicillin-Binding Protein 2 … 15

Table 2.1 (continued)

Organism Combined score Total number
of interactionsHighest (0.9–1) High

(0.7–0.89)
Medium
(0.4–0.69)

Legionella
pneumophila Paris

0 21 11 32

Achromobacter
piechaudii

1 2 1 4

Saccharopolyspora
erythraea

4 7 9 20

Burkholderia
pseudomallei

3 6 8 17

Rhodopseudomonas
palustris CGA009

1 1 14 16

Bordetella petrii 3 0 12 15

Collimonas
fungivorans

1 2 10 13

Burkholderia
cenocepacia

1 0 7 8

Burkholderia mallei 6 0 0 6

The interactions are classified as highest, high, and medium based on the confidence scores. Out
of 29 bacterial species, 28 have interactions with medium and above medium confidence scores.
But there are no interactions with desired confidence scores available in the bacterial species A.
piechaudii

2.3.2 Network Analysis Using NetworkAnalyzer

NetworkAnalyzer is used for network analysis of penA gene. For each node, individ-
ual centrality scores, along with the average shortest path length and degree, were
given (Supplementary File S1). Among the 145 genes used in the study the top 20
genes with direct interactions (degree), average shortest path length score, closeness
centrality, and between centrality scores have been provided in Table 2.2. All the 145
nodes are arranged in 3 layers based on the number of individual direct interactions.
There are 37 nodes with more than 10 interactions, 53 nodes with interactions in
between 05–10, and 45 nodes with less than 05 direct interactions (Fig. 2.3).

2.3.3 Clustering Analysis Using MCODE

MCODE has been resulted in 12 highly interconnected clusters. Out of 145 genes
used in the interaction network, 90 genes were included in 12 clusters and the clusters
are named as C1–C12. We have used default MCODE parameters for filtration of
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Fig. 2.2 penA gene interaction network along with the functional interactors. Genes are clus-
tered into 12 densely interconnected clusters (C1–C12) using Cytoscape MCODE. For easy iden-
tification, penA gene is given in blue color, red-colored nodes are the direct interactors of the penA
gene, and those nodes which are not direct interactors have given green color

nodes and edges. Among the clusters, there are only C1, C3, and C5 clusters having
more than 15 nodes. The penA gene was included in cluster C1, and it consists of 19
nodes and 171 edges with 13.44 MCODE score (Table 2.3).

2.3.4 Functional Enrichment Analysis Using STRING
Database

All the genes from 12 clusters are analyzed for the functional enrichment of genes
usingSTRINGdatabase.VariousGO terms such as biological processes (BP),molec-
ular functions (MF), and cellular components are enriched along with the KEGG
pathway-related genes, PFAM, and InterPro domain-related genes. Out of 145 genes,
49 genes are enriched inBP,MF,CC,KEGG, PFAM, and InterPro domains (Fig. 2.4).
The clusters C2, C6, and C12 have been observed with no significant enrichment
results (Supplementary File S2). Cluster C1 consists of genes related to mur ligase
family-related genes and peptidoglycan synthase-related genes. The enriched GO
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Table 2.2 Network analysis using NetworkAnalyzer tool

Genes Degree Avg. shortest path
length

Closeness centrality Betweenness centrality

penA 142 1.125926 0.888158 0.767209

murG 75 1.62963 0.613636 0.056708

ftsW 68 1.681481 0.594714 0.036728

murC 52 1.792593 0.557851 0.018124

ftsA 48 1.807407 0.553279 0.01702

ftsQ 36 1.881481 0.531496 0.006286

mrdB 35 1.859259 0.537849 0.00867

murE 34 1.874074 0.533597 0.007444

pbp1A 29 1.874074 0.533597 0.00944

rodA 29 1.881481 0.531496 0.006594

dacA 27 1.888889 0.529412 0.008643

divIB 27 1.888889 0.529412 0.007284

mtgA 24 1.940741 0.515267 0.005793

murF 24 1.962963 0.509434 0.002863

mraW 23 1.962963 0.509434 0.001896

murD 23 1.925926 0.519231 0.002166

mraY 22 1.948148 0.513308 0.000697

pbp2A 19 1.933333 0.517241 0.003368

pbpB 19 1.925926 0.519231 0.013447

mpl 18 1.985185 0.503731 0.002688

The top 20 geneswith the degree, average shortest path length, closeness centrality, and betweenness
centrality scores are given. The average shortest path length gives the expected distance between
the two connected nodes, and genes with shortest path length and high closeness centrality are
considered as the controlling points of molecular communication. Smaller edge betweenness values
indicate the stronger interactions

terms include the BP such as regulation of cell shape (GO.0008360), peptidogly-
can biosynthetic process (GO.0009252), cell wall organization (GO.0071555), cel-
lular component biogenesis (GO.0044085), nitrogen compound metabolic process
(GO.0006807), MF acid-amino acid ligase activity (GO.0016881) and various CC’s
related to cell (GO.0005623), cell part GO.0044464), intracellular (GO.0005622),
cytoplasm (GO.0005737). PFAM and InterPro domains such as mur ligase family,
glutamate ligase domain cell cycle protein related are enriched in cluster C1. The
genes mraY, mraZ, murC, murD, murG, and rsmH are found in multiple GO terms
and protein domain-related enriched entities.

In cluster C3, there are no significant GO terms enriched, but the genes
related to PFAM, InterPro domains related to transglycosylase (PF00912),
penicillin-binding protein transpeptidase domain (PF00905), d-alanyl-d-alanine
carboxypeptidase, penicillin-binding protein 5-C terminal domain (PF07943),
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Fig. 2.3 penAgene interactions:All the 145nodes are arranged in three layers basedon the number
of individual direct interactions. penA gene is denoted with octagonal red color node followed by
37 nodes with more than 10 interactions in hexagonal blue color node followed by 53 nodes with
interaction in between 05 and 10 in rounded edge rectangular green color nodes and 45 nodes with
less than 5 direct interactions

beta lactamase/transpeptidase-like (IPR012338), glycosyl transferase family 51
(IPR001264), and penicillin-binding protein transpeptidase (IPR001460) were
enriched. The cluster C4 genes are enriched with the KEGG pathway peptidogly-
can biosynthesis (KEGG ID: 550) along with PFAM and InterPro domains related
to penicillin-binding protein transpeptidase domain and transglycosylase related
domains. In cluster C5, the BPs related to regulation of cell shape (GO.008360)
and peptidoglycan biosynthetic process (GO.009252) and KEGG pathways such as
peptidoglycan biosynthesis (KEGG ID: 550) and beta lactam resistance (KEGG ID:
312) were enriched. Along with protein domains related to penicillin-binding protein
dimerization, penicillin-binding protein transpeptidase was also enriched. Whereas
in cluster C7, cell cycle protein-related PFAM and InterPro domains are enriched.

In cluster C8, KEGG pathways beta lactam resistance (KEGG ID: 312), pepti-
doglycan biosynthesis (KEGG ID: 550), and protein domains related to penicillin-
binding protein dimerization and penicillin-binding protein transpeptidase domains
were enriched. In cluster C9, the KEGG pathways penicillin and cephalosporin
biosynthesis (KEGG ID: 311) and biosynthesis of secondary metabolites were
enriched. The protein domains penicillin amidase, penicillin acylase, and nucleophile
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Table 2.3 Clustering analysis of penA gene interactions

Cluster Score Nodes Edges Node IDs

C1 13.444 19 171 ftsA, ftsQ, mraW, mraZ, R2A130_2357, murE, murF,
penA, ftsW, mraY, mrdB, murG, murC, murD,
HMPREF0604_01413, HMPREF0604_01412,
R2A130_1435, R2A130_0935, HMPREF0604_00930

C2 7 7 21 lpp0928, lpp2176, lpp2627, lpp1127, lpp2909, lpp1108,
celC

C3 5.143 15 37 divIB, HMPREF8579_0389, HMPREF8579_0643,
ponA_1, pbp1A, pbp2A2, pbpB, HMPREF8579_0870,
ponA_2, dacA, pbpF, HMPREF8579_0935,
SMSK23_1643, pbpC, HMPREF0494_0613

C4 4.5 5 9 OCAR_5242, OCAR_6617, OCA5_c14490,
OCAR_5243, dacA1

C5 4 16 30 mtgA, ddl, dnaB2, ftsI, pbpG, pbpF_2, BRLA_c04410,
rodA, dacC, pbp1b, SPD_0952, pbpX, pbpD, pbpA,
pbp2A, SPD_0706

C6 4 4 6 HMPREF0004_4281, bcfA, fimC, HMPREF0004_4419

C7 3.6 6 9 SP_0369, SP_0690, SpneT_02000671, SP_0803,
SP_1067, SpneT_02000892

C8 3 3 3 BPSL3031, BPSS1240, BPSS1219

C9 3 3 3 BPSS0200, BPSL1710, BPSL0730

C10 3 3 4 pepA, RPA3685, polA

C11 3 3 3 Bpet2419, Bpet2417, Bpet2418

C12 2.8 6 7 glsA, SACE_3877, SACE_5325, pepB, SACE_1373,
SACE_1030

MCODE has resulted in 12 densely interconnected clusters. Each cluster along with the MCODE
scores, nodes, and edges is provided. Clusters are named as C1−C12 for convenience

aminohydrolases related PFAM and InterPro domains were enriched. In cluster C10
there is only one KEGG pathway glutathione metabolism (KEGG ID: 480) was
enriched. In cluster C12, the KEGG pathways penicillin and cephalosporin biosyn-
thesis (KEGG ID: 311), beta lactam resistance (KEGG ID: 312), and glutathione
metabolism (KEGG ID: 480) were enriched along with cytosol aminopeptidase fam-
ily domains and beta lactam transpeptidase-like domains.

2.3.5 Phylogenetic Tree Construction and Analysis

We have collected the protein sequences for penA gene for 28 bacterial strains. Out
of 28 bacterial strains, we have collected available 23 protein sequences from NCBI
GenBankdatabase.ByusingMEGA-muscleMSA tool,wehave aligned the 23 amino
acid sequences. We have used the aligned sequences for constructing phylogenetic
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Fig. 2.4 penA gene interaction network functional enrichment analysis: Out of 145 genes in the
network, 49 genes are functionally enriched with biological processes, molecular functions, cellular
compartments, KEGG, PFAM, and InterPro domain-related genes. All the 49 enriched genes are
highlighted in red color

tree (Fig. 2.5). We have used neighbor-joining method with the bootstrap consensus
tree inferred from 1000 replicates. The evolutionary distances were computed using
the poisson correction method and are in the units of the number of amino acid
substitutions per site. All positions containing gaps andmissing datawere eliminated.
There were a total of 207 positions in the final dataset.

2.4 Discussion

Multidrug resistance exerted by the pathogenic bacteria has become a global threat
for treatment. PBP proteins assemble at the cell wall of the bacteria and help bacteria
to resistant the intracellular pressure caused by external agents such as antimicrobials.
In our present study, we have used PBP protein-coding gene penA to understand the
molecular-level interactions of PBP in various bacteria. Themutation in penA gene is
associated with the resistance to tetracycline/azithromycin, spectinomycin, and cef-
triaxone. In N. gonorrhoeae, the mutation (insertion of aspartate at 345 position) in
penA gene along with the ponA, gyrA, and parC genes determines the susceptibility
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Fig. 2.5 Phylogenetic analysis of penA related proteins: Out of 28 bacteria, we have curated
23 available protein sequences and multiple sequence alignment is carried out by using MEGA7-
muscle MSA program. The evolutionary history was inferred using the neighbor-joining method.
The optimal tree with the sum of branch length = 9.64624886. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to
the branches

to penicillins, tetracyclines, and fluoroquinolones [17, 18]. In our results, we have
observed that the penA gene with 142 total interactions constitutes 13.66% of total
interactions in the whole interaction network followed by murG (75 interactions;
7.22%), ftsW (68 interactions; 6.54%), murC (52 interactions; 5%), ftsA (48 inter-
actions; 4.62%), and ftsQ (36 interactions (3.46%). Along with the penA gene, these
five genes constitute 40% of total interactions from the whole interaction network.
With the maximum number of direct interactions, these nodes may be considered to
have a high impact on the network; thus, these can be considered as functional hub
nodes and further used as potent drug targets.

The functional enrichment analysis of genes in the interaction network has been
shown that the penA gene along with the functional interactors is mainly responsi-
ble for peptidoglycan biosynthesis, mur ligase synthesis, β-lactam resistance, and
glutathione metabolism. It is well known that Gram-positive and Gram-positive bac-
terial peptidoglycan composition is similar, while Gram-positive bacteria consist of
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more thick and cross-linked peptidoglycan layer. Peptidoglycan is the main com-
ponent of the bacterial cell wall, and it plays a key role in cell shape maintenance,
facilitates the attachment for surface-exposed virulence factors, and avoids the mod-
ification in internal osmotic pressure. Thus, peptidoglycan biosynthesis mechanism-
related genes are the preferred targets in the discovery of new antibiotics for many
decades. The antibiotic-resistant mechanisms developed by the pathogenic bacteria
against the antibiotics that targets the precursors of bacterial cell wall and biosyn-
thesis machinery-related genes draw the attention of research community in over-
coming the resistance strategies exhibited by the pathogens. There is an immediate
necessity to study the resistance strategies and identify the new potent drug tar-
gets [19]. In our present study, we have observed the genes OCAR_5243, dacC,
BPSL3031, OCAR_6617, ddlB, BPSS1219, ftsI, BPSS1240, mtgA, and pbpA are
related to peptidoglycan biosynthesis, and these genes are found to have more dense
interactions within the network. There are many clinically used antibiotics, espe-
cially various β-lactams, glycopeptides, fosfomycin, and cycloserine, which targets
the genes involved in peptidoglycan biosynthesis pathway. Although the amide lig-
ases (murC, murD, murE, andmurF) play an important role in peptidoglycan biosyn-
thesis by catalyzing the non-ribosomal peptide bond formations for the addition of
peptide moiety on the peptidoglycan blocks, there are no antibacterial agent targets
these amide ligases [20, 21]. In our results, the amide ligase-coded genes murC,
murD, murE, and murF are enriched with Pfam and InterPro domains. It is also
noticed that the MUR family genesmurG, murC, andmurE genes were in the top 10
genes with more number of direct interactions, which show the importance of amide
genes in resistance caused by the penA gene along with its interactors. The other
notable result is the enrichment of KEGG pathway glutathione metabolism (KEGG
ID: 480). The genes pepA, pepB, RPA3685, and SACE_1030 were involved in glu-
tathione metabolism. Various studies have shown that the antibiotics used against
the pathogenic Gram-positive and Gram-negative bacteria results in the formation
of reactive oxygen species (ROS). When the cell is exposed to an antibiotic, glu-
tathione plays a key role in maintaining the cellular redox poise by the detoxification
the xenobiotics [22]. Another interesting observation in our results is the enrich-
ment of KEGG pathway, β-lactam resistance (KEGG ID: 312), which includes the
genes pbp1B, BPSL3031, SACE_1373, pbp2A, BPSS1219, SACE_3877, pbpX, and
BPSS1240. The gene pbp1B is a peptidoglycan glycosyltransferase or murein syn-
thase, and it plays an essential role in synthesizing peptidoglycan in the absence
of a pre-existing template [23]. Whereas the gene pbp2A is found in staphylococ-
cal cell wall biosynthesis along with the known PBP family proteins PBP2 and
PBP4, PBP2A which is an acquired transpeptidase plays a crucial role in suscepti-
bility to antimicrobial agents [24]. pbpX gene is a homologous to the pneumococcal
PBP2x gene, and it is isolated from penicillin-sensitive S. oralis strain [25]. The
genes SACE_1373 and SACE_3877 belong to S. erythraea strain and coded for beta
lactamase. The genes BPSL3031, BPSS1219, and BPSS1240 belong to B. pseudo-
mallei strain. BPSL3031 gene codes for peptidoglycan synthase, and BPSS1219 and
BPSS1240 code for penicillin-binding protein.
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Out of 28 bacterial penA-related proteins, there are only 23 sequences available in
NCBI GenBank database. We have collected the 23 penA-related protein sequences
and used for the construction of phylogenetic tree. Among the bacterial species
used for the study, few are non-pathogenic, and most of them are pathogenic. The
phylogenetic analysis of penA genes from various bacterial species has confirmed
the lineage of different bacteria with respect to penA gene. We have used neighbor-
joining method for the phylogenetic tree construction with 1000 bootstraps. In the
phylogenetic tree, the bootstrap values more than 70% show more confidence and
less than that show poor confidence of the phylogeny with respect to the entry.
In our results, there are only two bootstrap values less than 70%. The constructed
phylogenetic tree shows that the bacteria C. jejuni showed boot strap values 44%
with the other Gram-negative bacteria such as Neisseria genus and K. kingae. The
bacteria belonging to Neisseria genus are closely related (bootstrap values 96%) to
K. kingae. The bacteria B. pseudomallei andO. formigenes OXCC13 have bootstrap
value 96%. The Gram-positive bacteria used in the study have shown the bootstrap
values more than 90%, which shows the confidence of the penA gene lineage among
the Gram-positive bacteria. All the streptococcus-related penA proteins have shown
bootstrap values 100%, and they are highly similar to other Gram-positive bacterial
penA protein sequences. We have also observed that the bacteria belonging to the
same genus showed less than 100% bootstrap values. The bacteria B. mallei and B.
cenocepacia show the bootstrap values 80%; N. meningitidis and Neisseria mucosa
C102 show 83%; and with respect toN. lactamica shows, the bootstrap value is 70%.
Our phylogenetic studies have provided a detailed lineage of penA gene in various
pathogenic and non-pathogenic bacteria.

2.5 Conclusion

The gene interaction analysis of PBP2 coding penA gene provides a comprehensive
evidence on penA gene and their functional partners in antibiotic resistance in various
bacteria. In our present study, we have identified functional interactors of the penA
gene from different bacterial species, and by using functional enrichment analysis,
we have analyzed the role of these genes in peptidoglycan biosynthesis, mur ligase
synthesis, β-lactam resistance, and glutathione metabolism. The constructed penA
gene network helps in understanding the functional relationship of these interactors
in biological pathways. Our results give critical information on various biological
processes such as gene functions and complex cellular mechanisms. The phyloge-
netic tree of penA related amino acids from various bacteria gives a glance of lineage
of penA gene in various Gram-positive and Gram-negative bacteria. To conclude,
from our study, we have observed the penA gene along with the interactors plays a
major role in peptidoglycan biosynthesis, amide ligase biosynthesis, β-lactam resis-
tance, and glutathione metabolism. Our results will help in better understanding
the functional role of β-lactamase penA gene in β-lactam induction. The molecular
interactions of penA along with the functional partners will be useful for researchers
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exploring the β-lactam-mediated antibiotic resistance in pathogenic bacteria, and the
identified resistance genes playmajor roles in various biological processes, and these
can be considered as potent drug targets for developing new drugs.
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Chapter 3
The Effect of Alccofine on Blended
Concrete Under Compression

A. Narender Reddy and T. Meena

Abstract Nowadays cement had become the most extensively used construction
material worldwide. The global demand of cement had reached about 5.2 billion
metric tons. These lead to huge consumption of raw material and in production of
cement huge amount of greenhouse gases like CO2 was released, about 5% of total
man-made CO2 emission is through cement manufacture industry. To safeguard the
environment, efforts are being made to recycle different industrial by-products and
utilize them in value-added applications. The use of industrial wastes, which are
pozzolanic in nature, can minimize the use of cement. Fly ash (FA) and slag (GGBS)
are the most common pozzolan and are being used worldwide in concrete works.
Recently, some researchers notified that a new by-product from iron ore industry,
namely Alccofine, also processes pozzolanic nature. The objective of the present
investigation is to evaluate the effect of Alccofine with fly ash and Alccofine with
ground-granulated blast furnace as the supplementary cementitious material with
reference to the compressive strength property of hardened concrete and to probe the
optimal replacement level of cement with combination of fly ash with Alccofine and
ground-granulated blast furnace with Alccofine.

Keywords Alccofine · Fly ash · Ground-granulated blast furnace · Blended
concrete

3.1 Introduction

The advancement in concrete technology has been widely improved in line with the
rise of options of material combination to replace ordinary Portland cement (OPC)
[1]. The ultimate purpose of the replacement is likely to increase the strength and to
provide sufficient serviceability of a structural element. Besides the economic con-
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siderations toward the material cost of conventional concrete, it is also necessary to
utilize industrial wastes such as Fly Ash (FA), Slag (GGBS), Silica Fume, and Alc-
cofine (AL), [2–5]. The mineral admixture considerably increases the workability of
concrete. A number of investigations show that the minimum capacity of modified
concrete could be increased by multiple replacement mechanisms, thereby improv-
ing the performance of concrete [6–9]. This practical idea tends to be a promising
alternative in terms of concrete strength and green construction [10, 11]. As the
material AL is a newly introduced pozzolanic material and from literature review,
it proves better results in binary mixes as cement replacement [12, 13]. We tried
using AL along with our pozzolanic materials to form blended concrete [14, 15].
Two pozzolanic materials which are most commonly in construction nowadays such
as FA and GGBS are selected and compressive strength were found to check the
compatibility nature of AL with other pozzolanic materials.

The characteristics of combination of mineral admixtures such as FA with AL
and GGBS with AL to replace partially cement in concrete have been tested. The
aim of this study is to determine the optimum percentage of combination of AL with
other pozzolanic materials like FA and GGBS forming a blended concrete (BC).

3.2 Materials

3.2.1 Cement

OPC53 grade cement confirming the requirements according to IS 12269was used in
our investigation having specific gravity of 3.12, normal consistency of 32%, fineness
modulus of 6.5%, initial setting time of 50 min, finial setting time of 420 min, and
soundness of 1.2 mm.

3.2.2 Fly Ash (FA)

Class F type of FA was used in the entire investigation; it was acquired from Dr.
NTR-VTPS, Vijayawada, AP having a specific gravity 2.3 and fineness modulus of
1.1% (Table 3.1, Figs 3.1 and 3.2).

3.2.3 Slag (GGBS)

GGBS is the by-product from blast furnace in steel industry. It is a by-product which
consists of high silicates and aluminosilicates of calcium and other bases, which are
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Table 3.1 Properties of FA
by EDAX analysis

Characteristics of element Results for EDAX

Weight % Atomic %

C K 59.19 68.02

O K 31.99 27.60

Al K 2.75 1.41

Si K 6.07 2.98

Fig. 3.1 SEM image of FA

Fig. 3.2 EDAX image of FA
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Table 3.2 Properties of
GGBS by EDAX analysis

Characteristics of element Results for EDAX

Weight % Atomic %

C K 38.52 51.43

O K 36.19 36.27

Al K 3.84 2.28

Si K 8.36 4.77

Ca K 13.09 5.24

Fig. 3.3 SEM image of
GGBS

developed in molten condition in blast furnace. GGBS was acquired from Salem
Steel Plant Salem, TN having a specific gravity of 2.8, particle size of 97 µm and
fineness (m/kg) of 390 (Table 3.2, Figs. 3.3 and 3.4).

Fig. 3.4 EDAX image of GGBS
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Table 3.3 Chemical
properties of AL by EDAX
analysis

Characteristics of element Results for EDAX

Weight % Atomic %

C K 45.69 57.64

O K 35.26 33.39

Al K 4.01 2.25

Si K 6.38 3.44

Ca K 8.66 3.27

Fig. 3.5 SEM image of AL

3.2.4 Alccofine (AL)

AL is a slag-based product produced by control granulation of iron waste with high
glass content. AL-1203 type is used in our investigation having specific gravity of
2.9; particle size varies from 1.5 to 9 µm (Table 3.3, Figs. 3.5 and 3.6).

3.2.5 Fine Aggregate

Regionally accessible river sand confirming to IS 383 specifications were used in our
investigation having fineness modulus of 2.7%, water absorption of 1.02%, specific
gravity of 2.68 and belongs to the grading zone of II.
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Fig. 3.6 EDAX image of AL

3.2.6 Coarse Aggregate

Locally available crushed stone passing through 20-mm sieve confirming to IS 383
was used as coarse aggregate in our investigation having fineness modulus of 7.2%,
specific gravity of 2.78, water absorption of 0.8%.

3.2.7 Water

Water with pH of 7.0–8.0 available in our campus was used in our investigation.

3.2.8 Superplastizer

High-performance superplasticizer based on poly-carboxylic ether was used in the
investigation.

3.3 Mix Proportions

In the present investigation, M30 grade concrete standard mix design is carried out
according to Indian standard code 10262. The proportions of concrete mix are given
below in Table 8 and the compression strength test was conducted as per Indian
standard code 516. The 100 × 100 × 100 mm cube specimens are tested at 7 and
28 days (Tables 3.4 and 3.5).
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Table 3.4 Mix design

Material Cement Fine aggregate Coarse aggregate w/c ratio

Quantity (kg/m3) 350.2 721.5 1273.8 150.6

Control Mix Proportion = 1:2.06:3.63:0.43

Table 3.5 Mix proportions (kg/m3)

Mix ID Cement FA GGBS AL Fine Agg. Coarse Agg. Water

CM 350.2 – – – 721.5 1273.8 150.6

F1 332.69 17.51 – – 721.5 1273.8 150.6

F2 315.18 35.02 – – 721.5 1273.8 150.6

F3 297.67 52.53 – – 721.5 1273.8 150.6

F4 280.16 70.04 – – 721.5 1273.8 150.6

F5 262.65 87.55 – – 721.5 1273.8 150.6

F6 245.14 105.06 – – 721.5 1273.8 150.6

F7 227.63 122.57 – – 721.5 1273.8 150.6

F8 210.12 140.08 – – 721.5 1273.8 150.6

G1 332.69 – 17.51 – 721.5 1273.8 150.6

G2 315.18 – 35.02 – 721.5 1273.8 150.6

G3 297.67 – 52.53 – 721.5 1273.8 150.6

G4 280.16 – 70.04 – 721.5 1273.8 150.6

G5 262.65 – 87.55 – 721.5 1273.8 150.6

G6 245.14 – 105.06 – 721.5 1273.8 150.6

G7 227.63 – 122.57 – 721.5 1273.8 150.6

G8 210.12 – 140.08 – 721.5 1273.8 150.6

FA1 246.9 87.55 – 15.75 721.5 1273.8 150.6

FA2 241.63 87.55 – 21.01 721.5 1273.8 150.6

FA3 236.38 87.55 – 26.26 721.5 1273.8 150.6

FA4 231.13 87.55 – 31.51 721.5 1273.8 150.6

FA5 225.87 87.55 – 36.77 721.5 1273.8 150.6

FA6 220.62 87.55 – 42.02 721.5 1273.8 150.6

GA1 263.35 – 70.04 16.80 721.5 1273.8 150.6

GA2 257.74 – 70.04 22.41 721.5 1273.8 150.6

GA3 252.16 – 70.04 28.01 721.5 1273.8 150.6

GA4 247 – 70.04 33.16 721.5 1273.8 150.6

GA5 240.94 – 70.04 39.22 720.8 1273.7 150.6

GA6 235.34 – 70.04 44.82 720.8 1273.7 150.6
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3.4 Results and Discussions

3.4.1 Evaluation of Optimum Percentage of FA and GGBS

The cement is replaced with FA and GGBS separately at 5, 10, 15, 20, 25, 30, 35, and
40% to evaluate the optimum percentage of cement replacement by FA and GGBS
separately. The results are graphically represented as in Figs. 3.7 and 3.8.

Figure 3.7 represents the evaluation of optimum percentage of FA content and
Fig. 3.8 represents the evaluation of optimum percentage of GGBS content. From
Fig. 3.7, the higher compressive strength is achieved for F5 mix (concrete mix with
25% Flash), and from Fig. 3.8, the higher compressive strength was achieved for G4
mix (concrete mix with 20% GGBS). So, it is concluded that the optimum replace-
ment percentage of cement by FA is 25% and for GGBS is 20%. Therefore the mixes
F5 and G4 are selected for further studies.

3.4.2 Evaluation of Optimum Percentage of FA with AL
and GGBS with AL

By maintaining the constant FA content at 25% and GGBS at 20%, the remaining
cement content was replaced with AL at 6, 8, 10, 12, 14 and 16%with FA and GGBS
separately to find the compatibility nature of the AL the results are graphically
represented in Figs. 3.9 and 3.10.
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Figure 3.9 represents the optimumpercentage of FA andAL content, and Fig. 3.10
represents the optimumpercentage ofGGBS andAL content. FromFig. 3.9, themax-
imum compressive strength is achieved for FA3mix (concrete mix with combination
of 25% FA with 10% AL totally 35% as replacement of cement), and from Fig. 3.10
result, it is clearly seen that the combination of GGBS and AL had failed to achieve
the design strength. Also it is clearly observed that as the AL percentage in the con-
crete mix increases the compressive strength decreases. This is may be due to the in
compatibility nature of these two pozzolanic materials.

3.5 Conclusion

From the investigation, it is clearly observed that the mix containing AL sets very
quickly than all mixes. The results of compressive strength on BC with combination
of 25% FA and 10% AL had shown highest strength than that of all other mixes. But
the mixes with combination of GGBS and AL compressive strength were not supe-
rior when compared to normal concrete. It is clearly seen from Fig. 3.10 as the AL
percentage in the concrete mix increases the compressive strength decreases. This is
may be due to the incompatibility nature between AL and GGBS. From Fig. 3.9, it
is clearly seen that the compatibility nature of FA and AL is good, and the strength
had increased 7.08% at 28 days with total cement replacement of 35%. The highest
compressive strength for BC mix was achieved for FA3 mix (Mix with combina-
tion of Cement–FA–AL at 65–25–10%), respectively. The cement replacement with
combination of FA and AL materials leads to eco-friendly and sustainable concrete
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and at the same time results in the reduction of overall cost of manufacture of blended
concrete.
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Chapter 4
IoT Sensor-Based Smart Agricultural
System

J. Mahalakshmi, K. Kuppusamy, C. Kaleeswari and P. Maheswari

Abstract IoT is a reflective system of connecting the real-world objects that are
accessed via the network. Sensors are involved for the data collection, in which the
objects are having their own IP address and having the ability to access and transmit
the resources through the Internet without manual performance. It is an architec-
tural framework that offers integration and transfers the information between the
computational devices. Its application areas are wide spread across smart homes,
wearables, automation of vehicles, industrial Internet, smart cities, smart agricul-
ture, smart retail, energy engagement, poultry and farming. In intelligent agriculture
circumstances, to control the progress and to attain better yield in harvests are the
primary focuses of this research work. The objective is to present new methodolo-
gies for the smart agricultural system, for monitoring and tracking, manufacturing of
crops, import and export process, sales details, etc. By implementing the IoT-based
smart sensors for the crop management, one can efficiently conquer the impulse of
difficult and changing climate, the geographical disability, natural calamity, plagues
and ailments about the crop. This research work proposes a cloud platform for smart
agriculture data with wireless sensor network based on IOT. In cloud, intelligent
production information is stored securely and made open for the authorized users.

Keywords Cultivation management · Cloud computing · Smart agriculture ·
Wireless sensor network · Internet of things
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4.1 Introduction

Cloud computing, the interpersonal computing paradigm, gains its popularity by
offering various services to the users on demand. This computing paradigm is scal-
able and has the capacity to work in heterogeneous application despite their comput-
ing structure. It provides varied services, among which the software, infrastructure,
database are notable services. The innovative application model proposed in this
paper is designed as an encryption service based on symmetric key to store the
information received from the built-in sensors located in the field.

Cloud Computing, a rapidly developing computing paradigm in the technology
era, offers computing resources as a service whenever and wherever on demand.
The notable feature of Cloud Computing is its scalability and alleviating access,
additionally offers a shared pool of resources makes it as a victorious computing
paradigm. Based on the security policies guaranteed by the cloud service providers,
the integrity of the data remains safe. Receptive data such as patient’s medical history
in the form of scans and reports, insurance policies and records while outsourced
should maintain high protection. In connection with this, an encryption-as-a-service
is one of the most interesting application services offered via the Cloud Computing
archetype that recommends the users to encrypt the data received from the built-in
sensors via application models.

One way to receive the data from the sensors is via the software tools such as
Arduino, eclipse IoT, Kinoma, Node-RED, IoT System and Open IoT. It is the vast
area of research domain and has a lot of security issues for researchers, while imple-
mentation. Researchers around the world proposed a lot of techniques to secure
the data from unauthenticated access when it is outsourced via open paradigm. A
conventional technique pave way to resist threats and vulnerabilities toward the
data, were such as cryptographic processes, authentication mechanisms and access
control policies. Cryptographic algorithm alters the consigner provided raw data
into inarticulate form, via encryption process, and gets back the original form from
the decryption process, upon authenticated consignee identified. In cloud computing,
there exist numerous services such as secret storage-as-a-service [1], data encryption-
as-a-service [2], data protection-as-a-service [3] and privacy-as-a-service [4] that all
offer security to the data using different algorithms.

This research paper mainly concentrated on IoT sensor for smart agriculture, the
data analytics that is needed for assisting the farmers to use themodern technologies to
improve the production andmake it as a smart cultivation. The data stored and shared
via the sensors might take any format such as maybe an image related to crop data
or maybe the farmers’ details, such as in documents, or maybe the spreadsheet files.
The security-as-a-service offers an application model that encrypts files converted to
unintelligible format. The proposed encryption-as-a-service application model will
encrypt the file and decrypt only upon the authenticated access [5].

Rest of the paper is structured as follows. Section 4.1 shows the basic information
on encryption, cloud services and optimization techniques found in the literature. It
is followed by the related research work in this field at Sect. 4.2. The fundamental
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notations are briefly explained as mathematical preliminaries in Sect. 4.3. The meta-
heuristic simulated annealing algorithm, which is the basic theory of the proposed
encryption algorithm, is clearly stated under Sect. 4.4. The procedure and algorithm
for the proposed application service fall under Sect. 4.5, where Sect. 4.6 is comprised
of the experimental outcomes. Section 4.7 comes out with the conclusion made on
this research work.

4.2 Related Research Work

Ray [6] proposed the technique for IoT to solve real-time or practical life problems
by constructing and exploration of power fact IoT notions. The author discussed the
recent trends of architectural frameworks available for the academics and industries.
Srinivasan et al. [7] discussed the alternateway of research in cultivationmanagement
using theWSN. The author reviewed theWSNapplications, issues and challenges for
improving the smart farming. The author also reported on various cloud computing
techniques used for the agriculture modernization and its help in smart solution for
agriculturalists.

Tongke [8], Work, concentrated on Cloud Computing and Smart Farming that
builds in the combination of IoT and Radio Frequency Identification (RFID). The
technique reported by the author helps to build the plant factory and analyze self-
moving control production of farmingmanagement. Channe et al. [9] provided infor-
mation on multidisciplinary model for smart agricultural management. The research
work given by the author is based on the IoT sensors, cloud computing, mobile
computing as well as the big data analysis.

Li et al. [10] stated the use of private cloud file encryption methodology with
the aid of tripartite secret key protocol. A certificate-less encryption algorithm is
recommended by the authors and yields better results for large-scale environment.
Computational cost for the key exchange between the consigner and the consignee
is the limitation found in this method. Despite this, the results made by the authors
reveal high security of the files communicated.

Vu et al. [11] reported a data protection-as-a-service, to the clients in multi-cloud
environment. The authors apply access policy mechanisms that include automatic
encryption. It reveals encrypted format to the intruders. By offering specific plug-
in, the application model developed by the authors is flexible to fit into any cloud
infrastructure irrespective of the model. Thamizhselvan et al. [12] reported on the
V-GRT methodology to improvise the data security model in cloud computing. The
authors developed a new key generation methodology and named it as Chaive Unica,
an advanced substitution method. The results depict the security analysis and the
way it defends against various cryptanalytic attacks than the existing algorithm in
various metrics. Liu et al. [13] have been credited for the concern provided over the
reliability and confidentiality of the data transferred via cloud networks. The authors
discussed the functionality that the converted plain data can be forwarded without
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being retrieved back. A variant of ElGamal-based proxy re-encryption algorithmwas
employed by the authors to provide original inaccessibility to the data.

Nafi et al. [14] discussed the working procedure of file encryption in distributed
server-based cloud architecture. The algorithm designed by the authors for file
encryption makes it ease of access to various data formats in cloud computing
paradigm. Information security occupies a major role in the author’s contribution.
AES and RSA standard algorithms are used for encryption that shows less execu-
tion time. Distributed servers are involved in file uploading and downloading which
increases the time complexity.Moreover, the storage space for this also remains high.

Siddagangaiah [15] discussed the proposed work of a plant health monitoring
system. Thework explained by the author is to examine the plants’ effects as platform
parameters like humidity, light intensity along with the temperature. The data passed
via theArduinoUnoboards to the cloud environment for storage and analysis. Sujatha
and Nithya [16] reported on the overview of the surveys about the IoT sensors with
cloud platforms to validate and monitor the soil. The authors explained about the
bulk density test, respiration test, moisture test and quality of the water required for
the crop maintenance. Aliev et al. [17] introduced a practical approach to acquire
temperature of plants, soil moisture and humidity. The authors also credit for the
invention of prototype device with an Android application used for transferring the
data into cloud. Uchiyama [18] proposed a status labeling for IoT systems in agro-
products, to make the agriculturalist to use a large volume of data at ease.

4.3 Cloud Computing Encryption Service for Secure IoT
Data Storage

Cloud computing archetype offers abundant services to its clients from pool of
resources with utmost reliability and scalability. Security services occupy a vital
position between various services offered by the cloud. Authentication of the data
transferred through open medium requires protection from various vulnerabilities
and threats. Concentrating on this juncture, encryption services are offered as secu-
rity services in cloud computing paradigm. This security service consists of various
conventional encryption methodologies which convert the data into the inarticulate
form. Multimedia files can be encrypted by using the proposed technique which is
the hybridization of conventional encryption technique with optimization technique.
This process is converted as an application service that allows a large scale of users
to encrypt their files in secured manner simultaneously by sharing the service. The
key management takes concern on the exchange of keys between the consigner and
the consignee to maintain authenticity.

Main inspiration toward the construction of this application service model is
to offer encryption-as-a-service to the end users despite the form of data being
engaged for encryption. A new symmetric key encryption algorithm is developed
by hybridization of two independent techniques, namely the improved cipher block
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chaining encryption operation and the metaheuristic simulated annealing algorithm.
Two key elements are marked as the objective for this application service: One is to
minimize the execution time, and other is to increase the complexity of the generated
key. The size of the key comes in three diverse sizes such as 64, 128 and 256 bits.
Regardless, this interesting application allows the user to encrypt assorted file types.
The sub-optimal key generation takes place in two phases and makes this application
service a better solution for encryption.

4.3.1 Notations

This section briefly explains the basicmathematical notations used in the construction
of the proposed symmetric key applicationmodel. Variety of files can be encrypted by
using this innovative application model in a rapid manner. The basic design notation
to implement the algorithm is in matrix forms that are used for ease of access. Every
element in the matrix should possess the binary strings 0, 1. If Z is a matrix, then
Zmn is an 8 × 8 matrix where m, n indicate the row and column of the matrix.
The following depicted format in Eq. (4.1) shows the basic design notation of the
input. In the case of images, individual color channels are separated and transformed
into corresponding pixel values. The pixel values possess the binary positions in the
mathematical model.

Zxy =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

10101101

10010101

01011101

10010010

10101011

01010101

11001011

10011010

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(4.1)

4.3.2 Design Goals

The state of the art paves the way to convert the varied form of elements to its
corresponding binary bits to alleviate access. The depicted matrix notation is the
sample matrix with an element filled that shows the conversion of user-defined plain
text conversion to bit blocks. In the case of the image either compressed or uncom-
pressed, individual color bands are separated, respectively, into the red band, blue
band and green band. Each pixel element exists between 0 and 255 and is again
transformed into its binary values, and then implementation follows. The improved
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cipher block chain encryption operation is performed on the bit blocks. Block ciphers
encrypt the data simultaneously irrespective of the length. Each block size is pre-
dominantly defined, and the key value passed for every block is identified. For the
inimitable decryption, every single element in the block is encrypted with the fixed
key generated.

The cipher block chaining encryption operation is improvised in this encryption
algorithm, while encryption with multiple keys takes place, the first key whose ele-
ments are from improvised cipher block chaining encryption operation. The ICBC
in return when cascaded is resistant against known—IV, Chosen-Plain text Attacks.
The feedback of the input is hidden from the output revealed. The output of the first
block remains as the input of the successor block. This basic building block makes
the algorithm stronger; since if the single element gets changed, the whole pattern is
collapsed. The cipher block chaining is the self-synchronizing mode where the error
propagation is less since every block output remains different. This property is the
basis for the improved cipher block chaining algorithm.

4.4 Optimization Technique and Objective Function
Formulation

The main objective of this proposed algorithm is to generate the sub-optimal key to
encrypt the user-defined data with potential authentication. The optimization algo-
rithms help to find out the sub-optimal solution to the problem formulation that
it defined. In the literature, there exist numerous optimization algorithms such as
the bio-inspired genetic algorithm, bull optimization algorithm, cuttlefish algorithm,
bees algorithm, memetic algorithm and ant colony optimization, among which, in
this proposed research work, the simulated annealing algorithm is applied to encrypt
the data.

4.4.1 Simulated Annealing—A Metaheuristic Optimization
Technique

Sub-optimal key generation for high-profiled encryption is the main motivation
behind this novel application designing. The end users will be able to encrypt their
data with potential authentication and the decryption or vice versa. Optimization
algorithms were evolved to find either the maximum or the minimum for the given
problem. The feasible solution should be attained by incorporating the optimization
techniques based on the need. A lot of optimization algorithms are in the literature,
such as bull optimization algorithm, cuttlefish algorithm, bees algorithmandmemetic
algorithm. Genetic algorithm is one of the most frequently used, yet prevailing algo-
rithm is nature-inspired search algorithm and natural selection mechanics based on
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Darwin’s theory of evolution. Apart from that in this proposed research work, the
simulated annealing algorithm is employed so as to generate the sub-optimal key
generation, to encrypt the data.

Simulated annealing (SA) algorithm is one of the metaheuristic and probabilistic
algorithms that finds the approximate global solution for the specific function. Espe-
cially, it finds the global maximization in a large search space. When the problem
defined is in the discrete form, then the simulated annealingwill be found as the better
solution for finding an approximate global optimum solution. It is also considered
as an alternative method used instead of the gradient descent algorithm.

The method is inspired from the thermodynamic process of annealing of molten
metals to attain the lowest free energy as stated by Kirkpatrick et al. [19]. Simulated
annealing algorithm works in the following procedure.

In every phase of iteration, the heuristic simulated annealing algorithm decides
some state “s” as the current phase. Then, the algorithm probably chooses between
whether to retain at the same state and whether to move to the neighbor, until the
near optimum level is reached. The fundamental optimization is the searching of
neighbors, by continuous iteration, and moves across every state till finding the
better neighbor.

To achieve optimum results, constraints should be clearly defined as an objec-
tive function. This objective function falls as two divisions: single-criterion objec-
tive function and multi-objective function. The linear constraint is applied in this
proposed encryption algorithm with multi-objective function. The following are the
basic terminologies used in themathematical implementation of simulated annealing
algorithm.

Objective Function

The optimization problem is expressed as a mathematical function. An example is
shown below (Table 4.1):

F(x) = Objective Function

Table 4.1 Notations and definitions

Notations Definitions

Solver Simulated annealing algorithm

Objective function Global optimum

Bounds Specifies the limit of the upper and lower bounds

Annealing function Takes random steps to generate new points that are directly
with size proportional to the temperature and move to the
next iteration

Temperature update function Update when temperature decreases

Acceptance probability function Use the default acceptance function
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The above stated are the basic simulated annealing parameters that were employed
in this working procedure.

4.5 Hybrid Encryption and Decryption Process

In this proposed research work, an interesting yet new application service model
is designed and their efficiency is verified under various metrics. Since security of
crop data is taken into account, an innovative symmetric key encryption algorithm
is designed as a service offered via cloud archetype. For every encryption process,
the key generation decides the quality of encryption. It is the most important that
should avoid various vulnerabilities and threats that are found in the communication
medium. This research work uses the convention encryption operation block ciphers
and modifies its working procedure to generate a key for encryption. Moreover, the
optimization technique yields another key and together makes the process complex.
The main advantage of including the block ciphers in the proposed model is it per-
forms against the parallelization and also allows the data to be encrypted at chunks
at a same time. Throughout the implementation process in this research work, a con-
sistent design rationale is followed so as to maintain uniformity as well as to perform
in a rapid manner.

4.5.1 Encryption and Decryption Scheme for Text Data

In this section, the algorithm for the encryption of text data is briefly stated. Core
components of the algorithm are encryption process, key generation using multiple
techniques as well as the decryption scheme. After preprocessing of the user plain
data, as explained above, it is converted to its corresponding binary bits and separated
into 8 × 8 blocks for further implementation. Let us assume the input data as 8 × 8
matrix blocks. If Z is a matrix, then Zmn is an 8 × 8 matrix, whose elements were
represented using 8-bit binary structure, where m, n indicate the elements in the
matrix as Xi, Yi.

After the conversion, the improved cipher block chaining operationmode follows.

Xn
i = {

X1
0, X

2
1X

3
2, . . . X

8
7

} = {0, 1, 1, 0, 0, 1, 1, 0}− Input Data Bit

Y n
i =

{
Y 1
0 , Y

2,
1 Y 3

2 , . . . Y
8
7

}
= {1, 1, 0, 0, 1, 0, 1, 0} − KeyElements

The plain text character is converted into corresponding binary bits and filled in the
matrix Z with the elements asXi. The Yi is thematrix element for single row acquired
from the improved cipher block chaining process. It is obtained as the result of the
following procedure. Complete the matrix Zmn with the binary value formulated in
horizontalmanner. Till end of the file is reached, the conversion follows. These blocks
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are fed as input for improved cipher block chaining operation. Key generation is most
important for any cryptographic process. In this proposed encryption algorithm, key
generation takes place from the block that is fed as input. The resultant matrix from
the encryption process is taken as input to generate a key matrix. It is now passed
through the improved block chaining operation mode, with initialization vector. Set
the initialization vector (IV) with 8-bit binary input as in Eq. 8.

IV = {0, 1, 0, 1, 0, 1, 0, 0} (4.2)

The input matrix Xi element is exclusive disjunct (XOR) with the initialization
vector IV. The result vector is then passed as the input for the predecessor Xi matrix
elements. Hence, a single-bit error in a block will cause failure of decryption in
the subsequent block as well. The cipher block chaining is the self-synchronizing
mode where the error propagation is less since every block output remains different.
This property is the basis for the improved cipher block chaining algorithm. The
substitution operation ends after the key block of 8 × 8 matrix acquires from the
improved cipher block chaining algorithm.

The second key is generated from the pseudorandom number generators. Final
is the most important key generation, the construction of sub-optimal key. This key
is generated from the simulated annealing, with the procedure as represented in
Sect. 4.4. The input for the initial population is the matrix blocks which consist
of partially encrypted data. These partially ciphered bits are taken as the initial
population based on the objective function recited, and a key matrix consists of sub-
optimal binary bits which are generated. This key is passed, and encryption is done
to completely cipher the plain text. The typical architecture for the text encryption
with the algorithm and illustration is presented in Fig. 4.1.

The example explained below shows the working method of the proposed encryp-
tion algorithm. Let us assume the text file of the user is allowed with finite charac-
ters that hold numerals, characters, special characters, etc. (for sample: on-2015-
105009.pdf Title: A New Cryptosystem MKE). Each individual character is articu-
lated intomatrix elements. In the key generation phase, the size of the key varies either
as 64, 128 or 256 bits. The steps for the encryption, decryption and key generation
are as follows.

4.5.1.1 Algorithm for Encryption Process

• Step 1: Read the input file that consists of the text data.
• Step 2: As depicted in the design rationale, independently split the data.
• Step 3: Convert Step 2 data to its corresponding binary bits.
• Step 4: Let us take the input as Xi, and fill the block elements Xi in 8× 8 matrices,
till end of the file is reached.
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Fig. 4.1 Block diagram of data encryption

4.5.1.2 Algorithm for Key Generation Process

• Step 5: Generate the initialization vector IV with eight binary bits for the first key
generation process.

• Step 6: Apply the improved cipher block chaining procedure, such that Yi = Xi

the Symbol may be placed be here to denote the XoR operation IV.
• Step 7: The obtained result matrix is the key of the successor block matrices.
• Step8:Onemore keymatrix is generated via the pseudorandomnumber generators.
• Step 9: The next key generation is the most important key that is constructed as a
sub-optimal key to obtain the optimized key for the encryption from the simulated
annealing as explained in Sect. 4.4.

• Step 10: The size of the key values is in three various sizes either as 64, 128 or 256
bits. If the size of the key is 64, the block size is designed as 8× 8, and if it is 256
then the block size is 16 × 16, where the key size is of 128 bit then the block size
is 8 × 16.

• Step 11: This key value is again disjunct with the partially encrypted elements in
the matrices.

• Step 12: As a result from Step 11, completely ciphered data is available at the
matrices.

• Step13: The blockswith the binary elements are again converted to ‘ corresponding
ASCII code.

• Step 14: Detaching the blocks will yield the encrypted text data.
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4.5.1.3 Algorithm for Decryption

• Step 15: File that contains the encrypted text data is taken as input.
• Step 16: Convert the encrypted data into equivalent binary bits.
• Step 17: Fill the matrices of 8× 8 with the converted ciphered binary bits, yet the
end is reached.

• Step 18: Reverse is the process of encryption, along with the key generation.
• Step 19: The key is similar since the symmetric key scheme is followed.
• Step 20: The deciphered, original text data is obtained as the result of the key
generation.

4.6 Experimental Results

The experimental results obtained from the proposed hybrid encryption algorithm
are presented below. The implementation is done with the simulation environment
of simulated annealing [simulannealbnd] solver found in MATLAB R2013a. The
encryption and the decryption processes are implemented with the Visual Studio
2010, C# language under the configuration of Windows 7 operating system with
Core i3 and 3 GB RAM. The experimental outcomes stated below include the con-
sequences that are obtained by applying varied key size such as 64, 128 and 256-bit
key. Diverse metrics are analyzed based on the results attained. Time complexity is
the main factor elaborated in the case of text encryption process.

4.6.1 Simulation Environmental Setup

The selective objective function is as expressed in Sect. 4.4 and is tested using the
simulated annealing [simulannealbnd] solver in the Global Optimization Toolbox.
The simulation setup for the formulation of objective function along with its con-
straints that includes the input parameters, acceptance criteria, acceptance probability
function, temperature update functions, the bounds that specify the key sizes is listed
in Table 4.2.

4.7 Conclusion

Multimedia data can be encrypted and transferred over the open transmissionmedium
with the help of this application service in cloud computing. The performance results
reveal that for the crop encryption this security service works better with less encryp-
tion time of about 2.986 ms, and it is resistance against statistical attacks. In cloud
computing, space complexity is a prominent issue; it is almost minimized with the
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second objective storage space reduction by converting the contents to binary bits.
The data thus stored securely in this private cloud can be accessed upon proper
authentication and used for the smart agricultural management.
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Chapter 5
Smart Monitoring of Farmland Using
Fuzzy-Based Distributed Wireless Sensor
Networks

Anagha Rajput , Vinoth Babu Kumaravelu and Arthi Murugadass

Abstract Agricultural research is practiced globally as farming contributes to
national revenue of many countries. The embryonic technologies can be intelli-
gently used to help farmers in automating farming operations for better productivity
and reduced human efforts. Recent agricultural researches emphasize majorly on
agro-meteorology, wireless sensor network-based Internet of things systems for land
surveillance, and geospatial technology for drought assessments. Large farmlands
need to be monitored continuously to evaluate soil fertility, cropmoisture and protect
from crop raiders. This research work proposes an idea of smart monitoring of farm-
land using wireless sensor networks. The timely collected data by the network will
assist the farmers to take precise agronomic decisions. The main constraint of wire-
less sensor networks is its limited lifetime because sensor nodes are battery-driven
devices. The major energy consumption is due to long-distance radio communi-
cations. To prolong the lifetime of nodes and reduce the transmission distances, a
fuzzy-based distributed clustering protocol is proposed. The network is clustered
using fuzzy-c-means algorithm. The cluster head selection in each cluster is then
carried out based on perception probability model. The protocol is simulated using
MATLAB. The simulation results are obtained for different coverage areas. The
proposed protocol outperforms the recent conventional protocols in terms of energy
savings and network sustainability. The results indicate that the proposed protocol
is scalable and sustainable. Hence, it can be efficiently used in farmland monitoring
systems.
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5.1 Introduction

Agriculture serves nations food products, and many of the developing countries rely
on agriculture for their annual revenues. Agriculture is one of the most prompted
applications of wireless sensor network (WSN)-based Internet of Things (IoT) sys-
tems. The embryonic of IoT and WSN for precision agriculture has the potential
to provide automated systems and quick services to farmers and experts. WSN is
considered as an important and sustainable technology to realize the monitoring
infrastructure of IoT systems because the future Internet is visualized to be a large
omnipresent network where people, objects, or anything will be connected at any
time [1]. This has encouraged the agricultural research in a new direction, where
traditional agrarian methods are being replaced by automated techniques. Farmlands
need to be monitored incessantly to protect the field from crop raiders, monitor soil
quality and irrigation requirements for better harvest productivity and crop develop-
ment.

Agricultural activities can be categorized like seed sowing, irrigation system, crop
growing, soil fertilizing, and so forth. At each phase of farming, the field climate, soil,
and crop growth are to be monitored in order to get a good yield. For instance, plant
growth is affected by different facets like climatic conditions, soil mineral contents,
a quantity of composts used, water supply. For better productivity, attaining accurate
estimations of these facets is a basic need of the agriculturist [2]. Another aspect of
observing the farmlands is to protect the harvests from crop raiders like mammals
and birds. The wildlife is hazardous to farmers as they damage the plants, destroy the
grains, and at times harm the human beings. There are several traditional methods
used by farmers to safeguard their farms like wire fencing, helikites, dog guarding.
In any case, these are not safe and economical provisions. Subsequently, farmland
monitoring is a vital and critical issue challenged by farmers [3].

In precision agriculture, systems like smart irrigation, cattle monitoring, con-
trolled fertilization are been developed [4–6]. The real-time field information is
gathered by sensors, which are embedded on microprocessor circuits. Such large
number of sensor nodes deployed in the farm can quickly capture the farm condi-
tions and transmit information to the required recipient. These information gathered
from deployed sensors are utilized by farmers, experts or computerized control sys-
tems to take decision on agricultural policies like scheduling water supply to crops,
soil composting. Here, agrarian fields can spread over large acres of land. Thus,WSN
is well suited to automate the farming process, where wireless sensor nodes can be
placed over large open space. WSNs are ad hoc and infrastructure less networks
intended for specific applications. Thus, the deployment of WSN differs from one
application to another.

The sensor nodes deployed for farmland monitoring to realize precision agri-
cultural operations are portrayed in Fig. 5.1. The sensor nodes are deployed in the
farming region where parameters like ambient temperature, humidity, soil moisture,
carbon content are to be measured. The sensors are smart devices with radio circuit
embedded on the device. These sensors can communicate with the gateway node
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Fig. 5.1 WSN-based IoT system for precision agriculture

(also called as sink) to transmit the sensed data either periodically or on demand.
The gateway node is the intermediate device that forwards sensor data into the Inter-
net database system. Once the data is available at Internet database system, it can
be retrieved by any users for knowledge acquisition or data analysis. A remote user
can monitor the field and control the sensors and actuators [7, 8]. For instance, the
valve of water pump can be controlled remotely by the user, when an alarm is given
by on-field deployed water level indicating sensors. As the data is instantly available
on Internet, the end user can use any of the devices like computer, laptop, or mobile
phone to get access to the data. The remote user is connected to Internet via base sta-
tions of the cellular network. The recent research concentrates on the sustainability
of WSN because the network can be large in size but restricted to the short battery
lifetime. WSNs are designed for specific applications, and therefore, the network
deployment has to satisfy application-based requirements [9].

Rest of the paper is organized in the following order: Sect. 5.2 discusses the poten-
tial of WSN for agricultural applications. Section 5.3 represents the literature stud-
ied. Section 5.4 illustrates the proposed clustering protocol based on fuzzy-c-means
(FCM) algorithm and perception probability. Simulation results and discussions are
presented in Sect. 5.5. The paper is concluded in Sect. 5.6.

5.2 Potential of WSN for Agricultural Applications

In precision agriculture, sensor nodes are deployed to capture the climate conditions
of the field. These sensor nodes communicate with each other and form a network
that works collaboratively to collect the environmental data. WSNs are ad hoc and
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Fig. 5.2 Classification of WSN in context to the sensor node deployment

infrastructure less in nature. This gives them the flexibility to organize themselves
into a network that will effectively send information from field to the remote user.
The classification of WSN in context to the sensor node deployment is shown in
Fig. 5.2. Broadly, WSN is classified as two-dimensional (2D) and three-dimensional
(3D) network.

5.2.1 2D WSN

In 2D WSN, sensor nodes are deployed on or above the ground surface as shown in
Fig. 5.1. The location tracking of such nodes is done using two geographical axes.
Thus, the network formed by these nodes is called as 2D WSN. It is also called as
terrestrial WSN in [2]. It is further classified into static and mobile networks.

5.2.2 Static 2D WSN

In this type, all the sensor nodes are assumed to be static after their deployment on
the field. The gateway node that collects network data is also static at a particular
location.ManyWSNprotocols are implemented considering its static nature [10–12].
This type of network is suitable for monitoring system, which can be used to observe
climatic conditions, controlling pump valves, cattle monitoring, etc. The network
performance in static scenarios is improved by constructing hierarchical layers of
the network. Every WSN protocol design considers energy-efficient utilization of
the nodes to enhance the lifetime of the network.

The more number of layers, the better is the energy savings. This is illustrated by
implementing modified version of low-energy adaptive clustering hierarchy protocol
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Fig. 5.3 Remaining network energy of LEACH and Modified LEACH protocols

(LEACH) [11]. In modified LEACH protocol, an additional hierarchical level of
super cluster head (SCH) is introduced. All the cluster members send their data to
their respective cluster head (CH). One SCH is elected among all the CHs for every
round. The CHs transmit their cluster data to SCH. SCH further forwards the whole
network data to the gateway. A comparison plot of total remaining network energy
of modified LEACH and conventional LEACH is shown in Fig. 5.3. Due to the
consideration of one more hierarchical level for data forwarding, the network load
distribution is balanced and hence resulted in less number of death nodes compared
to its conventional protocol. This is proved by measuring number of alive nodes for
every round as shown in Fig. 5.4. The energy model for transceiver and simulation
parameters is similar as in [11] and listed in Table 5.1.

5.2.3 Mobile 2D WSN

In this type of WSN, network devices have mobility. The network may not be 100%
mobile but can have partial mobility among the devices. As illustrated in Fig. 5.2,
mobility can be observed in three different forms:

Node Mobility: The sensor nodes themselves can be mobile, and the mobility com-
pletely depends on the application for which the network is established. In case
of agriculture, the WSN with node mobility can be used in cattle monitoring sys-
tem [12]. Here, the network should often re-organize itself to operate effectively.
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Fig. 5.4 Number of alive nodes of LEACH and modified LEACH protocols

Table 5.1 Parameters used for simulation

Parameters Values

Monitoring area 100 m × 100 m

Number of sensor nodes 100

Gateway’s location (50,150)

Initial energy of sensor node 0.5 J

Electronic circuit’s energy 50 nJ

Data aggregation energy 5 nJ/bit/message

Free space communication energy 10 pJ/bit/m2

Multipath communication energy 0.0013 pJ/bit/m4

Control packet size 200 bits

Data packet size 2400 bits

The trade-off occurs between the cattle speed and the energy required to attain the
functionality of the network.

Gateway Mobility: The gateway is the node that collects data from the deployed
sensor nodes. The mobility of gateway is rarely implemented, but in precision agri-
culture, mobility of gateway node can make a user-flexible system. The farmers can
use personal digital assistants (PDA), while moving through field, which can be
connected wirelessly to the nearby nodes for data collection. The option of commu-
nicating to all the nodes or few nodes at the farm relies on the design of an appropriate
protocol.
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Hybrid: This is a category with both sensor nodes, and gateway has mobility or one
of the either becomes mobile as per requirement. Such type of network must be
completely autonomous and independent to dynamically self-organize frequently.
The monitoring drones are the example of such networks [13]. The issue faced in
such mobility scenarios is the communication range required to deliver data toward
gateway.Also, the hostile climatic conditionsmay erupt the communication. Another
hybrid mobility is the mobility of the event occurring. The animal tracking at forests
and crop raiders at farms are the examples of WSN, where event (crop raiders) is
moving. In this case, to track the movement of event, sufficient number of sensor
nodes are required to cover the event at all the time. An attempt by [14] is done to
detect the crop-raider entering into farm by using ultrasonic sensors.

The communication protocols designed for such mobile cases should be rendered
by appropriate support of the existing technology. The hybridmobility is very uncom-
mon compared to other mobile WSNs, but in real-time scenario, mobility of events
and sensor nodes cannot be restricted.

5.2.4 3D WSN

The necessity for monitoring the environment has been increased substantially in the
past few decades. The factors like climatic changes, decrease in water resources, and
increase in livelihood habitats are motivating the need to monitor the environment
and apply better policies to protect the scar resources. 3DWSN is the network that is
been researched tomonitor the changes occurring deep into the soil or the water [2, 9,
15]. Based on this research, 3DWSN is categorized as underground and underwater
sensor networks. The 3D WSN applications are ocean monitoring, soil monitoring,
disaster prevention, estimating burials and excavations, pipeline monitoring, etc.
These types of networks are inherently three dimensional. The depth at which the
sensor node is immersed into water [16] or soil [17] will become the third direction
to track the location of the sensor node. The location tracking of these nodes is one
of the challenging tasks due to two main reasons: The underwater sensor nodes are
subjected to mobility often. Thus, tracking such nodes is tedious. The second reason
is the communication interference caused by soil or objects under water. The issues
faced by underwater WSN due to mobility are more than the underground WSN.
The wireless communication used for underground WSN and underwater WSN is
electromagnetic waves and acoustic waves, respectively. The challenges faced in
using these communication systems are listed as follows:

• Lower propagation speed;
• Noise;
• Path loss due to various physical obstacles.

The above issues degrade the signal. Thus, reliable communication protocols need
to be developed for theseWSNs. For agricultural application, theWSNs are deployed
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Table 5.2 Difference between 2D and 3D WSN

S. No. 2D WSN 3D WSN

1 Sensor is placed on the surface Sensors are immersed into soil/water

2 Communication range is up to 100 m [2] 0.1–10 m [2]

3 High-frequency communication is
efficient

High-frequency communication is
attenuated by the soil. Thus, lower
frequency communication is preferred

4 Frequency used is 868/915 MHz and
2.4 GHz [17]

Frequency range used is 433 MHz and
8–300 kHz [17]

5 Energy consumption is less Energy consumption is more compared
to 2D

6 Installation cost is lower Installation cost is higher

underground, where sensors are mainly used to measure moistness, minerals, and
compost proportion present in the soil. The sensor nodes are buried in two layers—-
topsoil and subsoil. The communication links of the nodes are affected by the soil.
High-frequency signals suffer severe attenuation compared to lower frequency sig-
nals [18]. Due to this, communication range of the sensor nodes gets limited. Thus,
more number of nodes is required to cover the large farmland.

The advantage of 3D over 2D is that the soil mineral and moisture in depth can
also be monitored so that the fertilizers and compost will be adequately used as per
the requirement. The water supply can also be made precise for drought-affected
agricultural lands. The major differences between 2D and 3D WSN are listed in
Table 5.2.

5.3 Study of Literature

The literature on clustering protocols is studied and summarized in this section. The
nearby sensor nodes form clusters using various techniques like query-driven model,
probability-based model [19–25]. The appropriate formation of clusters will reduce
intra-cluster transmission distances required to forward the sensed data to CH. In
[19], a distributed cluster computing energy-efficient routing scheme (DCCEERS)
is implemented. A node is eligible to form cluster if its random counter becomes zero.
The node form clusters using queries exchanged between the sensor nodes within its
transmission range. The center of gravity of the clusters is then calculated and used
to determine the centrality of the sensor nodes. The CHs are elected in each round
based on remaining energy of the node and its centrality. The protocol does not limit
the number of clusters formed in the network because any node in the network can
start cluster formation on the condition of random counter.

TheWSN is used for potato crop monitoring in Egypt as explained in [20]. Potato
fields are mostly affected by fungal disease called as phytophtora. The preferable
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land for good quality potato cultivation is loamy and well-aerated soil. The soil must
not contain high level of calcium carbonate. This affects the starch quality of pota-
toes. The project used adaptive threshold sensitive energy-efficient sensor network
(APTEEN) protocol for routing the sensed data [21]. APTEEN is the hierarchical
cluster-based routing protocol. The field is assumed to be divided into small tubs of
one carat area. Every carat will have two nodes deployed at the central region with
a separation distance of approximately six meters. Also one node is deployed at the
edges of the carat so as to communicate with another carat node.

In [22], themonitoring of cotton plant vigor to enhance its productivity and protect
fromdamage is illustrated.Here, low-power sensor nodes are used tomonitor potency
in terms of chlorophyll concentration of the leaf. The sensor nodes sense the leaf
information. This data is transmitted to sink node. The sink node forwards the data to
remote host computer through universal serial bus (USB). The plants are separated
evenly into small bunches. Every bunch has a sensor node deployed. The images
of the leaves captured are judged for its strength. In minor abnormal situation also,
an alarm is given. This makes the system fully flexible and avoids human efforts
of manually observing the plants. The data collected can be used by experts to
analyze the cultivation crop. TheWSN is thus used in agriculture to enhance the crop
protection as well as improve the farming techniques to achieve better productivity
and quality.

Another initiative taken by the institute of agriculture and natural resources under
University of Nebraska, Lincoln, used crop canopy sensors to measure liquid rate of
nitrogen as per plant need [23]. The objective of the project is to manage nitrogen
spray rate depending on the need of the crop using crop canopy sensors mounted
on the node. This node can be fitted to the existing liquid nitrogen applicator, which
uses electronic spray. The node also consists of electronic flow meter, pump speed
hydraulic valve, and global positioning system (GPS). Themonitoring central system
receives sensor data along with GPS location. The data is processed using sufficiency
index algorithm, and the desired nitrogen rate is provided to the rate controller. Thus,
the pump valves control the flow of nitrogen spray.

A dynamic CH selection method (DCHSM) [24] forms clusters using Voronoi
cells. Themean point of eachVoronoi cell is used to determine centrality of the sensor
node, while selecting a CH for every cluster. Two sets of eligible nodes are selected
in a cluster. CH is then selected from first set initially. The second set is utilized
only after the death of all the nodes in the first set. This results in unbalanced energy
distribution among the network because every Voronoi cell does not have uniform
number of nodes. In saving energy clustering algorithm (SECA) [25], mean points
of the clusters are calculated using pre-defined single central point of the monitoring
region and the average distances between the central point and the sensor nodes.
The mean points are then determined iteratively by shifting away from the central
point. The mean points depend on the number of sensor nodes in the cluster and their
positions in the monitoring region. The change in number of cluster members will
change the mean point location of that cluster. Thus, determining mean point of the
region within a group of sensor nodes is likely to be ambiguous in nature.
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Fuzzy-based clustering protocols also find tremendous scope in improving net-
work performance. FCM is one of the optimization algorithms to categorize given
objects [26, 27]. The nodes in the network are clustered using FCM. A fuzzy logic-
based clustering protocol is proposed in [28]. To balance the network load and
minimize hot spots in the network, unequal clustering is implemented. The fuzzy
logic-based efficient clustering hierarchy (FLECH) is proposed in [29]. The CHs
selected in the network are based on fuzzy logic system. The inputs to this system
are remaining energy of the node, its centrality and distance toward gateway. It uses
network dimension and number of one-hop neighbors to calculate the centrality of
the sensor node to its associated cluster.

Based on the above literature, it is inferred that the cluster formation has major
effects on the network performance. The nodes in a clustermust be near located nodes
so that the intra-cluster distances are reduced. If the distances are considerably large,
then energy consumption is also more. This ultimately reduces the overall network
lifetime.

5.4 Proposed Clustering Protocol

An energy-efficient distributed cluster computing protocol is proposed in this work
for farmland monitoring. The crops are grown on large surface region, and they are
to be monitored using sensor nodes. Thus, the WSN deployed must be scalable.
The sensor nodes are battery driven, and therefore, their energy must be utilized in
proper manner so that the network can monitor the farmland for long period of time.
Thus, the WSNmust be sustainable and maintain alive nodes in the network for long
duration. In the proposed protocol, an attempt is made to fulfill both—scalability and
sustainability of the network.

In thiswork, FCMalgorithm is used to determinemeanpoints among the randomly
deployed sensor nodes in the farmland. The clusters are formed within t iterations
of the FCM algorithm. Once clusters are formed, every sensor node calculates its
perception probability, which depends on the distance between node and mean point
of the associated cluster. A set of eligible nodes is formed based on the perception
probability of these nodes. All the CH-eligible nodes then calculate their perception
value (V ) and energy ratio (E) and broadcast to other nodes in the cluster. A node
with highest V or highest E value will declare itself as CH.

The communication model decides the energy utilization of the sensor node
because the major energy consumption is due to radio transmissions. The com-
munication model used in the proposed protocol is similar to the model used in [11].
The energy required to transmit Q bits of data is given as,

ETx =
{

Q
(
Eelec + EfsD2

); D < Dref

Q
(
Eelec + EmpD4

); D ≥ Dref
(5.1)
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where ETx is the energy utilized for transmission. Q is the number of bits. Eelec is the
energy required by hardware for processing and data aggregation. Efs is the energy
utilization due to free space channel propagation. Emp is the energy required due
to multipath fading channel propagation. D is the distance between transmitter and
receiver nodes. Dref is the reference distance used to choose the propagation model
for data transmission. The energy required at the receiver end to receive Q bits is
calculated as,

ERx = QEelec (5.2)

where ERx is the energy utilized for data reception. The proposed cluster formation
and the CH selection are explained in the following subsections. It is assumed that the
nodes are familiar with their node locations. It is also assumed that all the distances
calculated are based on the received signal strength (RSS).

5.4.1 FCM-Based Clustering

The locations of sensor nodes and number of mean points are the inputs to FCM
algorithm. Let us consider X number of sensor nodes in the network. These are
grouped into Y clusters. The node location is denoted by two coordinates. FCM
computes membership values between 0 and 1 as illustrated in this subsection. A
value of 0 indicates nomembership and 1 indicates completemembership. In between
values indicate proportionate membership. The sum of the membership values for
each sensor node to all clusters will be equal to 1. Also, different membership values
show the probability of each sensor node to different clusters. A node is associated
with that cluster mean point, whose corresponding membership value is highest. The
first input data, i.e., node locations, is given as

A = {a1, a2, . . . , ai , . . . , aX } (5.3)

where X is total number of sensor nodes in the network. A is a matrix of dimension
X × 2. ai is the node location of the ith node. Similarly, the matrix of mean points,
M, is given as,

M = {
m1,m2, . . . ,m j , . . . ,mY

}
(5.4)

where Y is total number of clusters to be formed in the network.m j is the mean point
of the jth cluster. Initially, random mean points are considered for the first iteration.
These mean points are shifted in the next iteration as per the objective function.
The objective function with respect to membership value Zij and the distance D is
formulated as
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F =
X∑

i=1

Y∑
j=1

(
Zi j

)α
D

(
ai ,m j

)2
(5.5)

where F is the objective function. Zi j is the degree of membership that the ith sensor
node pertains to the jth cluster mean point. α ∈ [1,∞] is the fuzzy factor. Practically,
many studies show that α value is considered to be [2, 2.5] [26]. In our work, α is
considered to be equal to 2. D

(
ai ,m j

)
is the distance between ith sensor node and

jth mean point. For every iteration, Zi j and m j are calculated as,

Zi j = 1
∑Y

k=1

(‖ai−m j‖
‖ai−mk‖

) 2
α−1

(5.6)

m j =
∑X

i=1 Z
α
i j ai∑X

i=1 Z
α
i j

(5.7)

In order to minimize the objective function F, partial derivative of F with respect
to Zi j and m j is performed iteratively using Eqs. (5.6) and (5.7). mk is the mean
point calculated in the past iteration for the jth cluster. The iterations are performed
subject to the following conditions,

Y∑
j=1

Zi j = 1, i = 1, 2, . . . ., X (5.8)

0 ≤ Zi j ≤ 1, i = 1, 2, . . . , X and j = 1, 2, . . . ,Y (5.9)

The condition in Eq. (5.8) is used to remove node isolation issue in the net-
work. Every node has some membership toward each cluster within value one. After
optimum iterations, each node is associated with one cluster, whose corresponding
membership value is the highest. The condition in Eq. (5.9) restricts membership
value within the given range so as to satisfy Eq. (5.8). The algorithm is halted in two
cases—algorithm has reached eitherminimum threshold ormaximum iterations. The
proposed FCM algorithm for cluster formation is given as follows:
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4. Node locations; 
Main function: 

5. For each iteration (t)
6.         If t < 
7.               Calculate objective function (F);
8.                Improvement = absolute  – absolute ;
9.                If improvement > minimum_ threshold 
10.                         Update and ;
11.                Else 
12.                         Break;
13.                End 
14.          Else 
15.                Break;
16.          End 
17. End

FCM algorithm for cluster formation 

Initialization: 
1. Initialize minimum_ threshold;
2. Initialize maximum iterations ( );
3. Initialize cluster mean points; 

Input: 

5.4.2 CH Selection Using Perception Probability

After clusters are formed in the network, each sensor node is associated with a mean
point of its cluster. All the nodes then calculate perception probability using,

P
(
ai ,m j

) =
⎧⎨
⎩
1, D

(
ai ,m j

)
< S − τ

e−ϑDi , S − τ ≤ D
(
ai ,m j

)
< S + τ

0 D
(
ai ,m j

) ≥ S + τ

(5.10)

where P
(
ai ,m j

)
is the perception probability of ith node with respect to its mean

point m j . ai is the ith node location associated with jth cluster. D
(
ai ,m j

)
is the

distance of the ith sensor node from its mean point m j . S is the sensing range of the
sensor node. τ is the uncertainty factor of the sensor hardware circuit, and ϑ is the
exponent factor. Di is the term used as an exponential variable and calculated as,

Di = D
(
ai ,m j

) − (S − τ) (5.11)

where Di affects the probable value of node proportionately to the sensing range
of the sensor hardware circuit. The use of sensing range assures node’s coverage
over other nodes within the cluster. This assures that none of the node is isolated.
Then, a set of redundant nodes are found, whose perception probability is greater
than 0.3 and less than 1. This range is selected because the perception probability
model is distance based. The nodes having probability less than or equal to 0.3 are
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reasonably away from center point compared to other cluster members. Such nodes
have comparatively less reach ability or cluster coverage, which affects the average
transmission distance of the nodes in the cluster.

The redundant nodes are the eligible nodes that can become CH for the given
round. For each redundant node, V is calculated. At initial round, all nodes have
equal energy level. Thus, for the initial few rounds, CH is selected based on V value.
It is calculated as,

Vq = P
(
aq ,m j

)
∑q

l=1 P
(
aq ,m j

) (5.12)

Vq is the perception value of qth node in the jth cluster. The node with highest
Vq value is selected as CH. After few rounds, the energy of the nodes apparently
becomes heterogeneous in nature. Hence, for further rounds, CH is selected based
on perception probability and remaining energy of the node. TheE value is calculated
as,

Eq = P
(
aq ,m j

) Eq
residual

E j
average

(5.13)

where Eq is the energy ratio of the qth node of jth cluster. Eq
residual is the remaining

energy of qth node. E j
average is the total average energy of all the q nodes of jth cluster.

The node having maximum Eq value is selected as CH. The total average energy
of all the nodes in the cluster is considered to calculate energy ratio, because it will
estimate the accurate perception of the node with respect to all its cluster members.

Once the CH is selected for every cluster, a time divisionmultiple access (TDMA)
scheduling is done at every CH node. Cluster members transmit their sensed data to
CH in their allocated time slots. When all the cluster data is received, CH performs
data aggregation to form a single data packet. This aggregated data packet is then
transmitted to gateway. For every round, new CH is elected by comparing the V and
E values among the cluster members.

5.5 Simulation Results and Discussions

In this section, the simulation results of the proposed clustering protocol are pre-
sented. The MATLAB R2017b is used to implement the proposed protocol. A WSN
for givenmonitoring region consists of 200 sensor nodes and one gateway.All the net-
work devices are static after deployment. The sensor nodes are randomly deployed,
while gateway is located at (0, 0). The clustering protocol is executed for increasing
monitoring area, and the corresponding network performance metrics are observed.
The simulation parameters used are listed in Table 5.3.
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Table 5.3 Simulation parameters

Parameters Values

Monitoring region 100 m × 100 m,
200 m × 200 m

Number of sensor nodes 200

Gateway’s location (0,0)

Initial energy of sensor node 0.5 J

Energy consumed by electronic circuits 50 nJ

Energy for data aggregation 5 nJ/bit/message

Energy of free space propagation 10 pJ/bit/m2

Energy of multipath fading channel 0.0013 pJ/bit/m4

Packet of control bits 200 bits

Packet of data bits 2400 bits

Fuzzy factor (α) 2

Uncertainty factor of sensor node (τ ) 0.2

Exponent factor (ϑ) 0.1

Improvement threshold of objective function 1 × 10−5

Termination threshold for FCM (tmax) 100

The performance of proposed protocol is comparedwithLEACH [11],DCCEERS
[19], DCHSM [24], and FLECH [29] in terms of remaining network energy and
number of alive nodes. It is evaluated for two scenarios.

5.5.1 Scenario 1: Monitoring Region of 100 m × 100 m

The comparative plot of total remaining network energy and number of alive nodes
with respect to number of rounds is shown in Figs. 5.5 and 5.6, respectively. The
proposed protocol outperforms the conventional protocols because of efficient clus-
ter formation using FCM algorithm, which reduces the intra-cluster transmission
distances of the sensor nodes significantly. The centrality of the sensor node in the
cluster is decided by the perception probability, which is based on factors like S, ϑ ,
and distance between sensor nodes and cluster mean point. Due to consideration of
all above-mentioned factors, proper CH is been elected and the network load distri-
bution among the sensor nodes is done in efficient manner. Therefore, the network
sustains for long duration with more number of nodes alive as shown in Fig. 5.6.
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Fig. 5.5 Remaining network energy for monitoring region of size 100 m × 100 m
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Fig. 5.6 Number of alive sensor nodes for monitoring region of size 100 m × 100 m
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Fig. 5.7 Remaining network energy for monitoring region of size 200 m × 200 m

5.5.2 Scenario 2: Monitoring Region of 200 m × 200 m

As the proposed protocol is simulated for farmland monitoring system, it is also
tested for increase in coverage area. In this scenario, 200 sensor nodes are deployed
in the area of 200 m × 200 m. The protocols are executed, and the results are plotted
as shown in Figs. 5.7 and 5.8. The results obtained proved that the proposed protocol
performs better than other conventional protocols even for scalable scenario.

The proposed protocol is further analyzed for the sustainability in terms of first
node dead (FND), half of the nodes dead (HND), and last node dead (LND). The
round at which FND, HND, and LND occurred for all the simulated protocols is
observed for five different WSN deployments. The readings for these set of WSN
deployments are observed for both scenarios. The readings are listed in Tables 5.4
and 5.5 for 100 m × 100 m and 200 m × 200 m, respectively.

The average values ofHNDandLND readings are calculated and plotted as shown
in Figs. 5.9 and 5.10, respectively. The HND value indicates 50% of the WSN to be
alive. FromFig. 5.9, it is seen that the proposedprotocol sustainswith 50%alive nodes
for more number of rounds compared to other protocols in both the scenarios. This is
because, as nodes start exhausting their energy, CHs are elected based on centrality as
well as energy ratio values determined by Eqs. (5.10) and (5.11). The result for LND
alsoholds better as seen fromFig. 5.10.Thus, the proposedprotocol is energy efficient
as well as sustainable and thus can be implemented for agricultural applications. The
FND values of the proposed protocol occur at very early rounds because at the initial
few rounds, the CHs are elected based on only distance parameter. Thus, the node that
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Fig. 5.8 Number of alive sensor nodes for monitoring region of size 200 m × 200 m
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Fig. 5.9 Effect of monitoring region on HND of simulated protocols

is more central to the cluster gets repeated chance to become CHs in the initial few
rounds. These nodes deplete their energy very soon ultimately decreasing the FND
metric. In later rounds, the network load is distributed evenly based on distance as
well as energy parameters. Hence, the HND and LND are attained at higher rounds,
prolonging the network lifetime.
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Fig. 5.10 Effect of monitoring region on LND of simulated protocols

5.6 Conclusions

AsustainableWSNclustering protocol is proposed using FCMalgorithmand the per-
ception probability. The protocol aims at increasing network lifetime, while increas-
ing coverage area. This paper discussed the basic requirements of theWSN-based IoT
system for smart monitoring of the farmlands. In the literature framework, 2D and
3D WSNs are illustrated in detail, focusing the implementation aspects. A modified
LEACH is implemented to demonstrate the effect of hierarchical levels in clustering
techniques.

The proposed clustering protocol outperforms the existing conventional protocols
in terms of energy saving and network lifetime. Due to FCM algorithm, proper
clusters are formedwith significantly reduced intra-cluster distances. The appropriate
selection of CH based on perception probability distributed the network load evenly
among the nodes. For monitoring applications in agriculture, a maximum number of
nodes are required to be functional till the crop development period. The proposed
protocol sustains more than 50% of nodes for long period of time making it suitable
for agrarianmonitoring systems. The results observed in terms of alive nodes indicate
that the proposed protocol is energy efficient and sustainable.
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Chapter 6
Genetic Algorithm to Find Most
Optimum Growing Technique
for Multiple Cropping Using Big Data

Vinamra Das and Sunny Jain

Abstract In the present scenario, it is extremely important for any farmer to increase
his farmproductivity andusingmulti-farming techniques; it is oneof themost suitable
ways to achieve that (Paudel in J Nepal Agricu Res Council 2:37–45, 2016 [1]).
Many new farming techniques are being introduced to which a general farmer has
no access to and hence his growth rate is monotonous. Even after having the cutting-
edge technology and farming techniques, a general farmer has no access to any of it,
i.e. the outreach of information technology in farming is still very low. As the number
of parameters to optimize farm productivity increases, so thus the permutations of
number of techniques and hence expertise is needed to analyse the best farming
technique for the given scenario. Given so many existing techniques which vary over
even a slight change in parameters, only the experts in farming are adaptable to them
and hence it is extremely important to automate the technique generation process
so as to put the capability of generating the best farming output to a non-farming
expert. From the farmer’s point of view, smart farming should provide him with the
best crop output in the most sustainable manner. Moreover, multiple cropping over
single piece of land has become a necessity to meet the financial requirements and
the demand-supply chain in the market. Due to multiple crops being planted on the
same piece of land, it makes the technique generation process more ambiguous and
time-consuming. To tackle this problem, a big data analysis of farming parameters
might prove to be helpful (Wolfert et al. in Agricu Syst 153:69–80, 2014 [2]). Big
data analysis helps in exploiting large datasets computationally to observe hidden
patterns, trends and outcome of each technique. The combination of using smart
farming with the big data for multiple cropping can provide the most well-analysed
results and the complex patterns which are not perceivable to humans in providing
the most optimum use of farming resources under the given constraints. Using an
analysis algorithm over the big-dataset might be able to provide faster and precise
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techniques over the complex set of quantifiable parameters and widely changing
constraints.

Keywords Smart farming · Multiple cropping · Big data

6.1 Introduction

In order to increase the farming output of the land under various constraints and
parameters, aim is to utilize the big-dataset provided. Today, there are multiple num-
ber of agricultural challenges a farmer has to face including inadequate technology,
improper irrigation systems, climatic factors [3]. Various parameters affect the crop
productivity like soil type, types of fertilisers used, amount and frequency of water
given, dependability of multiple crops over each other when planted on a single
land, ambient temperature, amount of moisture, number and type of pesticides which
affects all the crops in themost optimumway, duration of sunlight exposure. Another
subjective parameter is the effect of past technique used in the present scenario and
the effect of present technique for the latter generation must be analysed and a way
to quantify is devised. In addition to this, it must be kept in mind that a well-balanced
farming structure has to be maintained which means the interdependence of various
parameters must be well dealt with. Since, almost all the parameters are interrelated
and all of them might affect the growth output in different weights, hence an algo-
rithm is needed which maintains an optimum balance according to the importance
of each parameter. For example, the change in amount of water given might result
in bigger changes in the crop output than the change in sunlight; hence, in this case,
more priority should be given towards optimization of water content in comparison
with amount of sunlight.

To implement this structure, genetic algorithm might prove to be helpful as it is
an evolutionary algorithm which foresees the effectivity of the proposed technique
by extracting data from big-dataset. Since the dataset is going to be very large hence,
the time complexity will also be huge to calculate the best offspring. Use of genetic
algorithm here ensures minimizing time complexity, since it works on probabilistic
approach to find better offsprings faster than usual iterative method as, herein, the
selection of gene with better fitness value is higher.

There is an estimate that more than 55% of Indians depend on farming alone [4],
out of which majority are residing in rural areas with negligible or no knowledge of
scientific approach of farming. For better farming techniques to be provided to every
farmer with proper analysis and expertise a huge amount of manpower is needed. For
example, various farmer helplines are introduced by the government, but the number
of experts is exponentially less than the number of farmers, resulting in delayed
response. In addition to that the expert’s advice is going to be less informed and less
precise as it is humanly impossible to retrieve and analyse big data.

Hence, the use of a big-dataset with the list of action of quantifiable parameters on
the crop cultivation and their outputs in a tabulatedway can help in analysing the crop
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outputs in every possible permutation quite effectively. Amethod of representing the
whole farming technique is applied in a binary string fashion, upon which the genetic
algorithm acts based on the constraints specified by the farmer in order to produce the
most optimum farming technique for the given multiple crops. As a result, the most
optimum technique for cultivation is generated which is completely personalized and
caters to the individual constraints of each farmer in form of a binary string of the
required parameters, which is delivered to the farmer in normalized language.

Smart farming has become the present need so as to produce the maximum crop
outputs, and genetic algorithm has been used in order to predict weather [5], which
ensure that the crops are safe from any climatic harsh and also determine the most
favourable time to grow them by predicting the weather conditions. Big data has
a huge effect on farming techniques. By providing information that can lead to
analysis of data revealing such trends which are not possible manually. IoT has made
information gathering much more effective and less time-consuming and drones are
being used to collect agricultural data efficiently [6]. Another important factor is the
land allocation technique while dealing with multiple crops. The division should be
done in the most optimal way such that the output of the land as a whole is highest.
[7]. Usage of different pesticides and their cross-cutting effects on each other also
has to be optimized while dealing with crops. Further, these problems become more
complex as the number of crops increases, as each crop has its own pesticide demands
and hence might lead to heavy cross-cutting needs. The multiple-cropping problem
is important as it has led to better yields and more cost-effective methods in the past,
but a thorough study on the past patterns was needed and hence high expertise is
needed. The abovemethods deal with every single aspect of farming individually and
have given reasonable results but the final crop output is a cumulative of a number
of factors such as soil fertility, exposure to sunlight, amount of water given, types of
pesticides used, soil type, fertilizers used so on and so forth. All of these play their
weighted roles in the final crop output. Amethod for tackling this problemofmultiple
parameters and quantifying them is introducing the use of genetic algorithms [8].
In the literature mentioned here, all the parameters are taken as a single equation
with each parameter having its own coefficients resembling the weight of each in the
final output. Then, the output function is maximized using genetic algorithm. This
method works well for problems with only one crop type, as the data for the function
has to be fetched from a database, hence an assumption is made that ample amount
of data is present for each of the crops. Thinking further, if the number of crops to
be cultivated increases, it is not possible to have the output data of each combination
(say there are 30 crops, then the number of crop combinations itself rises to 2ˆ30-1)
which is not a feasible number to have a database for. Note that these are just the
number of combinations the crops can be chosen, the database further requires data
points for each parameter to gain the knowledge as to how each parameter affects
the growth which will in turn increase the size of database further. Furthermore, if
any of the parameters is constrained in a way (say only a single soil type is present or
the amount of water is restricted), then the complexity increases even further to find
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the most optimum growing technique. Hence, the solution we propose is to look at
the whole growing technique as a bit string and using genetic algorithm to find the
technique with the highest fitness value. Advantages are that the output data for all
the crops’ data is no longer needed as ‘mirroring approach’ is used to determine the
approximate value for fitness of offspring taking in account the fitness value of the
parent generations.

6.2 Materials and Methodology

In order to implement the proposed algorithm, a big-dataset consisting of the list of
crops, soils used in past, fertilizers used, pesticides sprayed, amount and frequency
of water sprayed, time for which sunlight [9] is received throughout the day, amount
of moisture, temperature, humidity, previous crop output for that particular crop is
maintained. These data values are termed as input values and change over time as
more techniques are introduced by the farmer, hence the database evolves over time,
becoming vaster and covering a greater number of possibilities. Another set of values
ismaintained for each technique for that particular crop known as output values, these
values determine the validity of the technique and used in fitness function calculation
(a quantum for how good the technique is). The ‘output values’ consist of the number
of crops produced, number of crops planted, number of crop units sold in market,
time of yield and cost required for the whole technique.

Further, the following computations are done in the given order:

• Take the number of crops to be planted as N from the user.
• Check for any constraints entered by the user, for example, limited water supply,
limited sunlight or only a fixed type of soil present.

• Represent the whole farming technique by using a binary string and set the initial
standardized set of technique as parent generation.

• The whole binary string is divided into various subparts where each subpart repre-
senting a particular parameter and mutation [10] is only allowed between specific
bit of string.

• A fitness function is generated for each offspring (represented by a binary string)
and the fittest of them is selected and mutated for second generation.

• Note that the part of the binary string which represents the parameter constrained
by the user remains the same in every offspring and hence, its status is termed as
locked.

• The process of generating new offspring and calculating fitness function for muta-
tion leading to the production of the next generation is repeated until the required
fitness value is obtained.

• The binary, hence generated, represents the most suited farming techniques and is
converted into normal language for the user.
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6.2.1 Input

For input, take the number and name of crops the farmer intends to plant. The main
aim here is multi-cropping, so the farmer can grow more than one crop in the land.
The division of the land will solely be the choice of the user (Farmer) as the process
output will have no concerns with the land distribution decided before the initiation
of the process. The constraints also have to be given as input. For example, there
might be some rigid resources which cannot be changed by him such as only one type
of soil might be present. In such a scenario, parameter remains constant throughout
the process.

6.2.2 Representation of Input

Once the valid input is received from the user, retrieval of data takes place from
the big-dataset for the corresponding crop. Herein, the whole farming technique is
represented as a binary string where “1” represents the presence of any factor and
“0” represents the absence of those factors. The whole string is divided into various
substrings, each substring quantifying that parameter in terms of 0’s and 1’s in their
own way.

For example, (Fig. 6.1).

6.2.3 Representation of Each Factor

Soil type: The list of soils is taken in a particular order for each crop and 0 represents
the absence of that soil for the cropping technique and 1 represents the presence of
that soil for that technique. It can have multiple 1’s in its string representing that
more than one type of soil can be used.

Fertilizers user: In this case, we list the standardized fertilizers used for the
production of the listed crops, and here also, 1 represents the presence of that fertilizer
and 0 the absence. Same goes with the types and number of pesticides used [11].
Here also, multiple 1’s can be used as different fertilizers can be used for different
crops.

Fig. 6.1 Sample
representation of farming
technique as a bit string

1100101            0010101           010010 

Fertilizer bit      Pesticide bit       Soil bit 
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Table 6.1 Table representing
bit position and the
temperature range it shows

Position bit Temperature bit

1st 5–10

2nd 10–15

3rd 15–20

4th 20–25

5th 25–30

6th 30–35

Note
1. In the temperature and the water string and the Seasonal Growth
bit only one bit can be 1 as the presence of one condition surely
means the absence of others
2. Each factor represents the substring involved for the given input.
The Boolean value in these substrings may represent the range of
the factor or just their presence

Temperature and water used: These kinds of factors deal with ranges and the
position of each bit also holds significance apart from its value (0 or 1), here also 1
represents the presence of that temperature range and 0 the absence. We quantify the
temperature required for the given crops in temperature range as follows (Table 6.1).

6.3 Genetic Algorithm General Overview

GeneralOverviewof algorithm: Genetic algorithm is a brute force hit and trial algo-
rithm but with a probability roulette spinning method which increases the chances
of acceptance of the cases which might lead towards the result. This reduces time
complexity to a much larger extent [12].

Parent Generation selection: Initially, the parent generation is selected as the
binary bit string which represents the already existing or previously tried farming
technique of each crop which the farmer intends to plant. If he wants to plant a
total of 4 crops on his land (N = 4) and let our big-dataset contains a total of five
already tried techniques for each of the crops, then a total of 20 parent generations
(represented in the form of binary strings) are taken. Note that each single bit is
termed as chromosome in genetic algorithm terminology [13].

Fitness function calculation: Fitness function is basically the quantum of how to
fit our offspring or already existing parent generation is. In this case, fitness function
represents how good or effective the farming technique has been for that crop or
the combination of crops. We use a probability-based approach for the selection of
parents for mutation.Whichmeans themore fit generation hasmore chances of being
selected for mutation to produce future offsprings.

Next-generation production: The production of next generation of binary strings
is generally done by dividing the string into two parts and follows a criss-cross
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exchange operation between the chromosomes (bits). For example: 110011 and
011110, when mutated in the criss-cross manner will produce the offspring as fol-
lows:

Mutation 1: 110 011
The first three bits are taken from the first substring, and the last three bits are

taken from the second substrings
Mutation 2: 011 110
The first three bits are taken from the second substring, and the last three bits are

taken from the first substrings.
Evolution: Onmutation, the offsprings havingmost high fitness function have the

maximum probability of getting selected, the future generation produced generally
have the higher fitness value, and if not, they are rejected by the algorithm as their
probability of getting selected gets lower. This means that as we proceed further (as
the algorithm increases number of iterations) so thus increases the fitness values of
the offsprings; hence, selection of the fitter generations takes place.

Repetition: The process of mutation, fitness function calculation and next-
generation production takes place until the desired fitness value of any one of the
offsprings obtained, and that gene in the generation is our desired output. Then, we
find the curve of best fit to find the additional number of iterations in order to find
loop termination limit (Fig. 6.2).

Algorithm

Initialize n fitness factors as F[1], F[2]……F[n]
/*fitness values of n genes*/

for (i=1; i<n;i++)
{
sum=sum+f[i]
}
for (j=1; j<n;j++)
{
P[j]=f[j]/sum; /*P[j] stores the probability of selection
of F[j] gene*/
}
Initialize range [k]
/*defining the range of random() number generator for which
F[k] will be selected */
for (i=2;i<n;i++)
{
range [i] =P[i-1] to P[i]
}
for (k=1; k<number; k++)
/*k stores the number of genes to be selected for mutation */
{
r=random()
if (r=range[k])
select k
}
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Fig. 6.2 Flowchart of genetic algorithm
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6.4 Calculation of Fitness Function

Calculation of fitness function in genetic algorithm varies from case to case. In
general, it represents how close the fitness value of produced generation is close to
the desired fitness values. In certain cases, the final value of the fitness function is
absolute and known to the user in advance (generally its value being 1), this case
arises when we are dealing with more mathematically quantifiable problems like
finding solution to a multi-variable equation, determining the coefficients of curve
of best fit and so on. But in many other cases, majorly where a research output has
to be generated, the programmer lacks the knowledge of final of apex fitness value.
Same goes with this case as a definite value of fitness function is not known prior
to the system; hence, it lacks the knowledge as to when to stop the mutation-fitness
function generation loop. In order to limit the number of iterations, the following
steps are taken:

Consider three parent generations already existing, the initial fitness value of the
three parent generations are:

F1 = 0.60 (first gene)
F2 = 0.75 (second gene)
F3 = 0.45 (third gene)

The highest among the three is taken as the highest fitness value (HFV).
Here, HFV = 0.75
Here, the loop is continued until the point that the maximum value of fitness func-

tion of each generation (max) exceeds the HFV (that is 0.75 in this case). For predict-
ing the additional numbers of iterations from that point on, a number of increasing
curve fitting models are applied for the number of generation (x value) versus max-
imum fitness values for that generation (y value).

Note: Only ever-increasing curve fitting models are applied as the maximum fit-
ness value is expected to increase andhence over-fitting of curve is avoided.Quadratic
or any higher order polynomial might give a better fit, but there is a chance that while
equating it to 1 (to find the number of iterations), the roots might be negative, since
quadratic functions are not always increasing.

Regression models [14] applied are:

• Linear Function (y = ax + b)
• Exponential Function (y = abˆx)
• Logarithmic Function (y = a + b ln(x))
• Power Function (y = axˆb)

Whichever of the above four models shows the highest correlation value, that
model will be the most suitable for deciding the number of iterations, which is
computed by substituting the y value as 1. Here, Y value is taken as 1 because it is
the highest theoretical value any fitness function can obtain (Table 6.2; Figs. 6.3, 6.4,
6.5 and 6.6).
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Table 6.2 Table showing
sample fitness function values
versus generation number

x1 y1

1 0.62

2 0.63

3 0.65

4 0.69

5 0.68

6 0.68

7 0.70

8 0.72

9 0.73

10 0.75

A dummy dataset for number of iteration (x-axis) versusmaximum
fitness value for that generation (y-axis) is plotted, showing a loose
trend of increasing values
Various regression models are plotted to provide an approximate
value for number of generation when fitness value reaches its the-
oretical maximum value of ‘1’

Fig. 6.3 Exponential model
curve for the data in
Table 6.2

Exponential regression model showing a R2

value of 0.9422. 
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Fig. 6.4 Logarithmic model
curve for data in Table 6.2

Logarithmic regression model showing a R2

value of 0.886 

Fig. 6.5 Power model curve
for data in Table 6.2

Power regression model shows a R2

Coefficient of 0.898.

Since themaximum coefficient of correlation is shown by the linearmodel here, in
this case (0.9422), hence its graph is plotted for number of iterations versusmaximum
fitness value gene generated (Fig. 6.7).

It is seen that the x value becomes 1 for y = 28.6; hence, a total of 29 iterations
more will be done once the fitness value reaches HFV (0.75 in this case).
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Linear regression model shows maximum R2 
value of 0.9441, hence best curve fitting model. 

Fig. 6.6 Linear model curve for data in Table 6.2

Fig. 6.7 Representation of Linear curve fitted on the graph, with x value = 1 for y value = 29

6.5 Quantifying the Value of Fitness Function

The binary string here represents the whole farming technique, and hence the fitness
function value depends upon various parameters like amount of sunlight, water con-
tent provided, fertilizers used, pesticides used and so on, but these are input factors
and not available in database. Hence, output parameters are used to quantify the
fitness value (data retrieved from big-dataset).

Overcoming interdependence of internal factors is a major problem faced. Since
agricultural growth and farming outputs are dependent on a number of external
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factors and these factors do not affect the output independently but can also affect
each other in various combinations (interdependence of factors on each other). In
order to overcome such intermingling effects of factors over each other, only the final
output of growth is taken into account while fitness value calculation. This helps as
whatever interdependence the factors might have on each other it is directly reflected
in the output parameters like crop output and growth.

For example:One fertilizermight have a positive effect on that crop independently,
and another type of pesticide can also have a positive effect when used independently,
butwhen the fertilizer andpesticide combinations are used itmight lead to a degrading
effect over the crop production as a whole due to chemical action of the two over each
other. Hence while calculating the fitness function to tackle this problem, instead of
analysing the effect of both over each other, only the crop output versus crop input
ratio is taken into consideration, which in itself reflects the overall effect of the two
factors over the process. If 1000 seedlings are planted and only 200 grow fully due
to the two clashing factors, the fitness value corresponding to the above parameter
itself becomes 0.2 (200/1000).

6.5.1 Components for Calculation of Fitness Value (FV)

Crop output versus Crop Input (F1): In order to quantify the affectivity of farming
process as a whole, this factor ensures a consistent and overall healthy crop quality.
If “a” seedling is planted and “b” is able to fully grow for harvesting process, then
a/b is the F1 value.

Sold in market versus sent to market (F2): This factor provides a feasibly
computable way of determining the score which directly maps to the crop quality
without getting into the details of crop farming. Only the crop output is not the
quantum to declare a farming process as overall effective as it might be a possibility
that a high number of seedlings do get harvested but only a few of them are able to
match the threshold quality. Hence, taking the crops sold in market versus sent to
market gives us a number signifying the health of the harvested crops produced.

Standard time for yield versus time taken for actual yield (F3): Of all the crops
taken into account for calculation, one crop must be taking the minimum amount of
time to grow fully and its value is taken as ‘T 1’. The current generation take a time
of harvesting say T 2 (T 2 > T 1), hence T 1/T 2 ratio assures that the farming technique
gives effective results in a plausible amount of time. As the value of T 2 (time taken
for crop generation) increases, the T 1/T 2 factor decreases, signifying that more the
amount of time taken, lesser is the F3 value.

Minimum cost for one crop/cost required (F4): From the farmer’s point of view,
not only getting the best crop output in themost practical amount of time is important,
but so is the overall capital he has to invest for that process.More the capital required,
lesser will be the F4 value.

Self-learning factor (F5): From the point of view of the whole farming process,
it also matters that how is that technique going to affect the land or other farm-
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ing resources which might be used in future for some other crops. [15] Hence, the
self-learning factor is added which is the fitness value (FV) of the past generation
mentioned in that database, hence as time passes and number of times the algorithm
is implemented, this factor changes as it is in a recursive relation with the fitness
value of the past generation.

Note that self-learning factor is customized for each farmer as each farmer has his
own set of land and other farming resources, and self-learning factor remains constant
throughout the one whole technique production, and changes for every farmer as he
uses the algorithm, moreover, the span of time. It basically takes in consideration of
to what has been done to the land earlier and what will be its aftermath.

Hence, F5 gets better with each phase.

Average = (F1 + F2 + F3 + F4 + F5)/5 (6.1)

Consistency factor = 1 −
(

n∑
i=1

(Average − Fi)

)/
n, For every Fi, less than average, (6.2)

n is the number of factors having value less than the arithmetic mean

Fitness value = Consistency factor ∗ Average (6.3)

The consistency factor ensures that the fitness value (FV) is not a sheer average of
all the values as it is a possibility that a considerably high value of one factor might
compensate the lower value of another, hence giving a decent average but the overall
farming technique might not be up to mark.

For example: For two factors, consider F1 = 0.4 and F2 = 0.9. Its average is 0.65
[(0.4 + 0.9)/2], but the two values are not consistent hence compromising with the
overall fitness quality of the technique. For this case:

Consistency factor = 1−(0.65−0.4)/1 = 0.75.
Fitness value = 0.75*0.65 = 0.4875.
For a second case take F1 = 0.6 and F2 = 0.7, here also average = 0.65 [(0.4 +
0.9)/2].
But, consistency factor = 1−(0.65−0.6)/1 = 0.95.
Fitness value = 0.95*0.65 = 0.6175.

It is seen that as the data becomes more and more consistent the value of consis-
tency factor increases and it, when multiplied with average, ensures a higher average
value in addition with the consistency of values.

Note: In order to maintain a minimum level of fitness of each of the factors (F1,
F2, F3, F4, F5), if any generation with any of the values less than a threshold value
(0.2) is encountered, that whole generation is rejected no matter, however, high the
overall average might be, as such a low value of any factor renders the whole farming
technique ineffective.
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Algorithm:

Initialize F1, F2, F3, F4, F5
/* 5 factors cumulating to fitness value */

Initialize count=0
average= (F1+F2+F3+F4+F5)/5;
X=Average
for (i=1; i<5; i++)
{
if (fi<average)
{
x=x-fi
count=count+1;
}
}
consistency_factor=1-X/count;
fitness_value=consistency_factor*average;

6.5.2 Mirroring Approach

To find the fitness value of the upcoming generations, since there are no resources in
database to calculate the F1, F2, F3, F4, F5 values for every possible combination,
hence a mirroring approach is applied for finding the FV of that gene. Let the gene
G come from mutation of G1 and G2 with fitness values FV1 and FV2. In order to
calculate the fitness factor of G (let FV), a, mirror approach is applied by analysing
the amount of resemblance it shows to its parent. More the amount of resemblance
towards a fitter parent gene, more will be the FV value. For example: if the parent
generation have bit strings as 100101 (fitness value FV1) and 100111 (fitness value
FV2), and let the child offspring’s string be 111011, then compare each bit which
resembles the parent one, which gives a resemblance factor of 2/6 (2 bits at the same
position as the parent gene) for the first one and 3/6 (3 bits at the same position as
the parent gene) for the second one, hence its fitness index becomes ((FV1 × 2/6)
+ (FV2 × 3/6)). The remaining bits which represent none of the parent genes (loss
due to criss-cross mutation), the average of FV1 and FV2 is taken. In this case, the
remaining (1/6)th portion is taken as ((FV1 + FV2)/2) × (1/6).

6.5.3 Mutation

Once the fitness value is calculated for every gene in the given generation, mutation
of the fitter genes has to be done with higher probability. In order to ensure that the
following method is undertaken:

Let the present generation genes have fitness values as FV1 = 0.4, FV2 = 0.6,
FV3 = 0.75, FV4 = 0.65.
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From the above case, the probability of selection of FV3 should be the highest as
it is the gene with highest fitness value (0.75), and probability of picking FV1 should
be the lowest (fitness value = 0.4). Hence, a fitness function summation (FFS) is
computed and probability of selection of each gene:

Probability of selection of a gene formutation

= (fitness value)/(fitness function summation) (6.4)

Let it be termed as the P function.
Then,

P(FV1) = 0.40/(0.4 + 0.6 + 0.75 + 0.65) = 0.17.
P(FV2) = 0.60/(0.4 + 0.6 + 0.75 + 0.65) = 0.25.
P(FV3) = 0.75/(0.4 + 0.6 + 0.75 + 0.65) = 0.31.
P(FV4) = 0.65/(0.4 + 0.6 + 0.75 + 0.65) = 0.27.

In order to facilitate such a selection which is directly proportional to the above-
given probabilities, a random number generator is used which produces a totally
random value ranging from 0 to 1.

If the value lies in 0–0.17: FV1 gene is selected for mutation.
If value lies in 0.17–0.42 (0.17 + 0.25): FV2 is selected for mutation.
If value lies in 0.42–0.73 (0.42 + 0.31): FV3 is selected for mutation.
If value lies in 0.73–1.00 (0.73 + 0.27): FV4 is selected for mutation.

The random number generator is executed for a limited number of times (equal to
the number of parent genes needed for mutation) and the parent gene hence selected
is mutated pairwise.

6.5.4 Evolution

In order to facilitate the generation of better offsprings, the above processes of parent
generation, fitness value calculation and mutation is repeated until the desired output
is reached. The final string hence produced represents the best possible technique
for the crop production under the given requirements.

6.6 Conclusion

With the increase in parameters governing crop outputs and the simultaneous increase
in the number of crops has made the selection procedure ambiguous even for the
trained professionals in the farming sector without computational aid. Having a big
database proves to be helpful over having manual expertise. The genetic algorithm
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solution proposed provides a way to analyse the big data to produce the most opti-
mum farming technique under the given constraints, with less time complexity. The
automation of ‘farming technique generation process’ has the potential to give a
large number of farmers (currently lacking technical support) the ability to get the
best of agricultural practices with much less hassle, like approaching for manual
help. Representing the presence or absence of factors as bits and mirroring approach
for calculation of fitness factor covers a wide range of crop permutations. Hence,
using this technology in future and aiming to make it available in hands of as much
farmers as possible will give them the ability to get the most optimized production
techniques under the given set of constraints most optimally. Another direction for
future research includes introduction of smarter and faster IoT-based devices which
if used in unison with our proposed method [16], will be capable to remove human
intervention to a much larger extent.

The drawbacks include the cross-cutting negative effects that might arise from
fusion of multiple parameters such as a pesticide and a fertilizer might work well
individually for crop production, but when used together give rise to negative effects
on the crop.Keeping this inmind, future scope of thiswork indicates towards addition
of computational chemistry tools to better identify their outcomes on the crop output.
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Chapter 7
A Study on Strength Properties and Cost
Analysis of Industrial Byproduct-Based
Ternary Blended Geopolymer Concrete

Kuunreddy Srinivas Reddy and S. Bala Murugan

Abstract Flyash, ground granulated blast-furnace slag (GGBFS) and Alccofine are
industrial byproduct materials and require large area of land for the safe disposal.
These byproducts which are rich in alumina and silica can be value added, by using
as binder in geopolymer concrete. The industrial byproducts are activated by NaOH-
or KOH-based alkaline solution. Effective utilization of industrial byproducts in the
construction industry will reduce the impact on the environment, which is caused due
to ordinary portland cement (OPC). Previous studies on geopolymer concrete are at
high molarity of NaOH and curing adopted is hot air oven curing for the effective
polymerization of binder material and the alkaline activator solution (AAS). The
present study is aimed to understand the effect of Alccofine as a ternary binder
in geopolymer concrete at low molarities of NaOH-based alkaline solution under
ambient temperature curing. Flyash, GGBFS, and Alccofine are the binder materials
considered in geopolymer concrete by complete replacement of OPC. The ratio of
Na2SiO3 to NaOH is fixed at 2.5 for all the geopolymer concrete mixes. Msand is
used as fine aggregate by replacingwith river sand in geopolymer concrete. The study
also focused on comparing the compressive strength, split tensile strength, flexural
strength, and cost analysis of ternary blended geopolymer concretewith conventional
concrete of M30 grade. It is observed from the results that the geopolymer concrete
has attained better strength properties than OPC concrete at the lesser cost and the
impact on environment is reduced.

Keywords Flyash · GGBFS · Alccofine ·Msand · Alkaline solution ·
Geopolymer concrete
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7.1 Introduction

Production of ordinary portland cement (OPC) is energy intensive, and large amount
of CO2 gases are released into the atmosphere, which is the primary source of global
warming [1–3]. The available natural resources (limestone) are consumed at faster
rate due to increase in production of OPC. By replacing the conventional concrete
with geopolymer concrete, theCO2 emissions are reduced and the impact on the envi-
ronment is reduced and the available natural resources are protected for the future
generation without compromising the present need (sustainability) [4]. The geopoly-
mer concrete is manufactured by utilizing the byproduct materials generated from
the thermal power plant, iron and steel industries. The industrial byproduct materials
which are rich in silica and alumina are used as primary source of binder in geopoly-
mer concrete [5]. Industrial solid byproductmaterials such as flyash, GGBFS, bottom
ash, copper slag, palm oil fuel ash, and Alccofine are activated by sodium/potassium-
based alkaline solution to form the geopolymer concrete which is a “green concrete”
[6–8]. It is identified the following factors are affecting the compressive strength
of geopolymer concrete: source type and percentage of binder materials, molarity
of the NaOH, and ratio of the Na2SiO3/NaOH and method of curing adopted [9].
Geopolymer concrete has better mechanical and durability properties than OPC con-
crete [10]. Different trial mixes are done to identify the M30 grade of geopolymer
concrete by varying the proportions of constituent’s materials of geopolymer con-
crete. The compressive strength, split tensile strength, and flexural strength of ternary
blended geopolymer concrete with different percentages of Alccofine, and the effect
of compressive strength on lowmolarities of NaOHwas studied. The study also com-
pared the cost analysis of geopolymer concrete for M30 grade with OPC concrete of
similar grade. In the present study due to the shortage of good quality Natural River
sand, msand is used as fine aggregates.

7.2 Materials

7.2.1 Flyash

Low-calcium class F flyash is produced by burning bituminous coal (IS: 3812-2003)
[11]. Flyash is obtained from Kakatiya Thermal Power Plant, Telangana. Elemental
compositions of the flyash obtained from the EDAX are shown in Table 7.1, and
Fig. 7.1 shows the SEM and EDAX analysis of flyash. From the SEM analysis,
the particle shape of the flyash particles is spherical, which helps in improving the
workability of the geopolymer concrete.
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Table 7.1 Weight percentage of elements present in the binder materials

Element C O Al Si Ca Mg Br

Flyash 59.19 31.99 2.75 6.07 – – –

GGBFS 38.52 36.19 3.84 8.36 13.09 – –

Alccofine 45.69 35.26 4.01 6.38 8.66 – –

Fig. 7.1 Images of SEM and EDAX of flyash

7.2.2 Ground Granulated Blast-Furnace Slag (GGBFS)

Ground granulated blast furnace was purchased from the local distributor in Chen-
nai. Ground granulated blast-furnace slag is the byproduct obtained from steel man-
ufacturing industry. The elemental composition of GGBFS obtained from EDAX is
presented in Table 7.1. From the SEM analysis, the shape of the GGBFS particle is
angular. Figure 7.2 shows the SEM and EDAX of GGBFS.

7.2.3 Alccofine 1203 (ASTM C 989-1989)

Alccofine the industrial byproduct is obtained from Counto Microfine products Pvt.
Ltd. Elemental composition of the Alccofine is provided in Table 7.1. From the SEM

Fig. 7.2 Images of SEM and EDAX of GGBFS
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particle, the shape of the Alccofine is angular. Figure 7.3 shows the SEM and EDAX
of the Alccofine. The ultra-fine material helps in filling the pores in the concrete.
This Alccofine 1203 helps increase in particle packing and reduces the pores in the
concrete. Alccofine 1203 improves the workability of the concrete.

7.2.4 Aggregates

Due to the shortage of good quality of natural river sand, it is replaced 100%bymsand
as fine aggregates. Mining of river sand in India is banned due to the deepening of
the water table, erosion of river banks, diversion of natural river flow, and widening
of the streammouths [12]. Msand is collected from the granite quarry site in Vellore,
Tamilnadu. Sieve analysis for the msand was conducted, and msand falls under
the zone II [13]. Figure 7.4 shows the sieve analysis graph of msand. The fineness
modulus of msand is 3.2. The size of the coarse aggregates used is retained on
12.5 mm and passing through 20 mm.

Fig. 7.3 Images of SEM and EDAX of Alccofine

Fig. 7.4 Sieve analysis of msand
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7.2.5 Alkaline Solution

Alkaline solution acts as a hardening agent in the geopolymer concrete. The combi-
nation of sodium hydroxide and sodium silicate is alkaline solution. Sodium silicate
and sodium hydroxide are purchased at Vellore. In the present study, the ratio of
sodium silicate to sodium hydroxide is fixed to 2.5 and sodium hydroxide molarities
is varied from 0.5, 1, 2, and 3 for all the replacement percentages of flyash with
Alccofine, i.e., 5, 10, and 15%. Sodium hydroxide is 99% pure without impurities.
The mass ratio of sodium to silicate in sodium silicate is 1:2.23.

7.2.6 Superplasticizer (ASTM C494-2017)

Naphthalene-based superplasticizer is used in the study to improve the workability
of the geopolymer concrete. In the present study, 1.5% of binder is used as the
superplasticizer content in all the mixes.

7.3 Experimental Work

7.3.1 Manufacturing and Casting of Ternary Blended
Geopolymer Concrete

Mix design of geopolymer is trial and error method, mix design is continued until we
attain the required strength and workability parameters, and the mix design should
be economical when compared to similar grade of OPC concrete. Previous studies
on the geopolymer concrete mix design depend on the fineness of binder material
[14, 15], molarity of NaOH, ratio of Na2SiO3/NaOH ratio [16], water to binder ratio
[17], alkaline to binder ratio, and the method adopted for curing [18]. In the present
study, mix design of ternary blended geopolymer concrete was done according to
the Lloyd and Rangan [19]. The following factors are considered in the mix design
of geopolymer concrete, alkaline to binder 0.4, water to binder 0.15, and Na2SiO3 to
NaOH 2.5, and the alkaline solution should be prepared at least 24 h before mixing in
the concrete. Different molarities of NaOH are 0.5, 1, 2, and 3 in all the replacement
levels of flyash with Alccofine, i.e., 5, 10, and 15%.

Manufacturing of geopolymer concrete is similar to that of OPC concrete. Col-
lect all the dry material in required quantities. Control mix of M30 grade and 12
geopolymer concrete mixes are casted, and details of the mix proportions are given
in Table 7.2. Mix all the dry materials for 4 min until it attains uniform distribution
of aggregates and add the liquid components to the mixture, and mix is continued
for another 4 min until the mix has become homogeneous. Place the concrete in the
cube mold of 100 × 100 × 100 mm in three different layers, and place the cube
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molds on vibration table for 20–40 seconds to expel air from the concrete. After 24 h
of casting demold, the cubes and place the cubes in room temperature till the age of
testing, i.e., 7 and 28 days [20]. The rate of loading applied is 2.5 MPa.

7.4 Results and Discussion

7.4.1 Compressive Strength

The quality of concrete is based on the compressive strength. Compressive strength
is determined according to the IS codes 516 [20]. Compressive strength results are
shown in Fig. 7.5. The compressive strength is the average strength of three cubes.
The mixes with 3 molarity NaOH have obtained higher compressive strength at all
the 5, 10, and 15% replacement of flyash with Alccofine due to effective leaching
of Si and Al to form a hardened geopolymer concrete. The mix 12 with 35% flyash,
50% GGBFS, and 15% Alccofine at 3 molarity NaOH has effective dissolution of Si
and Al in the alkaline solution, high calcium content, and high particle packing on
comparing with other geopolymer concrete mixes, resulted in highest compressive
strength of 62 MPa at 28 days. The similar findings were observed by Jariwala et al.
[21–23]. The mix 1 with 45% flyash, 50%GGBFS, and 5%Alccofine at 0.5 molarity
NaOHhas obtained the lowest compressive strength of 26.1MPa at 28 days due to the
leaching of Si, and Al is less in the alkaline solution and low calcium content in the
mix. Calcium content improves the strength of geopolymer concrete. Geopolymer
concrete mixes have attained its 95% of compressive strength in 7 days compared
with OPC concrete. The mix 7 with 40% flyash, 50% GGBFS, and 10% Alccofine
at 2 molar NaOH has attained a compressive strength of 40.2 MPa which is similar
to the target strength of M30 OPC concrete.
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Fig. 7.5 Details of compressive strength
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Fig. 7.6 Split tensile strength of OPC and GPC

7.4.2 Split Tensile Strength

Split tensile strength is used to determine the indirect tensile strength of concrete as
per (IS 5816). Concrete is weak in tension, and it is necessary to determine the tensile
strength of concrete. Cylindrical mold of dimension 100 mm diameter and 200 mm
height is used to caste the specimens. The average of three-cylinder specimens is
taken as the split tensile strength. From the compressive strength results, the mix 7
has obtained the optimum compressive strength of M30 grade. The mix 7 is 100%
geopolymer concrete (GPC). From Fig.7.6, geopolymer concrete specimens have
obtained the split tensile strength of 3.35 and 3.48 MPa at 7 and 28 days. The split
tensile strength of GPC is comparatively higher than OPC in all the 7 and 28 days.

7.4.3 Flexural Strength of the Ternary Blended Geopolymer
Concrete

Flexural strength of concrete is determined by casting the beam specimen of 100 ×
100 × 400 mm. Flexural strength helps in finding the bending strength of concrete
without reinforcement. From Fig. 7.7, GPC specimens have high flexural strength of
4.26 and 4.4 MPa at 7 and 28 days than OPC specimens.

7.4.4 Cost Analysis of Ternary Blended Geopolymer Concrete

The cost analysis of geopolymer concrete is done based on the standard schedule
rates. The price of all the materials is mentioned in Table 7.3. Cost analysis of ternary
blended geopolymer concrete is done for 1 m3.
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Fig. 7.7 Flexural strength of OPC and GPC

Table 7.3 Details of material
cost

Material Rupees Unit

Cement 8 Kg

Coarse aggregate 1065 Cum

Fine aggregate (msand) 600 Cum

Flyash 72 Cum

GGBFS 2 Kg

Alccofine 5 Kg

Sodium silicate 9 Kg

Sodium hydroxide 25 Kg

Superplasticizer 200 Kg

From the cost analysis shown in Table 7.4, manufacturing cost of 1m3 of geopoly-
mer concrete is 3986.03 rupees and OPC concrete is 5004.17 rupees. The manufac-
turing of geopolymer concrete is economical in the construction industry than OPC
concrete. Similarly, cost analysis is done for all themixes of ternary blended geopoly-
mer concrete. From Fig. 7.8, cost of all the geopolymer concrete mixes is less than
that of OPC concrete and the compressive strength attained is 62 MPa for the mix
12 which is equal to the M60 grade.
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Table 7.4 Cost analysis of geopolymer concrete and ordinary portland cement (OPC) concrete for
1 m3 of M30

S.No. Material Rate Unit Geopolymer
concrete

OPC concrete

Quantity Amount Quantity Amount

1 Cement 8 Kg 0 0 350.22 2801

2 Flyash 72 Cum 157.6 9.456 0 0

3 GGBFS 2 Kg 197 394 0 0

4 Alccofine 5 Kg 39.4 197 0 0

5 Coarse aggregate 1065 Cum 1108 808.84 1213.5 890.7

6 Fine aggregate 600 Cum 739 295.6 698.16 261.81

7 Sodium silicate 9 Kg 112.12 1009 0 0

8 Sodium hydroxide 25 Kg 3.588 90.14 0 0

9 Superplasticizer 200 Kg 5.91 1182 5.25 1050.66

Total 3986.03 5004.17

All the quantities are in kg/m3 and amount in rupees

Fig. 7.8 Cost of all the mixes (amount in rupees)

7.5 Conclusions

• Incorporating the industrial byproducts as a binder in geopolymer concrete reduces
the impact on the environment, and the problem due to the disposal of byproducts
is minimized.

• The production cost of geopolymer concrete is less compared to the production
cost ofOPC concrete, and the percentage decrease in production cost is 20.35%.At
higher grades of geopolymer concrete, higher amount of production cost is saved



7 A Study on Strength Properties and Cost Analysis of Industrial … 105

on comparing with the OPC concrete of similar grade without compromising the
compressive strength.

• With increase in the percentage of Alccofine, the compressive strength is increased
due to high particle packing, and with increase in the NaOH concentration in the
alkaline solution, the compressive strength is increased due to effective dissolution
of Si and Al.

• The energy required for manufacturing of geopolymer concrete is less than the
OPC concrete.

• The split tensile strength of GPC specimen is higher than the OPC specimens. The
percentage increase in the split tensile strength of GPC is 36.18 and 6.75 at 7 and
28 days.

• The flexural strength of GPC specimens is higher than OPC specimens. The per-
centage increase in the flexural strength is 36.1 and 6.02 at 7 and 28 days.

• By incorporating the Alccofine in geopolymer concrete improves the compressive
strength in ambient temperature curing at low molarities of NaOH and the energy
consumption is minimized.
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Chapter 8
Monitoring Quality of Tap Water
in Cities Using IoT

Asis Kumar Tripathy , Tapan Kumar Das
and Chiranji Lal Chowdhary

Abstract During the past decade, water requirement has increased many folds in
India. However, it has turned out to be a major challenge for the world in matching
the increasing demand for water supply. In other hands, water resource has been con-
tinuously polluting due to apathetic usage of water, natural and man-made calamity,
global warming, sewages, and garbage. Optimal utility of this resource and above all
its preservation is the only way to safeguard future life as it is well known that water
is life. In this paper, we present a framework based on Internet of Things (IoT) for
water monitoring and control activity, which supports Internet-based data collection
on a real-time basis. The system addresses the issue of flow rate measuring and in
the same time, this study proposes a method to check wastage of water. It has the
provision to measure the quality of water dispensed to every household by deploying
PH and conductivity sensors.

Keywords IoT · PH sensor ·Wi-Fi · Conductivity sensor ·Water quality

8.1 Introduction

The World Health Organization (WHO) has reported that 77 million individuals in
India struggle to get clean water. In addition to this, the root cause of one-fifth of
sicknesses is hazardous water. In other statistics, it has been stated that 1600 deaths
are caused because of loose bowels every day, which is also the consequence of
consumption of contaminated water. The crumbling of water assets turns into a typ-
ical issue for a human being. The conventional strategies for screening water quality
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Table 8.1 Specified parameters of water and their quality range

Parameters Range Resolution Accuracy Quality range

Turbidity 0–100 NTU 0.1 ±0.5 0–5

ORP −2000 to 2000 mV 2 ±10 600–800

pH 0–14 0.05 ±0.1 6.5–8.5

Conductivity 100–20,000 µS/cm 10 5% 500–1000

Temperature −5–100 °C 0.1 ±0.1 –

Flow 1–115 L/min 0.0015 15% –

include the manual accumulation of water test from various areas. These water tests
are tried in the laboratory utilizing the diagnostic innovations. Such methodologies
are tedious and did not really to be viewed as proficient. In addition, the flow proce-
dures incorporate an examination of different sorts of parameters of water quality, for
example, physical and synthetic. Customary strategies for the water quality recogni-
tion have the detriments like entangled system, long sitting tight time for results, low
estimation exactness, and high cost. Along these lines, there is a need for non-stop
checking of quality parameters progressively. Different parameters of water and their
range to ensure the quality of water are depicted in Table 8.1.

The IoT turns into an establishment for interfacing objects, sensors, and other
shrewd advances. IoT is an augmentation of the Web. It gives prompt access to data
about physical protests and prompts imaginative administration with high effective-
ness and productivity [1]. There are a few vital advancements identified with the IoT.
They are pervasive processing, RFIP, remote sensing, and distributed computing.
Distributed computing is an extensive scale, ease preparing unit, which depends on
IP, an association for estimation and capacity. The qualities of distributed computing
have been examined in various papers [2–6]. The IoT application zones incorporate
home robotization, water condition observing, water quality checking, and so on; the
water quality checking application includes expansive dispersed exhibit of observ-
ing sensor and an extensive circulation organize [7, 8]. It likewise requires isolate
checking calculations as inspected in [9, 10]. Above all, various forms of automation
were made simpler by using IoT [11].

8.2 Preliminaries

The capacity to screen water level and to shield water from wastage is a critical
issue through the fields of the earth and additionally building. The IoT framework
is controlling the flow of water through solenoid valves which are controlled by the
ultrasonic sensors, water quality sensors, and stream rate sensors. The block diagram
for the IoT framework is depicted in Fig. 8.1. There are different subsystemsworking
for thismodel: (a) focal estimation: it gathers thewater quality from the sensors, stores
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Fig. 8.1 Block diagram of the model

in a database, and then transmits information to different hubs; (b) sending message:
after the focal estimation, hub gathers all the information; it will analyze the data and
finally, sends email or messages to the responsible persons. Solenoid valve is used
to close the principle water valve from capacity tank in the event of any pollution
found. The focal estimation hub fills in as the sensor hub. The thought is to introduce
these sensor hubs in numerous buyer destinations in a spatially distributed way to
shape a WSN that will screen the drinking water quality in the water conveyance
framework from the source to the tap.

8.3 Proposed Methodology

The proposed IoT system can be utilized in any of the water tanks, where there is a
need to have safe water and minimization of water loss. Whenever the water will be
supplied to the water tanks, at that point of time, the pH level of the water will be
checked. If the PH level of the supplied water is within the predefined range then we
can check the conductivity of water. In this case, when both the pH and conductivity
of the supplied water are not in the safe range, then the water supply can be blocked
to all the household tanks by blocking the respective valves. We can continue the
same process until the water comes in a safe range. Once the water tanks get full
based on the availability of safe waters, then the valves will be opened for household
use. This model also looks after equal distribution to all the consumers. All the data
we are using here for the quality purpose will be sent to the cloud for future use.
Once the data are available in the cloud, it can be accessed from anywhere in the
world by using authentication mechanism. The quality check and flow of water can
be monitored through the Web once the data are available on cloud. In Fig. 8.2, the
methodology of the proposed scheme is described.
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Fig. 8.2 Working model of the proposed scheme

Fig. 8.3 Detailed description of the Arduino system

8.3.1 Detailed Diagram of the System

In this model, the Raspberry Pi and one Arduino board are used for communication
purpose. Different sensors are used for data collection, and the examples of those
sensors are flow sensor, level sensor, GSM module, and a turbidity sensor. The
hardware used in this model is showcased in Fig. 8.3.

The Raspberry Pi, we used in this model, is a tiny size computer board capable
of processing the data received from different sensors. Most of the IoT applications
prefer to use Raspberry Pi devices for the implementation; as a result, it gives better
performance in terms of lifetime. The Raspberry Pi device collects all the data from
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the Arduino board and sends it to the cloud continuously. We are using here the
microcontroller of 8 bits which is attached to the Arduino nano-board. It has fourteen
input/output pins to be connected to the sensors. The level sensors and theflowsensors
used in this model are always connected to the analog input pins and to digital input
pins, respectively. Whereas, the water flow sensors measure the amount of liquid
flown through that valve. The flow rate of the water is calculated in milliliter/sec. In
addition, the quantity of suspended particles in the water is measured by the turbidity
sensors.

8.4 Results and Discussion

It is highly recommended by some applications to observe the quality of the water
before using it. For example, if you want to use any lake water for drinking purpose
then your first job is to test the quality of the water. Pollution detection in drinking
water is another important application, which requires a different strategy for check-
ing the quality of the water. In this framework, the water quality parameters can be
show cased on the Web by utilizing cloud computing paradigm. All the parameters
collected from the water samples are kept in some independent servers on the cloud.
The water quality parameters can be seen by the authorized devices on the cloud.

Figure 8.4 demonstrates the quality of the water by using different scenarios based
on IoT platform.

8.4.1 Configuring the Wi-Fi Module

The ESP8266 device Wi-Fi is configured in such a way that it can send/receive
data toward the server. The Wi-Fi device is first connected to the Arduino and then
programmed to send data to the server. Table 8.2 represents connections of ESP8266
to Arduino.

After flashing the module, the RX and TX pins are reversed and the Arduino
device can be programmed to send or receive data. Figure 8.5 shows the setup for
configuring the Wi-Fi module.

Fig. 8.4 Performance
analysis of the model
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Table 8.2 Connection of ESP 8266 to Arduino for flashing

ESP8266 Arduino Uno

RX Receive

TX Transmit

GND Ground

RESET Ground

CH_PD 3.3 V (external supply)

VCC 3.3 V (external supply)

Fig. 8.5 Setup for configuring the ESP 8266

8.4.2 Calibration of pH Sensor

The steps to calibrate a pH sensor are:

• Take two buffer solutions with pH 4.00 and pH 9.20.
• First, dip the probe in the 4.00 pH buffer solution and set the sensor to get pH as
4.00.

• Wash the probe with distilled water.
• Dip the probe in the 9.20 pH buffer solution and check the sensor reading. The
reading could be less or more than 9.20. The difference in the reading is the error.

• Then, take the solution for which the pH is to be obtained.
• Dip the probe into the solution and get the reading.
• Actual pH = pH reading ± error.

First, the average value of six sample values is taken by storing in a buffer. Then,
the analog average value is converted to millivolt (mV) using the formula: Value =
average value * 5.0/1024/6. Then, the value of the PH can be calculated by using the
formula as, pH Value = 3.5* Value + Offset; offset is a parameter to change for the
calibration.
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8.5 Conclusion

The system explains continuous monitoring of the quality of water supplied to the
household automatically. The automation of this process would simplify and would
enable to impose the strict quality check standards by the authority. In addition to
this, the prevailing practice of the manual field tour for auditing would be resolved.
However, the recorded water quality time-series data can be further analyzed to have
more insights as to how the quality of water is affected by monsoon or in summer or
by wind speed and by different geographical parameters.
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Chapter 9
Smart Bin with Automated Metal
Segregation and Optimal Distribution
of the Bins

K. C. Saranya, Vijayaraj Sujan, Balasubramanian Abivishaq
and K. Nithish Kanna

Abstract Waste management has become a serious issue, especially in developing
countrieswith very high population. Lack of bins or proper disposal facilities remains
a problem to date. Various governments are also trying hard to push for a cleaner
nation by helping curb pollution and improving public sanitation. The smart bin
is an important and significant application to deliver cleanliness. A smart bin with
automated metal and non-metal segregator is modeled. Using NodeMCU, the level
of the bin is monitored in real time and sent to the cloud for further analysis. A novel
mathematical model to calculate the most optimal way of distributing the bins in one
dimension has also been discussed. Tourist areas, parks, educational institutions, etc.,
can use the bins in a network to improve sanitation.

Keywords Smart waste management · IoT · ThingSpeak · IFTTT · Smart bin

9.1 Introduction

Conventional waste collection techniques can be dirty and tedious with overflowing
bins being emptied too late, and garbage trucks wasting fuel due to poorly planned
collection routes and timings. However, smart waste management technologies offer
promising solutions to reduce the operational costs and environmental problems asso-
ciated with the inefficient waste collection. Smart bins are one of the most important
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applications among smart waste management technologies. It helps to reduce human
effort and improve the quality of disposal. Generally, communication chips are used
to transfer the data recorded from suitable sensors in the bin. Recycling of waste is an
important aspect, but since waste is generally heterogeneous, it becomes difficult to
extract the requiredmaterial. This problem can be overcome by segregating wastes at
the source. Information such as fill level can help higher authorities to ensure smooth
working of the waste management system.

Much of the literature related to smart bins have fill-level monitoring systems.
Ramson et al. [1] have made such a system that sends data to a centralized system.
Their work includes waste level sensing, communication to a central system, and an
application to display the gathered information. Ultrasonic sensors have widely been
used for fill-level identification. In some papers, image processing has been used to
determine the fill level. Hannan et al. [2] have used a content-based image retrieval
system to estimate the bin level more accurately than the usual ultrasonic setup.
Aziz et al. [3] have also used image processing to detect the position and orientation
of the bin to check if the bin is empty, partially filled, or full. Optimization of the
collection route is also an important result to be determined from fill-level data [4].
The GIS and remote sensing techniques have also been able to reduce the distance
travelled by garbage trucks [5]. A wide range of communication devices has been
incorporated with smart bins for IoT applications. Frugal Labs have incorporated
LoRa technology which uses low power for data communication. MQTT protocol
is used for uploading the data to the cloud [6]. ZigBee-PRO and GPRS have also
been used for the communication of data from ultrasonic sensors [7]. Wireless mon-
itoring unit (WMU) and wireless access point unit (WAPU) have also been utilized.
Power consumption can be minimized by powering the sensors via an RFID tag [8,
9]. A smart recycle bin has also been proposed for selective materials using RFID
technology. It can assist the user in classifying materials and calculate the weight
of waste thrown inside [10]. Waste segregation at the source helps in efficient recy-
cling. Razari Tomari et al. [11] have developed a reverse vending machine which
is said to be an efficient system for recycling. Rajkamal et al. [12] have proposed a
GREENBIN which can segregate waste automatically and is also used to generate
energy from waste.

Much of the existing literature focuses on using fill-level data for calculating
optimal collection routes. A novel method of using fill-level data to compute the
optimal placement of bins is shown here. The algorithm is stated and the results when
tested withMATLAB have been included. The level of the proposed bin is monitored
using an ultrasonic sensor. The bin can also segregate metal and non-metals using a
basic RLC circuit which is activated only in the presence of a user. This can help to
segregatewastes andmaintain cleanliness, besides saving fuel costs of garbage trucks
and reducing manpower. Internet of Things (IoT) has been employed to monitor the
level of the bin and transmit data. ThingSpeak, an IOT platform is used to store and
visualize data from the ultrasonic sensor that is sent via NodeMCU. If This Then That
(IFTTT), a free Web-based service, is linked to Thingspeak and is used to trigger an
alert email.
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The details of the hardware of the bin with appropriate pictures and a flowchart
explaining the logic of operation have been discussed in Sect. 9.2. The role of IoT to
monitor the level of the bin and the transfer of data is described in Sect. 9.3. Analysis
of real-time data is also done with the help of an algorithm for finding the optimal
distribution of bins. The results have been presented in Sect. 9.4. Conclusion and the
future scope of the project are highlighted in Sect. 9.5.

9.2 System Description

A bin is divided into two halves by means of a partition. A plate is fixed to the bin
such that its diameter is attached to the top end of the partition (Fig. 9.1). An Arduino
Uno and an ESP8266 Wi-Fi SoC powered by a 9 V battery are used. The bin has
three basic features.

9.2.1 Metal/Non-metal Segregator

A basic RLC metal detector circuit is used as shown in Fig. 9.2. It is excited with
a square wave pulse and the output voltage is taken across the capacitor. When a
metal is placed in the vicinity of the coil, the inductance of the coil will increase.
This will change the output voltage across the capacitor. If the change is beyond a
threshold, the object is classified as a metal and the plate tilts to one side. If a metal
is not detected, the plate tilts to the other side. The plate tilts with the help of a
servo motor attached in diametrically opposite ends of the bin. Through this method,
metal/non-metal segregation is achieved within the bin itself. The collected metal

Fig. 9.1 Partition and view of the tilting plate
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Fig. 9.2 RLC circuit with the bin used

can later be sent to industries as scrap. This is one of the key features in the bin and
can help link scrap collection and waste collection.

9.2.2 User Detector

An ultrasonic sensor is placed on the front of the bin. When a person comes close
enough to throw the waste, the sensor sends a signal to the Arduino, thereby enabling
the rest of the circuits in the bin. This distance is set to forty-five centimeters and
will help to minimize power consumption.

9.2.3 Level Monitor

Ultrasonic sensor is used for sensing the fill level. A sensor is placed at the center
of each partition which is the optimum position for the sensor. An alert will be sent
when the waste level reaches a specified threshold. The alert mechanismmodeled has
two stages in which two different authority levels are notified. The first would be the
people directly in charge of the waste collection. The next level is their supervisors.
This event-driven process will help garbage trucks to be more efficient by operating
when needed.



9 Smart Bin with Automated Metal Segregation and Optimal … 119

Fig. 9.3 Flowchart for the process

9.3 Network of Bins

NodeMCU, which runs on the ESP8266 Wi-Fi SoC is used to communicate the
values read by the ultrasonic sensor to a server. The chip is placed in all bins, and
a channel for storing the data recorded by the ultrasonic sensors is established in
ThingSpeak. Using IFTTT, we send an email to the concerned when the bin is eighty
percent and ninety-five percent full. The former is sent to the garbage trucks whereas
the latter can be sent to a supervisor to ensure strict sanitary measures (Fig. 9.3).

Currently, bins in public areas are uniformly spaced or placed by intuition. But
practically, some bins can fill faster than others due to higher population density
or higher garbage generation closer to the bins. This will reduces the efficiency of
garbage trucks andbe inconvenient to users if somebins fill up faster. The surrounding
bins may fill up sporadically. Hence, it is important to find the most optimal way
of positioning the bins in a particular area. This is done by using the data from the
ultrasonic sensors. Initially, the bins have to be placed conventionally over an area.
Garbage trucks will be notified if any one bin in the area reaches eighty percent. All



120 K. C. Saranya et al.

the bins are emptied when it happens and the level in each bin before emptying is
used for mathematical modelling.

Bins placed in a one-dimensional path are considered. The placement of bins is
optimal if the waste in the bins at a given time is nearly uniform. For this purpose,
a waste generation density curve is modeled. A waste generation curve f (x) implies
a plot between the wastes generated (y-axis) and the position of bins (x-axis). It has
been assumed that the waste generated at a point would be dropped in the nearest bin
and that all bins have the same dimensions. For the waste generation density curve,
a plot between f (x) and x is considered, where f (x) refers to the waste generated
per unit distance and x is the position of the bin. The vicinity of a bin refers to the
surrounding area of the bin, where the waste generated is assumed to be placed in
that bin. The points that are closest to a bin will fall in the vicinity of the bin. In this
way, the one-dimensional line can be divided into n regions where “n” is the number
of bins.

The aim is to find f (x) versus x curve.

f (x) = anx
n−1 + an−1x

n−2 + an−2x
n−3 + · · · + a3x

2 + a2x + a1 (9.1)

The area under the curve between two points in the x-axis would give the waste
generated between the points. The waste generated in the vicinity of Bin1 is assumed
to be dropped in Bin1 itself. Therefore, the definite integral from the starting point
of the vicinity of Bin1 to the end point of the vicinity of Bin1 should be equal to the
waste in Bin1.

W for Bin1 = s(1)∫
s(0)

f (x)dx (9.2)

whereW is the height till which the bin has been filled (which is directly proportional
to the waste in the bin), s(0) is the starting point of vicinity of Bin1 and s(1) is the
ending point of vicinity of Bin1.

F(x) = ∫ f (x)dx (9.3)

F(x) = (
anx

n
)
/n + (

an−1x
n−1

)
/(n − 1)

+ (
an−2x

n−2)/(n − 2) + · · · + (
a3x

3)/3 + (
a2x

2)/2 + a1x + C (9.4)

W of Bin1 = F(s(1)) − F(s(0))W (1) = W of Bin1 = F(s(1)) − F(s(0)) (9.5)

W (1) =
[(

an(s(1))
n + an−1(s(1))

n−1 + an−2(s(1))
n−2

+ · · · + a3(s(1))
3 + a2(s(1))

2 + a1s(1) + C
)]

−
[
an(s(0))

n + an−1(s(0))
n−1 + an−2(s(0))

n−2

+ · · · + a3(s(0))
3 + a2(s(0))

2 + a1s(0) + C
]

(9.6)
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W (1) = an
(
(s(1))n − (s(0))n

) + an−1
(
s(1)n−1 − s(0)n−1

)

+ · · · + a2
(
s(1)2 − s(0)2

) + a1(s(1) − s(0)) (9.7)

Similarly, n equations can be generated to find the (n − 1)th degree polynomial to
fit the f (x) to x curve. The same can be extended for n equations and the coefficients
are found by solving these equations. The data were collected from bins in VIT
Vellore.

After generating the curve, the area under the entire curve divided by the number
of bins gives the waste each bin should collect for uniform waste collection. Thus,
the f (x) curve is divided into n equal areas and the midpoint of the boundary of these
areas is the optimal position of the bin. Since the load has been equally divided, each
bin would fill at nearly the same time. This process can be repeated until the variance
of the fill level of the bins becomes low. The process could be repeated if the variance
becomes considerably high over a period. Thus, garbage trucks can handle wastes
more efficiently.

9.4 Results and Discussion

To get a clear insight on the efficiency of the system with respect to the measurement
of the level of the bin, the following test was performed.Wastes with varied geometry
were put inside the bin, and the corresponding reading of the ultrasonic sensor was
measured. This value was then compared with the actual waste level in the bin. The
objective was to calculate the accuracy of readings obtained for various geometry
of wastes put in the bin. In the test, it was noticed that the reading was almost
coincident with true value when the accumulated waste made an approximate flat
surface. However, when the top surface of the waste made an angle ranging from
15° to 20° with respect to the horizontal, an error of ±4 cm was recorded. Similarly,
when the top surface made an angle of 40° or more, an error of ±8 cm was recorded.
As the area under the partition becomes bigger, more number of ultrasonic sensors
could be used as the level of garbage could be uneven.

A setup for bin level monitoring was made as shown in Fig. 9.2. A channel was
created to visualize the fill level on ThingSpeak. The fill level obtained is shown in
Fig. 9.4. It shows a gradual increase in the fill level followed by a small error due to
the difficulties described in the preceding paragraph. An alert email was triggered
by IFTTT successfully as shown in Fig. 9.5 after the fill level exceeds the eighty
percent threshold value. This email is received by garbage trucks in real time. The
bin is emptied and hence the reading resets to the initial value.

Real-time data were gathered from bins in VIT, Vellore along a 450 m linear
path. These data along with their relative positions are shown graphically in Fig. 9.6.
This graph also elucidates the non-uniform fill level or high variance that prevails
in conventional waste collection methods. The vicinity of each bin as discussed in



122 K. C. Saranya et al.

Fig. 9.4 Channel data in ThingSpeak

Fig. 9.5 Email reminding the level of the bin through IFTTT

the algorithm is shown in Fig. 9.7. At around three fifty meters, two bins are placed
closely owing to higher waste generation from a hostel nearby. Although two bins
are still insufficient as the bins collect a considerably higher amount of waste than
the rest. At around one twenty meters, there is another small peak observed due to
the presence of a shop nearby. The fill-level data clearly reflects the amount of waste
generated in the vicinity of the bin. The algorithm for generating the f (x) curve shown
in Fig. 9.8 was implemented in MATLAB based on the data obtained from the bins.
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Fig. 9.6 Waste height versus position of bin

Fig. 9.7 Vicinity of bins

9.5 Conclusion

Efficient waste management solutions are the need of the hour. This smart bin cap-
tures an important application pertaining to smart cities worldwide. Making the data
available to the public through the cloud can also help improve transparency. The
wastes thrown in the bin is generally assumed to be separate and without the involve-
ment of disposable bags. Such wastes cannot be segregated. In addition, weak metals
cannot be detected and might slip into the non-metal side. These bins offer tremen-
dous scope for smart cities and are easier to implement on a large scale. They can
be improvised by image processing and machine learning to classify different types
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Fig. 9.8 f (x) versus x for data collected from VIT

of wastes with greater accuracy. The mathematical model could be improved when
more number of datasets are included. Themathematical model in this paper assumes
that the waste per distance is an (n − 1)th degree polynomial but this may not be
the case. Modeling with other types of functions depending on the scenario could
provide more accurate results. The discussion regarding the optimal placement of
bins can also be extended to the two and three-dimensional case.
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Chapter 10
Solar-Assisted Smart Solid Waste
Dustbin

R. Jayagopal, T. Devapounraj and V. Mayilvelnathan

Abstract In the past few decades, the rapid growth of the urbanization rate has taken
place, and therefore, plans for sustainable urban planning are required. Using new
technologies and a strategic approach, the concept of smart cities is approaching the
whole world. A smart city is not built without a smart waste management system. In
this article, our model describes the application of “solar-assisted smart solid waste
dustbin” for the management of the solid waste system of the city. In our model, the
volume of solid wastes has been drastically reduced compared to the conventional
process. It reduces the cost of transportation and reduces the odor of waste. First of
all, organic waste is ground by grinders and, at the same time, the humidity content is
heated to reduce theweight of thewaste. Compressorswill then compress, andfinally,
compressed waste materials are stored in the storage unit. The control system is run
by solar energy, and the systems are semi-automated. In addition, rented materials
are collected by bin to be used for agricultural purposes. Today’s traditional bins
will be able to efficiently manage these wastes as they waste their waste on the road,
and it may cause insects and mosquito breeding. Dismantling in dirty environments
also causes serious illness. It controls through solar energy and is a semi-automatic
system; by doing this, we can change the contaminated environment.

Keywords Smart city · Urbanization · Solid waste · Grain size ·Waste heating ·
Odor removing ·Waste compressing · Solar power
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10.1 Introduction

As the world is in the stage of upgradation, there is one stinking problem we have to
deal with solid waste management. In our daily life, we see the garbage bins being
overfull and all the garbage spills out. This leads to increase the number of diseases
because of the large number of insects and mosquitoes breed on it [1]. In current
scenario, the solid waste management in urban cities is the big challenge not only in
India but for most of the countries in the world. We should eradicate this problem
or at least reduce it to the minimum level. The effective solid waste management
system is one of the efficient way that to stay our surroundings clean and green. The
purpose of establishment of 100 smart cities in India is to create clean and green
environment. Now, with the upcoming large number of smart cities, large numbers
of responsibilities are also required to be fulfilled. The prime need of a smart lifestyle
begins with cleanliness and cleanliness begins with a dustbin. When the dustbins are
placed well and collected well, then the society will get clean environment. The main
problem in the current waste management system in most of the Indian cities is the
unhealthy status of dustbins [2]. In this paper, we have tried to upgrade the trivial
but vital component of the urban waste management system, i.e., dustbin.

Here we implemented the bin which consists of solar cells, grinder, drier, com-
pressor, and sensors. Three key implementation challenges are: (1) reduce the trans-
portation cost, (2) reduce the size of waste, and (3) reduce the odor of waste [3]. Our
main goal is reducing the waste transportation expenditure by increasing storage
capacity of dustbin for same size [4]. Traditional dustbins are not designed to take
these advantages. Such methods do not cut and compress the solid waste. Another
aspect of that method is to not dry the waste to remove from odor-releasing gases.
Our model is semi-automatic so not necessary to operate. It has some other features
like solar energy used with sensors. And here it is possible to store waste more than
traditional bins. It has three chambers: (1) temporary storage chamber, (2) grinding
and heating chamber, and (3) compressing chamber.

10.2 Present Scenario

Normal municipal waste junk is often overwhelmed. The waste management team
collects eight times more and is ready to get rid of it. The municipalities can choose
the suitable rental program that offers an alternative to the purchase. Leases allow
customers to realize immediate savings, instead of spending significant resources.
It also works on the management of solar energy waste management, in areas not
directly covered by sunlight. With new trainers, the city wants to reduce weekly
collections from17 to5 intervals [5]. In tenyears, these restrictionswouldhave to save
more than 12 million dollars and much more. Recently, the capital of Philadelphia
has replaced 700 common clays with 500 solid composts and 210 single-stream
recycling units. Now that one week of 17 passengers out of 700 containers (annual
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costs of 2.3 million), the city only charges once a week for an operating cost of
around 720,000 $ annually, saving 70%. It requires seven sets per week to run under
the new33-h program instead of a single collection once aweek; only nine employees
are required in one single change. Other workers have sent other production works
together. This increase in the production of solid wastes is becoming a disaster due
to poor Indian management practices. These are the basic services and management
of the Indian government. In general, municipalities and other local entities regulate
the management and disposal of solid wastes in 2000. But municipalities and local
organizations generally do not assume this responsibility. The incorrect reasoning is,
above all, that it does not have the proper collection, transportation and accessibility
system, lack of technical skills, and lack of financial resources. For bad practices,
MSWs are distributed in small areas or landfills in cities, without taking the necessary
measures. Practical scientific solid waste does not endanger environment due to air,
soil, and water pollution. The rapid urbanization and population growth improve the
production of solid urban waste [6]. The creation and characteristics of DSM can
be modified in different areas of the same country, state, and cities. According to a
report from the Indian energy portal, solid waste in India remains uninterrupted from
1971 to 2015. Per capita, waste and urban waste in the city totaled 375 g/day and
14Mt/year in 1971, 490 g/day and 48.5MT/year in 1997 respectively. The per capita
waste generation is supposed to increase and the city’s waste reaches 700 g/day and
97 Mt/year in 2025. The amount of solid waste in 1997, it will be increases twice in
2025.

10.3 The Configuration of Our Model

We constructed our bin by the following content like solar cells, grinder, heater,
compressor, AC motors, self-actuating doors (for each chamber), and sensors. The
total confirmation of our model is shown in Fig. 10.1. First we discussed temporary
solidwaste storage chamber. The ultrasonic sensor is fixed at the head of this chamber.
And the automated actuating door is located at the bottom surface of the chamber
which is actuated by AC motor by accepting the command from control unit by
means of sensor. This door will open when the solid wastes are reached to the fixed
level. And the solar panels are located at the top surface of this chamber that is
immovable. The waste is imported at the top. Here the importing door is operated
by human or users. The grinding chamber is located next to the temporary storage
chamber. Here cutter and heater are placed. We have designed the cutting blades that
are fixed around the rotating arm. This is run by the AC motor that rotates in very
slow speed. On the other hand, the heating system is attached to the cutting blades.
The top and bottom surfaces of this chamber are the doors for other section. This
one is also connected with the AC motor (Figs. 10.2 and 10.3).

The next section is the compression section. In this section, dried waste is com-
pressed into a compact size. Here the reciprocating-type compressor is used which
is run by AC motor.
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Fig. 10.1 Various chambers
of solar-assisted smart solid
waste dustbin

10.3.1 Various Chambers

10.3.1.1 Temporary Storage Chamber

Here the solid waste is dumped into the bin. Then the automatic door will open when
the waste reaches the predetermined level (max. level) by means of an ultrasonic
sensor.

10.3.1.2 Grinding and Heating Chamber

Here the grinding and heating operations were done by means of grinder and heater.
The grinder is operated by theDCmotor. Andwhere explaining about drier is nothing
but a simple heater consists of heating coils. So that the moisture content of waste is
to be eliminated.
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Fig. 10.2 Various chambers
of solar-assisted smart solid
waste dustbin

Fig. 10.3 Flowchart
TEMPORARY 

STORAGE CHAMBER

HEATING AND GRINDING CHAMBER

COMPRESSION CHAMBER 

WASTE COLLECTION
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10.3.1.3 Compressing Chamber

After grinding operation is done, the dried waste is introduced to this chamber. Here
the total volume of the solid waste is to be reduced by means of compression of
waste.

10.3.2 Stepper Motor

DC polished wheels rotate continuously when the DC voltage is applied to its ter-
minals. The stepper engine is known for its properties in the input pulse (usually the
square wave poles) for the increase in the position of the shaft to be converted to the
train. Each pulse moves the axes through a fixed angle. Stepper engines have many
“multiple” electro-windings that are arranged around an iron element. The electrodes
are fed through an external controller or amicrocontroller. To activate themotor shaft,
first of all, an electromagnetism is given strength, which magnetically attracts the
gear teeth. When the gear is aligned with the first electromagnetic teeth, they break
a bit from the next electromagnet. This means that when the next electromagnetism
is switched on and when the first one is deactivated, it turns the gear slightly to align
it with the next one. From there the process is repeated. Each of these rotations is
called a “step,” with complete steps making a complete step. In this way, the engine
can become an exact angle. Here it is used to control this engine, which controls
the automatic doors that open and close the doors, separating the chambers. This
engine runs in AC power source under the control of microprocessors, clockwise
and counterclockwise.

10.3.3 Solar Cell

The solar cell or photovoltaic cell is an electrical device that turns electric energy
into a direct photovoltaic effect because it is a physical and chemical phenomenon.
The photoclip is defined as a device, whose electrical properties, such as electric
current, voltage, or resistance, change light. Individual solar cells can be combined
into modules, otherwise solar panels. A basic condition is that the maximum voltage
of the solar cell in the electric circuit of the solar cell is approximately 0.5–0.6. Here
is a photovoltaic installation that uses 12 factors. The control systems and sensors
used in our system are solar systems. The live stream generated is stored in the battery
for effective use. The curved solar panel is used after a driver and battery connection.
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Fig. 10.4 Pin diagram of PIC16F877A

10.3.4 Control System (PIC16F877A Microcontroller)

The control system, PIC16F877AMicrocontroller having 200 ns of powerful instruc-
tion executions and simple programs (only 35 single word instructions). CMOS
Flash based on an 8-bit microcontroller is a powerful Microchip PIC® architecture
compatible with 40 packages and the PIC16C5X, PIC12CXXX, and PIC16C7X
versions (Figs. 10.4 and 10.5).

The PIC16F877A contains 256 bytes of EEPROM data memory with self pro-
gramming, ICD, two comparators, 8 channels of 10-bit Analog-to-Digital convertor,
two capture/comparison/PWM interface functions, or two-wire integrated circuit
I2C ™ bus and universal asynchronous transceiver (USART). Here, this microcon-
troller offers a complete control system. It controls the door, compressor, and sensor
and heating stages. This system is not included in the figure. The regulator is provided
for this power supply in order to make the DC 5 V a suitable power supply.
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Fig. 10.5 Architecture of PIC16F877A

10.3.5 Sensor

The sensor is a device which is used to detect events or changes in its environment
and send the information to the processor. The sensor is still used in other electronic
devices, with the exception of the simplest computer or computer.

The sensors used in our model are (1) IR sensor, (2) ultrasonic sensor, and (3)
limit sensor.

10.3.5.1 Infrared Sensor

Infrared sensor is an electronic device that sensitively detects some of the environ-
ments. An infrared sensor can measure the heat of an object and detect motion.
These types of sensors measure only infrared radiation, rather than those called pas-
sive infrared. In our model, the sensor type is automatically stabilized next to the
import gate and for closing purposes for the use of import waste.

10.3.5.2 Ultrasonic Sensor

As the name implies, ultrasonic sensors measure distance using ultrasound. The
sensor head transmits an ultrasonic wave, and the lens reflect the reception of the
wave. Ultrasonic sensors measure the target distance to measure the transmit and
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Fig. 10.6 Voltage regulator

receive time. Here it is used to determine the amount of waste import. It is attached
to the sides of the first chamber.

10.3.5.3 Temperature Sensor

These temperature sensors can be switched between simple and thermostatic devices
that control the heating system. For this reason, it is used in the heating section of
our model to maintain the temperature of the particles.

10.3.5.4 Limit the Sensor (Proximity Sensor)

Aproximity sensor often emits an electromagnetic field or a beam of electromagnetic
radiation (infrared for instance) and looks for changes in the field or return signal.
The object being sensed is often referred to as the proximity sensor’s target. Different
proximity sensor targets demand different sensors. In our model, it is fixed in the
compression chamber to indicate the current status of stored waste.

10.3.6 Voltage Regulator

The voltage regulator is a device that reduces the voltage with any device. Here is
a microcontroller of power 5 V. The 7805 voltage regulator of 5 V can be easily
designed. The 7805 voltage regulator is used to obtain a regulated output of 5 V. A
5-V socket for the PIC16f877Apower sourcemicrocontroller can be used (Fig. 10.6).
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10.3.7 Battery

The solar panels collect energy from the sun and turn it into electricity, which is
supplied to run the microcontroller. But it requires only 5 V, so the excess of power
can be stored in the battery to use when off-peak period (i.e., when the solar energy
not avail).

10.3.8 Control System

The total operation of the bin is semi-automatic (i.e., without human interference),
so it is necessary to control the total action of all parts with in feasible time.

10.4 Methodology

Due to population growth in our country, the energy consumption should be neces-
sary. In our model, the control system and sensors are run by solar energy and other
systems are run by normal ordinary electric current.

As shown in Fig. 10.3, when the IR sensor senses the person in front of the dustbin
the feeding door will be open at the time solid waste is imported from outside. Then
the ultrasonic-level sensor senses the garbage level continuously, and when the waste
is reached to the predetermined level, then the door will automatically activated by
control unit as per program (Figs. 10.7 and 10.8).

At the timeof opening thedoor, the cutter blade andheater havebeen activated.The
grinding blade grinds the solid waste into small grain size. At this time, the moisture
content in the waste is eliminated by providing heat using heaters and also eliminates
the gases and odor formed by the wet solid waste. In this chamber, the temperature
is maintained for certain level by the control system with help of temperature sensor.
When the above operation is done, the bottom of heating and grinding chamber door
will be open. And the compression chamber will be activated. The all above doors
are activated by means of AC stepper motors. Then the compressor compressed the
dry solid waste to reduce the volume of waste. And finally, the compressed solid
wastes are stored in this chamber or normal dustbin insert to chamber. Here the limit
sensor is fixed to indicate the current level of this stored waste. The total volume of
waste stored in our proposed bin is to store more quantity of waste than conventional
dustbins storage capacity (Fig. 10.9).
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Fig. 10.7 Parts of solar-assisted smart solid waste dustbin

10.5 Benefits

The solar-assisted dustbin supports to reduce cost [7]. It is suitable for all urban
cities. It runs with help of solar energy and is renewable one. By using this smart bin,
we can store large amount of solid waste and can be eliminate the odor of the solid
waste. By using heater, we can also eliminate the water content of the solid waste.
This system will occupy the small space (i.e., compact in size). By using this system
to Eliminate overflowing of rubbish bins and also Eliminate birds/vermin scattering
rubbish across streets, parks, beaches etc. it is also used for advertisement purpose.
There is no windblown litter (or) access for critters. Reduce fuel consumption during
collection of waste. Reduce the spread of diseases. Cost reduction and resource
optimization.

10.6 Limitations

It is difficult to use this system at night, and the compressible waste only can be
employed in this system. It is not well suitable for cold areas.
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10.7 Application

10.7.1 For Urban Area

In urban areas, there are many more shops and population compared to rural areas,
so high amount of solid waste is formed. In traditional method, it is difficult to store,
transport, and handle that waste [8] (Fig. 10.10).

So that our model is best suitable for handling that area. In urban area, the traffic
is also high but in our model, we can reduce the transportation cost [9]. And in
some cases, odor is produced from the traditional dustbins because there is possible
leakage. In order to prevent that, the improved dustbin is best suited because here
no leakage and no odor (because heater will eliminate the moisture content of the
waste), and it reduces the volume of waste, so that we can store more volume of solid
waste [10].
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Fig. 10.9 Various sections

10.8 Conclusion

Due to growth in urbanization, the waste is ever-increasing very fast. Therefore,
waste management is the essential need to save the environment from harm. The
technological augmentation and innovation can contribute to this essential feature
to achieve environmental steadiness. To manage waste and scrutinize at the bottom
level are the convincing factors for choosing these approaches. The system is a
proficient step toward hygiene. As it is being said that the technology which goes
equivalent with environment is the need of the hour. Our project is a stride toward
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Fig. 10.10 Solar-assisted
smart solid waste dustbin

such green technology. This project monitors the fullness of bins from beginning to
end by use of sensors; it is feasible to achieve a more well-organized system than the
recent existing. Our idea of “solar-assisted smart solid waste management system”
primarily concentrates on reducing the volume of solid waste, providing a smart
technology for waste system, avoiding human intercession, minimizing human time
and effort, which results in healthy and waste-ridden environment. The anticipated
idea can be implemented for smart cities where the populace would be busy enough
with their frantic schedule and would not have enough time for supervision waste.
The bins can be implemented in a city if preferred where there would be a large
bin that can have the capacity to collect the waste of solid type for a single public
housing.

References

1. Gawade, P.P., Ingale, S.S., Jadhar, G.P., Patil, A.B., Patil, R.R., Ingale, S.S.: Review paper on
solar trash powered compactor bin. J. IARJSET 4, 45–48 (2017)

2. Francis, J., Melbin, T.L., Praveen, C.N.: Solar power smart waste bin. Int. J. Comput. Eng. Res.
Trends 2(12), 1083–1086 (2015)

3. Ugwuishiwu, B.O., Owoh, I.P., Udom, I.J.: Solar energy application in waste treatment–a
review. Niger. J. Technol. 35(2), 432–440 (2016)

4. Sharma, N., Singha, N., Dutta, T.: Smart bin implementation for smart cities. Int. J. Sci. Eng.
Res. 6(9), 787–791 (2015)

5. Chugh, H., Singh, D., Shaik, S., Single, A.: IOT based smart bin. Int. Res. J. Eng. Technol.
4(9), 1483–1486 (2017)



142 R. Jayagopal et al.

6. Singh, M.S., Singh, K.M., Ranjeet, R.K., Shukla, K.K.: Smart bin implementation for smart
city. Int. J. Adv. Res. Comput. Eng. Commun. Eng. 6(4), 765–769 (2017)

7. Lazaro, J.P., Rubio, A.J.M.: Solar powered electronic trash can. Asia Pac. J. Multi. Res. 2,
33–37 (2014)

8. Bhor, V., Morajkar, P., Guroav, M., Panlya, D.: Smart garbage management system. Int. Res.
J. Eng. Technol. 4(4), 1117–1120 (2015)

9. Samman, E.F.: The design and implementation of smart trash. Acad. J. Nawroz University
2(3), 141–148 (2015)

10. Jenilasree, G., Shenbagavadiv, U.N., Bhuvaneshwari, M.: A study on automatic solid waste
management system for smart city. Int. Res. J. Eng. Technol 3(6), 1393–1487 (2016)



Chapter 11
Development of Bio-hybrid Tractor
for Farming Applications

Intakhab Khan , Vinayak A. Modi , Sohail Akhtar Khan
and C. Kannan

Abstract Present times, the conventional fossil fuel-driven tractors are amajor threat
to the environment and normally associated with huge running cost which cannot
be afforded by the farmers. This project aims at the development of a bio-hybrid
tractor that runs on rider’s pedalling power coupled with electric motor power. In
this tractor, the batteries used for the electric propulsion can be charged either using
PV panels or the grid. In addition, a power-split device is mandatory feature of this
tractor to provide necessary high torque for off-road applications. As the tractor is
using greener energy sources, it has less carbon footprint. This type of tractors will
provide a path for alternative way of farming and partial/complete replacement of
conventional fossil fuel-driven vehicles in near future.

Keywords Tractor · Hybrid · Solar · Farming · Sowing · Harvesting · Ploughing

11.1 Introduction

Conventional farming techniques are being suppressed with advanced technology
which includes the application of tractors, threshers and similar machines. This helps
in attaining increased productivity which necessitated by the increasing population
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Fig. 11.1 Layout of bio-hybrid tractor

and food demand. However, this advanced technology is associated with augmented
energy demands which are currently met by the usage of fossil fuels. This poses
a huge challenge for sustainable farming. The depletion times of oil and gas are
predicted as 35–37 years [1] which makes it mandatory for developing alternative
farming methodologies without compromising the productivity.

Even small tractors of 20–30 HP PTO (power take-off) consume around 3–4 L of
diesel per hour of operation [2]. This is a huge consumption considering the scale
of agriculture industry. The energy derived from nuclear fuel [3], solar radiation,
biogas, alcohol could be alternatively used. Bio-hybrid tractors (BHTs) incorporate
the applicationof renewable sources of energy, i.e. humanpower coupledwith electric
power to provide necessary tractive power for farming applications.

The cost of standard tractors varies from5 to15 lakhs (INR)which is not affordable
to many farmers and is not profitable for small land holdings which is major type of
cultivation in India. The rising fuel prices also add additional burden on the farmers.
BHTs have almost no cost associatedwith fuel andwill be cheaper to its counterparts.
As a result, the running cost of BHTs will be comparatively lower. BHTs can provide
an alternativeway for farming inmany remote locations that do not have fuel sources.

The novelty of BHT is that it has a unique construction which combines the
energy from various sources to propel the vehicle. The layout of such BHT is shown
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in Fig. 11.1. This vehicle contains an on-board lithium-ion battery pack which can
be charged either by grid or by photovoltaic (PV) panels. These panels also help in
charging the battery during the running conditions. The vehicle also derives its power
through pedalling. The electric motor, pedalling and final transmission are coupled
via power-split device, which does not have PTO (power take-off). This is done to
avoid an increase in weight. Instead, this vehicle incorporates mechanical links and
relies on the vehicle and rider weight for ploughing activities.

11.2 Concept Development

11.2.1 Major Bio-hybrid Tractor Components

Electric Motor

The selection of an electric motor was done considering that the vehicle can deliver
all the intended functions purely under electric drive mode. This is considering the
fact that there may be some circumstances where the driver is not able to provide
his pedalling force. During that time, the vehicle can be operated using the power
provided by an electric motor [4].

The tractive force (F t) required to propel the BHT and attached implements in
both forward and backward directions [5] can be calculated using Eq. (11.1)

Ft = Froll + Fair + Facc + Fhill + Fdrawbar (11.1)

where Froll is rolling resistance force, Fair is aerodynamic drag, Facc is the force
required for acceleration, Fhill is the hill climbing force, Fdrawbar is the force required
parallel to the vehicle to move the implement and all forces considered here are in
Newton.

Draft requirements can be calculated using the Eq. (11.2)

Fdrawbar = Fi
[
A + B(V ) + C

(
V 2)]WT (11.2)

where F i is soil adjustment parameter, A, B, C is a machine specific parameter
(dimensionless), V is field speed (m/s), W is machine width (m or no. of tools) and
T is the tillage depth.

ForBHT,F i =1 is considered for fine surfaces (conservative),machine parameters
A, B are taken for sweep plough, and the vehicle speed, V is considered as 2.77 m/s,
the plough length, W is 1.2 m and the tillage depth, T is 0.10 m [6].

Fdrawbar = 1 ∗ [390 + 19 ∗ 2.77] ∗ 1.2 ∗ 0.10

Fdrawbar(BHT) = 53.11N
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Froll is the rolling resistance which is caused by the resistance between the soil
and the wheels of the vehicle and can be calculated using Eq. (11.3)

Froll = Croll · m · g (11.3)

where Croll is rolling friction coefficient, m is the combined mass of BHT and the
rider in kg and g is the acceleration due to gravity in m/s2.

For BHT, the mass of the vehicle after material analysis (3Dmodelling) and com-
bined rider weight was found to be 250 kg, Croll is the rolling resistance coefficient
which was taken 0.3 for soil terrain, acceleration due to gravity is 9.81 m/s2.

Froll(BHT) = 0.3 ∗ 250 ∗ 9.81 = 735.75N

Aerodynamic drag (Fair) which is the air resistance acting on the vehicle, while
running under significant velocities can be calculated using the Eq. (11.4)

Fair = 1

2
ρACd(V + Vw)2 (11.4)

where ρ is the density of air in kg/m3, A is the frontal area in m2, Cd is the coefficient
of drag and V is vehicle speed in m/s and Vw is the wind velocity in m/s.

For BHT, air drag is normally ignored as they are going to operate low speeds;
hence, Fair can be approximated to zero.

Facc is the acceleration force mainly comprises the linear acceleration (F lacc) of
the vehicle. For accurate modelling, the acceleration should comprise of both linear
and rotational acceleration (Fracc). This can be inferred from Eq. (11.5) [7]:

Facc = Fracc + Flacc (11.5)

whereF lacc is the linear acceleration of the vehicle, Fracc is the rotational acceleration
of the vehicle.

According to Newton’s second law:

Flacc = m · alacc
The linear acceleration of the BHT is considered relatively low of 0.2 m/s, and

hence, linear acceleration force is 50 N.

Flacc(BHT) = 250 ∗ 0.2 = 50N

The rotational acceleration is calculated using Eq. (11.6) by combining Newton’s
law and rotational parameters

Fracc = I.
G2

r2
alacc (11.6)
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Fig. 11.2 AC induction
motor (two-pole three-phase)

where I is the moment of inertia in Kgm2 of the motor rotor, G is the gear ratio from
electric motor to output shaft, r is the tyre radius in m.

Rotational acceleration force is very less compared to linear acceleration force
for BHT, and hence, Fracc is considered to be zero.

Whenvehicle is goinguphill, the force due to inclination is calculated byEq. (11.7)

Fhill = m · g · sin α (11.7)

where α is the angle of inclination.
AsBHTgenerallywill not operate in uphill conditions, hence this factor is ignored.
BHT uses one motor/generator, so the required torque should be provided by the

motor provided by the Eq. (11.8)

Tm = r

G · ηm · ηg

⎡

⎢⎢
⎣

Croll · m · g + 1

2
ρACd(V + Vw)2 + alacc

+I · G
2

r2
alacc + m · g · sin α + Fdrawbar

⎤

⎥⎥
⎦ (11.8)

The torque requirement of the electric motor for BHT is calculated considering
the radius of wheels to be 0.295m, the gear ratio as 1:16 (according to suitablemotor)
and the combined efficiency ηm. ηg as 0.85 based on standard induction motor.

Tm = 0.295

16 ∗ 0.85
[735.75 + 0 + 50 + 0 + 0 + 53.11]

Tm = 18Nm(Starting torque)

The torque to be delivered by the electric motor is calculated and was found to
be around 18 Nm for a gear ratio of 16. The above calculation was done for various
iterations until a suitable torque and gear ratio combination was achieved (Fig. 11.2,
Table 11.1).



148 I. Khan et al.

Table 11.1 Electric motor
specifications

Motor parameters Specifications (expected)

Type AC induction motor (2-pole 3-phase)

Power 2.2 KW/3 HP

Rated speed 2200 rpm

Rated torque 7.35 Nm

Starting torque 18 Nm

Fig. 11.3 Li-ion battery
pack 60 V 50 Ah

Table 11.2 Battery
specifications

Battery parameters Specifications (expected)

Type Li-ion battery pack

Rated voltage 60 V

Rated capacity 50 Ah

Discharge current 60 A

Max charge voltage 71.4 V

Discharge cut-off voltage 47.6 V

Battery

Battery is the powerhouse of the BHT [8] and provides power to the induction motor
which in turns drives the vehicle. Battery requirement of the BHT is calculated as
[4, 9]

Required current per hour by the battery = I continuous ∗ t (11.9)

Icontinuous (Motor) = 4.60 A
Time = 1.5 h
Required Current per hour by the battery = 4.6 * 1.5 = 6.9 Ah

DC from the Li-ion Battery 60 V 50 A will be inverted to alternating current 60 V
50 A and then stepped up to 415 V 7 A (as per the induction motor requirements)
(Fig. 11.3, Table 11.2).
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Fig. 11.4 PV panel (48
cells)

Table 11.3 Solar cell
specifications

Solar cells parameters Specifications (expected)

Rated power of solar cell 4.67 W

Open-circuit voltage 0.5–0.6 V

Short-circuit voltage 5.91–6.12 A

Operating voltage 0.519–0.528 V

Operating current 7–8 A

Dimensions 6 in. * 6 in.

PV panels parameters Specifications (expected)

No. of cells 48

Power from solar panels 4.224 * 48 = 202.752 W

Voltage by solar panel 48 * 0.528 = 25.344 V

Current by solar panel 8 A

Time to charge the battery 50 Ah/3.38 A = 15 h

Solar Photovoltaic Panels

Solar panels provide an auxiliarymethod of charging the batteries. The output voltage
of the panel is around 25 V which has to be boosted to 60 V with the help of boost
converter and will be fed to Li-ion battery. Current output by boost converter is
3.38 A (Fig. 11.4, Table 11.3).

Power-Split Device

Power-split device [10, 11] is the heart of BHT as it combines the human (bio)
power and electric power from the batteries in various combinations which cater to
the needs of the vehicle in different running conditions. Power-split device comprises
of an epicyclic gear train [12] with a sun gear, planet gear and ring gear. In BHT,
the sun gear is connected to the electric motor/generator, the ring gear is connected
to transmission and the planetary carrier (which is connected to the planet gears)
is connected to crank which is powered via pedalling. There can be four operating
regions of the gear assembly depending on a particular gear being stationary, which
is shown in Fig. 11.5.
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Fig. 11.5 Different operating regions of the power-split device

Case 1: When Ring gear is stationary (Charging condition)

As the ring gear is connected to the transmission, there will be no output in this
mode. There can be further two sub-cases one in which pedal drives the motor rotor
and vice versa. Rotation of pedals via motor is undesirable, but driving the motor via
pedalling can result in motor working as a generator which can be used for charging
the vehicle in case of unavailability of power from solar sources as well as from the
grid.

Case 2: When Sun gear is stationary (Only Manual drive)

Sun gear being stationary results in input from motor/electric sources. Hence, the
planet carrier driven via pedalling rotates the ring gear. In this case, the vehicle acts
as a human-powered vehicle with no support from batteries. This mode can be used
for normal locomotion under less load. This mode will be particularly useful in case
of completely discharged batteries.

Case 3: When Planet carrier is stationary (Only Electric drive)

If there is no pedalling or the pedalling is locked, then the planet carrier will remain
stationary and the planet gears will rotate about their axis only. In this case, the power
from electric drive is used to propel the vehicle as a result the vehicle works as an
electric tractor. Thismode is usefulwhen the driver is having fatigue. The limitation is
that as there is no human power involved the battery lead time will decrease suitably.
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Case 4: When none of the gear is stationary (Hybrid drive)

This is the mode in which the vehicle will perform most of its task and is most
efficient in its operation. The power from both the sources, i.e. human pedalling and
electric sources is coupled as torque coupling to provide more torque for heavy-load
applications. In this mode, sun gear, planet gear and ring gear all are operational. The
sun gear (electric power) assists the planet gear (manual drive) which in turn rotates
the ring gear. Different speeds can be easily coupled for maximum torque output.
This mode is suitable for ploughing, harvesting and other heavy-duty applications.

11.2.2 Power Electronics

Boost Converter Circuit

Boost converter steps up the DC voltage. The output voltage is always higher than
input voltage which depends on the duty cycle of the metal-oxide-semiconductor
field-effect transistor (MOSFET) which is decided by the gate pulse.

Vout

Vin
= 1

1 − D
(11.10)

D = Ton
Ton + Toff

(11.11)

The input voltage of the boost converter is 60 V from the Li-ion battery and the
output we want is 415 V which will be fed to the inverter as an input voltage to invert
it into AC voltage. In the circuit, when the MOSFET is switched on, the current
flows through the inductor, which enables the inductor to store the energy. When
the MOSFET is switched off, the diode starts conducting. Now, the energy stored in
the inductor acts as a back EMF. Now, there are two EMF source, the input voltage
and the inductor. This charges the capacitor and also supplies the load. Now, when
the MOSFET is turned on again, the inductor again stores energy and the capacitor
supplies the load by its charge. This cycle is gets repeated as the MOSFET is turned
on and turned off. The output voltage is measured across the resistance. The graph
shows the output voltage across the resistance, which attains the steady state at 415 V
[13–17] (Fig. 11.6).

Three-Phase Inverter Circuit

Inverter converts the DC input into AC output. In our vehicle, we are using a 60 V,
50 Ah Li-ion battery which is further coupled to a 415 V three-phase AC induction
motor. This necessitates a conversion in the battery input into AC output using a
three-phase inverter. The output voltage of the Li-ion battery is 60 V. This voltage
is stepped up using a boost converter to 415 V which is further inverted using a
three-phase inverter. The IGBT (insulated-gate bipolar transistor) acts as a switch to



152 I. Khan et al.

Fig. 11.6 Booster circuit

control the working of the circuit. The control of IGBT depends on the gate pulse,
it receives. The gate pulse is provided by the pulse generator. For 180°, the pulse
generator operates at a difference of 60° phase delay. The pulse generator operating
sequence is g1, g2, g3, g4, g5, g6 as shown in the simulation [13, 14].

Phase delay = Period ∗ 60 ∗ n

360
,

n = 0, 1, 2, 3, 4, 5 for g1, g2, g3, g4, g5, g6, respectively.
The inverter can operate at anyone of the six modes. At one instant, three IGBTs

operate simultaneously, while the other three are switched off. In mode 1, IGBT1,
IGBT2and IGBT6operate. Inmode2, IGBT2, IGBT3and IGBT1operate. Inmode3,
IGBT3, IGBT4 and IGBT2 operate. In mode 4, IGBT4, IGBT5 and IGBT3 operate.
In mode 5, IGBT5, IGBT6 and IGBT4 operate. In mode 6, IGBT6, IGBT1 and
IGBT5 operate. This process continues after completion and the output is obtained.
Figure 11.7 shows the output line voltages V ab, V bc and V ca, respectively. These
output voltages are fed to the three-phase induction motor as input. In the graph, the
AC line voltages are getting varied from +415 to −415 V (Figs. 11.8 and 11.9).

11.3 3-D Modelling of the Bio-hybrid Tractor

The 3-D model of the BHT was modelled in Solidworks2016 software, and all
the required components were assembled as shown in Fig. 11.10. The BHT was
developed with a tubular frame chassis supporting the weight of rider, self-weight of
vehicle and the reaction loads. It is a rear-wheel-drive vehicle with the motor resting
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on the rear portion of the vehicle. The power-split device has been placed at the axis
same as the motor shaft. One of the shafts of the power-split device is connected with
motor and other with the sprocket and chain transmission. The transmission ratio of
the overall epicyclic gear train was kept 16:1 which is as per our requirement. The
transmission ratio for the human-powered transmission is kept 1:1. The battery packs
are placed at the front of the vehicle.

Fig. 11.7 Response of booster circuit

Fig. 11.8 Inverter circuit
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Fig. 11.9 Multi-phase response of inverter circuit for bio-hybrid tractor

Fig. 11.10 Three-dimensional model of bio-hybrid tractor (BHT)
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The steeringused is having rack andpiniongear systemand attached to the knuckle
joint with the help of tie rods. The tyres used are customized so as to decrease the
overall weight. The rim is designed with aluminium alloy so as to reduce the overall
weight.

It was required to bring centre of gravity (CoG) to the centre so that the plough can
be kept at the centre portion of the chassis and the height is changed manually with
the help of adjusters provided in chassis. In order to increase the ground clearance, the
chassis is made in two parallel planes with the increased height. Solar panels are kept
at the centre above the rider seat which can help to prevent the direct exposure to the
sun. The solar panel dimensions are kept maximum so as to incorporate maximum
cells of solar panels. Two screw threads are provided so as to lock the shafts for
different operating conditions. One screw can lock the manual drive shaft, and thus,
the vehicle can run only on electric mode. The other screw locks the output shaft,
and hence, the pedalling force is used for charging the batteries in this mode.

11.4 Conclusions

Bio-hybrid tractor has been proposed in this work to address the need of increasing
demand of sustainable farming as well as to provide an alternate way of farming for
poor farmers and low-scale farming.

The bio-hybrid tractor developed is a novel product being the first ever hybrid
tractor which combines human effort with electric power. It has the capability to
run in manual, assisted and fully electric mode. Also, it can be charged via multiple
methods which include solar charging, charging via grid and charging via pedalling.

When the vehicle is running at a velocity of 15 km/h with ploughing, this vehicle
requires a total power of 3531 W, out of which 289 W [18, 19] of energy can be
provided by the rider’s pedalling force. The remaining power will be supplied by
an electric motor, which comes about 92%. In this layout, 8% power is provided by
human being and remaining is provided by other sources, which include solar PV
panels which can charge the batteries in 15 h under non-operating conditions.

The future scope of the project is to use the charged battery packs for lighting
homes in remote areas, where electric transmission lines are not viable. Thus, BHT
can be considered as prospective product for remote areas and low-scale farming.
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Chapter 12
Study of Lightweight Mortar
by Replacing Cement and Aggregates
with Admixtures

Pankaj Sharma , Rajat Gupta , Kshethra Pradeep , Hritik S. Kothari
and A. Sofi

Abstract The research focuses on the study of admixtures used for producing
lightweight mortar by replacing cement and fine aggregates. Mortar is a composition
of water, fine aggregate and binding material. The concept of sustainable develop-
ment and reduction in environmental degradation has been the talk of the hour for
numerous years, and its application in the field of civil engineering is inevitable.
Since cement production has multiple adverse effects on the environment and also
the excessive instream sand mining causes the degradation of rivers, the objective of
this research is to replace cement with metakaolin, silica fumes, ground granulated
blast furnace slag (GGBS), lime and nano-silica materials. Plenty of aforementioned
admixtures are basicallywaste products. Solid glass beads and cenosphere are used to
replace sand entirely. Fifteen mix designs of different composition have been tested
and analysed. Variety of tests including ultrasonic pulse velocity test, split tensile
strength test and compressive strength test was performed to determine structural
characteristics of the concrete mix. The optimum percentage of substitution is as fol-
lows: cement (35%), metakaolin (28%), silica fumes (12%), slag (15%), lime (10%)
and nano-silica (0%). The selected mortar samples were characterized by the means
of destructive and non-destructive tests, and the efficient mortar mix was analysed
using scanning electronic microscope (SEM analysis).
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12.1 Introduction

Mortar is construction material which consists of binding materials such as cement
(ordinary Portland cement or pozzolana Portland cement) and some cementitious
materials like silica fumes, GGBS, nano-silica particles, fly ash, metakaolin and
fine aggregates being sand, solid glass beads and cenosphere along with water and
chemical admixtures.

The admixture is the substance which is used as an ingredient to the batch imme-
diately duringmixing to enhance its performance. There are two types of admixtures,
namelymineral admixtures and chemical admixtures. During the study, the following
admixtures were taken into account:

• Mineral admixture: metakaolin, silica fumes, slag, lime and nano-silica
• Chemical admixture: MasterGlenium SKY 8941.

The capacity of every admixture centres around a particular requirement, and each
has been created freely of the others. A few admixtures as of now have science that
influences in excess of a particular property of cement and some have merely been
mixed in order to ease the addition amid the batching process.

The specific gravity of eachmineral admixture and lightweight aggregates is given
in Tables 12.1 and 12.2.

In this study, high replacement of cement is achieved through various mineral
admixtures which are by-products of different industries; hence, the objective of ele-
vating the sustainability ofmortarmix is obtained.Mortarmix consists of lightweight
aggregates which result in the very low density of mortar [1]. The advantages of such
mortar mix include decreased self-weight of the structure and increased strength.

Table 12.1 Specific gravity
of cementitious components

Cementitious

Component Specific gravity

Cement (OPC 53) 3.15

Metakaolin 2.6

Silica fumes 2.2

GGBS 2.4

Nano-silica 0.3

Lime 2.3

Table 12.2 Specific gravity
of aggregates

Aggregates

Component Specific gravity

Cenosphere 0.8

Solid glass sphere 2.3
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12.2 Experimental Procedure

Fifteen different mixes were studied during the analysis. Different mixtures had dif-
ferent proportions of cementitious materials and lightweight aggregates according to
specific gravity and strength comparison. Superplasticizer is used to maintain con-
stant workability. The main variable in the mix is cement which has to be replaced
with different proportions of cementitiousmaterials. Themain objectivewas to obtain
a design which is both lightweight and of adequate strength. Due to the high replace-
ment of cement with mineral admixtures and to perform easier calculations, weight
batching was adopted over standard volume batching throughout the study.

The ratio of cementitious to lightweight aggregates is adopted as 1:0.7 by weight,
in which the proportion of lightweight aggregates varies as per requirement.

Scanning electron microscope analysis, X-ray diffraction and three tests were
performed, namely:

• Compressive strength test
• Split tensile strength test
• Ultrasonic pulse velocity test.

For compressive strength (IS 516: 1959) test cubes of dimensions,
50 mm * 50 mm * 50 mm were used. Mortar mix of mentioned water–cement
ratio was prepared and filled in the moulds. After filling, the vibratory machine was
adopted for compacting the mix into layers, following the surface finish by trowel.
The sample is then stored at room temperature (27 ± 2 °C) for 24 h and then kept
inside the curing tank. At the interval of 7 and 28 days, samples were removed
from the tank, and their testing was then done by the compressive testing machine
accordingly.

To perform split tensile strength (IS 5816: 1999), test cylinder moulds of
100 * 200mmwere adopted. After casting and curing of the test specimen of themost
optimummix (in order to reduce the wastage of material) for desired no. of days, the
cylinder was horizontally carried in between the compression testing machine with
two wooden plates of 5 mm above and below the specimen. Load on the specimen
was continuously applied till failure of the cylinder, along with the vertical diameter.

For ultrasonic pulse velocity, test cylinder moulds of 100 * 200 mm are used.
After casting and curing of the cylinders are working out for the desired amount of
days, cylinders are kept between the two transducers which are connected via pulse
generator. The velocity of travel can be calculated by dividing path length from the
time taken for its travel.

V(m/sec) = L(metres)/T(sec)

The concrete quality according to the range of pulse velocity is mentioned below
in Table 12.3.
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Table 12.3 Relation between
pulse velocity and concrete
quality

Pulse velocity (m/s) Concrete quality

Greater than 4500 Excellent

4000–4500 Very good

3500–4000 Good

3000–3500 Doubtful

2000–3000 Poor

Less than 2000 Very poor

12.3 Materials and Mix Proportion

12.3.1 Cement

Ordinary Portland cement 53 grade (Brand: Ramco Cements) was used in this study
confirming to IS: 12269-1987 for control mix [2].

12.3.2 Metakaolin

Metakaolin is a pozzolanic material produced for a definite purpose under carefully
controlled circumstances conforming to the requirement of IS-456 [3]. Metakaolin
is manufactured by heating kaolin, one of the profusely found natural clay minerals,
to the conditions of 650–900 °C [4]. Flexural strength increases when metakaolin is
used and reduce the specific gravity of the mix [5]. It also enhances workability and
refines the pore structure of the mix.

12.3.3 Silica Fume

Silica fume is a by-product of ferrosilicon industry and formed in electric arc fur-
naces as a result of the production of elemental silicon or silica alloys [6]. It is a
pozzolanic material. When it is added to concrete, it remains unreacted initially.
Once the hydration reaction between Portland cement and water starts, it results
in two compounds: calcium silicate hydrate (CSH gel) that is responsible for the
strength and calcium hydroxide (CH), a derivative also named as free lime that
causes leaching and increases pH of concrete.

The chemical reaction occurs between calcium hydroxide and silica fume, which
creates additional CSH gel in many of the voids around hydrated cement particles.
The additional CSH gel formed during this reaction not only enhanced compressive,
tensile and bond strength of concrete but also lead to a much denser matrix, mostly
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in stretches that would have remained as small voids subject to possible admission
of deleterious materials [7]. Silica fumes also provide early strength to the concrete.

12.3.4 Lime

Lime is an inorganic material which mainly consists of calcium in which carbon-
ates, hydroxides and oxides dominate. In other words, lime is calcium hydroxide
or calcium oxide. It is a naturally occurring mineral which formed as an output of
coal seam fires and in altered limestone xenoliths in volcanic ejecta. The word lime
derives with its primal use as construction mortar and has the sense of fixing or
adhering.

Following is the composition of lime: SiO2 (0.43%), Al2O3 (0.07), Fe2O3 (0.06),
CaO (65.21%), MgO (12.34%), MnO (0.01%), SO3 (0.08%), LOI (21.76%) and
others (0.04%) [8]. *LOI represents loss on ignition*

12.3.5 Granulated Blast Furnace Slag (GGBS)

GGBS is produced by swiftly cooling the molten ash from the blast furnace ash
by a drive of water. While this development takes place, the slag gets disintegrated
and transformed into amorphous granules (glass), which is the requirement of IS
12089:1987 [9, 10].

It enhances the workability and final strength of concrete. It also increases the
durability of concrete [11].

12.3.6 Nano-Silica

Nano-silica is the nanoparticle of silicon dioxide. It has a density ranging between
0.2 and 0.5 g/cc.

It is generally a very active cementitious material. It typically contains ultra-
fine vitreous particles which are nearly 1000 times smaller than the normal cement
granules. It has recognized to be one of the best mineral admixtures for the cement
to enhance durability and strength. Crystallization of nano-sized crystals of quartz
or direct synthesis of silica sol leads to the formation of nano-silica [7].

The particles of nano-silica fill voids present betweenCSHgel structure and hence
decrease the permeability which leads to denser and high strength concrete.

It serves as a nucleus to firmly bond with particles of CSH gel. Hence, the use of
nano-silica leads to the reduction in leaching due to calcium hydroxide and enhance
the durability of concrete or mortar.
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12.3.7 Mixture Proportion

Mix proportion of each mix is shown in Table 12.4 [12].

12.3.8 Solid Glass Spheres

Solid glass spheres possess high density ranging between 2.2 and 2.6 g/cc. They also
have high crushing strength making them fit for high-stress structures where these
microspheres are exposed to very large stress during processing or application. They
are used to provide strength to our mix.

The solid glass sphere used in this study has a size of 450 µm. The chemical
composition (%) of this is mentioned in Table 12.5 [13].

12.3.9 Cenosphere

The word cenosphere is coined from two Greek words: kenos (hollow) and sphaira
(sphere) that describes the major properties of this material [14]. These are spherical
particles which have a hollow centre.

Cenosphere is formed in thermal power plants during the burning of coal. They are
produced at very high temperature (1500–1750 °C) [14]. They are ceramic particles
present in fly ash which is majorly made up of alumina and silica [7]. They have a
very low density ranging from 0.7 to 1.0.

12.3.10 Water

Clean potable water has been used for mixing and curing of concrete [4]. Bore water
from college campus is confirmed to be good for drinking.

12.3.11 Chemical Admixture (MasterGlenium SKY 8941)

MasterGlenium SKY 8941 is a new generation admixture that is primarily based on
modified polymeric ether. The above product was mainly developed for its applica-
tion in high-performance concrete owing to high durability and performance that it
provides [15]. It is free of chloride and low alkali and is also compatible with all
types of cement.
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Table 12.5 Chemical
composition of solid glass
spheres

SiO2 <5

Na2O 12–15

K2O <1.5

CaO 7–12

MgO <5

Fe2O3 <0.5

Al2O3 <2.5

SO3 <0.5

Benefits and Features

• A remarkable increase in early and ultimate strengths.
• Increased elastic modulus.
• Improved adhesion to reinforcing and stressing steel.
• Improved resistance to carbonation and other.
• Extreme atmospheric conditions.
• Decreases permeability and enhanced durability of concrete.
• Reduction in creep and shrinkage.

12.4 Results and Discussion

In this study, destructive and non-destructive tests were performed on the above-
mentioned mixes. Destructive test such as compressive strength and split tensile and
non-destructive includes ultrasonic pulse velocity (UPV) test. Scanning electronic
microscope (SEM) and X-ray diffraction analysis have been performed on the final
selected optimum mix.

12.4.1 Analysis of Variation of Compressive Strength

Compressive strength test is performed at 7 and 28 days [16]. The values of the
compressive strength of mortar mixes with different dosage of admixtures are shown
in Figs. 12.1 and 12.2.

As we can observe in the graph that mix no. 14 has the highest compressive
strength, and mix no. 11 has the lowest 30 and 5 MPa, respectively. It can also be
observed that the percentage of metakaolin is highest in the mix no. 14. It also has the
highest early strength due to the presence of silica fumes and metakaolin [16, 17].
From mix no. 14, it can be concluded that the optimum replacement of nano-silica
particles is 3%. The reason behind the least strength of 11th mix is that it has a high
replacement of lime alongwith no replacement with nano-silica. Inclusion to this, the



12 Study of Lightweight Mortar by Replacing Cement … 165

Fig. 12.1 Compressive strength at 7 days

Fig. 12.2 Compressive strength at 28 days

ratio of solid glass sphere is less which results in depletion of compressive strength
of mortar.

12.4.2 Analysis of Specific Gravity

The specific gravity of mortar with different dosage of admixtures is shown in
Fig. 12.3. The specific gravity of mortar or concrete majorly depends upon the opti-
mum ratio of aggregates. From our study, the mix 15th has the lowest specific gravity
which is achieved due to the optimum percentage dosage of aggregates, i.e. ceno-
sphere and solid glass sphere 68 and 32%, respectively. The reason behind reducing
the percentage of nano-silica to 0% is that it has a very low particle size which leads
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Fig. 12.3 Specific gravity of different mixes

to refinement of pore structure and hence increases the overall density of mortar. To
achieve a lower density of mortar, the optimum percentage of silica fumes is obtained
12%.

12.4.3 Analysis by X-ray Diffraction and Scanning Electron
Microscope (SEM)

SEM and X-ray diffraction examination have been performed only on the opti-
mum mortar mix. These tests are engaged to analyse the microstructure and quality
assurance by providing the elemental composition of the mix and are shown in
Fig. 12.4a–c. From the X-ray diffraction, it has been observed the availability of
calcium and silicon is more which results in adequate compressive strength even at
low specific gravity.

12.4.4 Ultrasonic Pulse Velocity Test (UPV Test)

Ultrasonic pulse velocity test has been performed on every mix to check the homo-
geneity and uniformity of the mortar.

The values of ultrasonic pulse velocity of different mortar mixes are obtained
from the UPV test and shown in Fig. 12.5 [18].

It can be observed that there is no such linearity relationship between ultrasonic
pulse velocity and specific gravity since uniformity of mix is depending upon the
pore structure of the mortar mix. The uniformity of the matrix mainly depends on
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Fig. 12.4 a–c Elemental composition/microstructure of mix
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Fig. 12.5 Ultrasonic pulse
velocity with respect to
specific gravity

the particle distribution with different composition of aggregates and cementitious
materials.

It is also observed that the value of ultrasonic pulse velocity of the optimum mix
is within permissible value, and hence, mix no. 15 is homogenous.

12.4.5 Relation Between Specific Gravity and Compressive
Strength

Generally, concrete or mortar having high specific gravity has high compressive
strength also [16]. But from Table 12.6, it can be observed that the relation between
both is not always linear.

The values of compressive strength of mix 7th and 13th are different, but they
have the same specific gravity 1.32.

It is not required to have high compressive strength for mortar so the aim of this
study is to achieve a mortar mix which has adequate compressive strength along with
low specific gravity.

12.4.6 Tensile Strength of Optimum Mix

The split tensile test has been performed on the optimummix only to check the tensile
strength of the mortar mix. The value of tensile strength obtained for the optimum
mix is 0.95 MPa [19].
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12.5 Conclusions

This research was performed to study the effects of lightweight mortar by replacing
cement and aggregates with admixtures. The properties investigated were compres-
sive strength, tensile strength, specific gravity and ultrasonic pulse velocity. Speci-
mens have been analysed by X-ray diffraction and scanning electron microscope.

From the above results presented in this paper, the following conclusion is offered:

• Specific gravity and compressive strength of the optimummix (15th) obtained are
1.09 and 15 MPa, respectively.

• The lowest specific gravity and adequate compressive strength among all themixes
are obtained on adding 68% of cenosphere and 32% of solid glass spheres.

• Compressive strength is not a linear function of specific gravity.
• Increase in percentage of metakaolin results in increased compressive strength.
• Incorporation of nano-silica in the mix leads to an increase in specific gravity as
well as compressive strength.

• Better workability is achieved by increasing the percentage of GGBS even at a
low dosage of superplasticizer.

• Increase in solid glass spheres results in high compressive strength but also
increases the specific gravity of the mix.

• The inclusionof silica fumes andnano-silica provides better cohesiveness tomortar
and reduces segregation.
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Chapter 13
Design of a Domestic Defluoridizing Unit

Shaheda Parveen, Venkata Nadh Ratnakaram , Sireesha Malladi
and K. Kiram Kumar

Abstract While trace amounts of fluorine are essential for life, its excessive intake
leads to a disease known as fluorosis. It is a predominant ailment in majority of the
countries inclusive of India. It is caused also by drinking fluoride containing water.
Retention of fluorine in bones and teeth occurs through F−–(OH−) exchange on their
inorganic component known as hydroxylapatite. Endeavour of the present study is to
design a column using activated alumina as an adsorbent for continuous defluorida-
tion of water for domestic purpose. As a part of it, operational defluoridation capacity
of aluminawas determined by variation of different factors (amount of alumina, time,
temperature, added salts). A family of four members was taken as a model. The ini-
tial and final fluoride concentrations were taken as 2.0 and 0.7 ppm, respectively.
Dimension of the unit (adsorbent bed diameter and height) was determined.

Keywords Design · Domestic defluoridizing unit · Fluorosis

13.1 Introduction

Human beings and animals suffer from fluorosis due to extended acquaintance with
fluoride containing water, air or food. India stands in the top listed countries which
are challenged with fluorosis problem in view of obligatory consumption of water
having high quantities of fluoride (1–48 ppm) [1]. In India, Andhra Pradesh State is
one among the many affected belts by endemic fluoride [2]. As per Indian standards,
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acceptable limit of fluoride concentration in drinking water is 1.0 mg L−1, whereas
its permissible limit is 1.5 mg L−1 [3]. Though higher concentrations of fluoride
cause fluorosis, its lower concentration is proved to be useful. Fluoride plays a vital
role in mineralization of some of the hard tissues [4]. Fluoride is added to community
water in some of the countries including USA as a part of health measure in order to
inhibit dental decay [5]. Fluoride concentration in mg L−1 and associated potential
health effects can be given as: <0.5 (dental carries are prevented minimally), 0.5–1.5
(favourable to prevent the dental carries), 1.5–4 (causes dental fluorosis), 4–10 (dental
and skeletal fluorosis) and >10 (crippling fluorosis) [6]. Dental fluorosis can be easily
recognized by symptom—mottling of teeth [7].

About 300 mg of fluorine per kg is its abundance in earth crust [8]. Fluorspar,
cryolite and fluorapatite are some of the fluorine-containing minerals which undergo
weathering process leading to its accumulation in soil and hence in water [9]. In
some of the areas like Ethiopian Rift Valley, high fluoride concentration in drinking
water can be related to volcanic deposits being the natural fluoride sources [10]. High
concentrations of fluoride were noticed in thermal waters having basic pH [11]. Dif-
ferent anthropogenic and industrial activities release fluoride into the environment.
Some of them are manufacturing units of fertilizers, pesticides, glass, electronics and
aluminium [12].

Water supply in rural areas of a maximum number of countries is suffering from
poor quality and quantities. Ion exchange, reverse osmosis (RO) and electro-dialysis
are the popular methods in developed countries, but they require high capital cost,
maintenance and technical backing [13]. Problems in disposal of large volumes of
sludge and high operational cost are opposing the adopting the well-known Nal-
gonda technique. The other defluoridation methods (adsorption, nanofiltration, ion
exchange, solar distillation and reverse osmosis) have their own advantages and dis-
advantages. Hence, adoption of the method must be based on local needs. Compared
to other defluoridation methods, adsorption method is more preferable in view of
easy operation, lack of sludge formation, low capital cost and easy replacement
of exhausted bed [14]. However, the well-known adsorbent—animal charcoal—is
facing resistance due to the prevailing social customs. Though a large number of
cost-effective biosorbents are reported for defluoridization in the literature, their
technical usage in rural areas is not possible in immediate course of time. In spite
of availability of a wide variety of adsorbents, AA is the best choice in developing
countries. Hence, activated alumina is selected as an adsorbent in the present study.

The rural community in Chebrolu mandal has been distressed by fluorosis (both
dental and skeletal) due to consumption of water having more fluoride concentration
than the permissible limits. Chebrolu mandal of Guntur District, Andhra Pradesh,
was taken as one unit for fluoride estimation in groundwaters. Apart from fluoride
estimation, chloride and total hardness were also estimated. Based on this compila-
tion, it is found that in some villages like Gudavarru and Veera Nayakuni Palem, the
fluoride concentration is more than the limit 1.5 ppm given by WHO. An effort has
beenmade to design an economically practicable defluoridation unit with continuous
flow, which can be used in rural areas.
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13.2 Experimental

13.2.1 Selection of Activated Alumina

The literature survey shows that cost of the treated water by activated alumina is less
compared to other defluoridizing agents [15]. Compared to adsorption of CaCO3

(0.03 mg F− per g), activated alumina is proved to be better adsorbent (0.57 mg F−
per g) [15, 16]. A number of researchers are worked on defluoridation of water using
AAsince the suggestion ofBoruff [17]. Bulusu andNawlakhe [18] established that its
sorption capacity is variable and depends on water quality parameters, ionic environ-
ment and regeneration procedures. Simultaneous occurrence of different reactions at
AA surface (like ion exchange and hydrolysis) causes a variation in surface electro-
kinetic properties [19]. It helps to increase the sorption of fluoride ions due to a
decline of negative charges at its surface [18]. Hence, activated alumina was selected
as an adsorbent for defluoridation of water. Commercially available technical grade
activated alumina granules supplied by Sethiya Solvents & Chemicals, Tamil Nadu,
were used.

13.2.2 Batch Adsorption Studies

In each system, 300 mL of water (containing 2 ppm of fluoride, 113 ppm of chloride,
420 ppm of total hardness) is taken in a 500-mL polyethylene container and main-
tained at 31 °C. The solution is stirred at 240 rpm mechanically for definite period
after the addition of desired amounts of adsorbent. The suspension is filtered through
a sintered crucible (G4). The filtrate is tested for fluoride by SPADNS method, chlo-
ride by silver nitrate method and hardness by EDTA method [20]. The final fluoride
concentrations were measured by Zr-SPADNS method [21]. The fluoride concen-
tration in the sample after defluoridation is calculated from absorbance value of its
coloured solution and standard curve. The same procedure is adopted for all the
experiments carried out by varying amount of adsorbent, contact time, temperature
and added salts. The percentage removal of fluoride/chloride/total hardness of water
is calculated from C0 (initial concentration in solution) and Ce (final concentration
in solution after adsorption).
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13.3 Results and Discussion

13.3.1 Batch Mode Defluoridation of Water by Activated
Alumina

It is very well-known fact that activated alumina acts as an efficient defluoridizing
agent. Therefore, it is thought worthwhile to know the effect of various factors affect-
ing the defluoridation capacity of activated alumina, before designing the column for
continuous defluoridation of water using activated alumina as an adsorbent.

It is observed that with an increase in the amount of activated alumina, an increase
in the % removal of fluoride is observed (Fig. 13.1a). It can be explained based on
the increased active sites availability causing an improvement of active surface area,
especially at higher adsorbent doses [22]. Afterwards, equilibrium is attained beyond
certain dose. The effect of the agitation time on the removal of fluoride ion is shown in
Fig. 13.1b,which clearly indicates that the removal of fluoride is fast during early time
but turns out to be slow and almost decays with a further rise in the interaction period
beyond 10 min. It hints that the fluoride removal rate is greater in the early phase
because of availability of sufficient adsorbent surface area. A decrease in adsorption
takes place with further increase in contact interaction period because of a decline in
the accessibility to the active sites. Percentage of fluoride ion adsorption increased
with an increase in contact time and the observed can be endorsed to the point that
higher duration makes acquainted the fluoride ion to make adsorb on adsorbent [23].
The maximum adsorption percentage was recorded at 10 min with all adsorbents,
and then onwards, sluggishness was observed. Per cent of defluoridation increased
up to 31°C and then decreased (Fig. 13.2b). It shows that chemisorption is activated
with an increase in temperature. Further confirmation of governing of chemisorption
in the fluoride adsorption on activated alumina is evident as it obeys Langmuir’s
adsorption isotherm [24].

To study the effect of the existence of anions (like chloride) and cations (like cal-
cium) on the defluoridation capacity of water, sodium chloride and calcium chloride
were added. There is no effect of added anions like chloride on the defluoridation of

Fig. 13.1 Effect of a adsorbent dose and b time on % removal of fluoride
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Fig. 13.2 Effect of a salt type and amount, and b temperature on % removal of fluoride

water as there is no change in the defluoridization capacity with a rise in [chloride
ion]. But, the concentration of fluoride decreased progressively with an increase in
the concentration of the added calcium chloride (Fig. 13.2a). The observed decrease
in fluoride concentration can be attributed to the added calcium ion because there is
no effect of chloride ion on defluoridation. Moreover, it is an established fact that
the fluoride can be removed as calcium fluoride by the calcium ions. In spite of high
affinity towards fluoride by adsorbents containing Al, Zr, Mg and Ca, the presence
of some anions (nitrate, sulphate, bicarbonate and phosphate) decreases their affinity
[25–27]. Adsorption of chloride and nitrate ions on activated alumina is negligible,
whereas sulphate and bicarbonate ions adsorb fairly well. Further, an increase in
bicarbonate ions decreases the adsorption of fluoride on activated alumina due to its
competitive adsorption [15]. As many other anions are present in the groundwater
taken in the present case, the efficiency of fluoride ion adsorption decreases further.

In viewof practical conditions, throughout the present study, defluoridation studies
were carried out at neutral pH. However, defluoridation capacity of AAwas reported
as 3, 5.6 and 20mg g−1 for alkaline, neutral and acidic water, respectively [24]. Davis
and Leckie [28] reported that fluoride sorption capacity decreases with an increase in
pH due to a decline in the establishment of ligand-like complexes. It is a known fact
that defluoridation by adsorption is interfered by hydroxide ions. Defluoridation by
activated alumina can be explained by Stern model of double layer. Charge potential
on alumina is zero when pH is 9. As hydrogen ion is the potential-determining ion
for the surface charge of AA, it is positively charged when [H+] is greater (pH <
9). Hence, negatively charged fluoride ion adsorbs on oppositely charged AA. In
addition, adsorption process is also governed by “specificity factor” and adsorption
order: F− � OH− � HCO3

− ≫ Cl− = SO4
2− [24]. Therefore, defluoridation

capacity of AA decreases with an increase in [HCO3
−].
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13.3.2 Determination of Operational Defluoridation Capacity
of Alumina

50 g of activated alumina is added to 1 l of water containing 2 ppm fluoride, 113 ppm
chloride and 420 ppm of total hardness and allowed to be at equilibrium for 24 h and
then filtered. The amount of removed fluoride is estimated colorimetrically based on
the concentration of fluoride in the water before and after adsorption. The process is
repeated with the same alumina with the addition of fresh samples of water added at
the same amounts fluoride, chloride and total hardness. This process is repeated till
there is no defluoridation by the alumina. The total defluoridation capacity is found
to be 57 mg fluoride/50 g of alumina. Therefore, operational defluoridation capacity
of the alumina is 1.14 mg fluoride g of alumina. The literature survey shows that
adsorption capacities (mg g−1) of AA (OA-25 grade), AA (AD101-F grade), acidic
alumina, modified AA and third aluminium hydrate (TAH) are compiled as 1.78,
0.42, 8.4, 0.76 and 25.8, respectively [29]. Probably, there exists a high variance in
“degree of activation” in variety of alumina products. Another justification may be a
difference in pH in addition to the brand of the product. Most of the previous research
works involve the usage of distilled water for fluoride ion solution preparation and
high grade alumina with high adsorption capacity. But in the present study, it is
based on water having different salts and technical grade alumina. Therefore, the
operational capacity—1.14 mg/g—is considered while designing the column for
defluoridation.

13.3.3 Design of Continuous Defluoridizing Unit

Compared to other defluoridation methods, packed bed adsorption method is more
preferred. Some of its advantages are easier operation, reasonable capital and oper-
ational costs, no sludge formation and easy replacement of bed [30]. Batch method
faces three main problems, i.e. (1) drying of filter bed and hence shortening of life-
time of filter for intermittent usage, (2) incomplete utilization of adsorbent and (3)
limited release of defluoridate water at once. Hence, a continuous defluoridizing unit
is designed in the present study. Combined filter contains two filter processes in
the same structure to remove fluoride and microbes by using adsorbent and silver
nitrate, respectively. However, in view of disadvantages like higher cost, maintenance
requirement, low susceptibility to higher turbidity, etc., the concept of combined fil-
ters was not considered.

An attempt has been made to design the column using activated alumina as an
adsorbent for defluoridation of water continuously for domestic purpose. A family
of four members was taken as a model. The initial and final fluoride concentrations
are taken as 2.0 and 0.7 ppm, respectively.

Daily personal water demand = D = 3 l/consumer/day
Number of users = N = 4
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Operation period = OP = 2 ½ months = 75 days
Operational sorption capacity = C = 1.14 g/kg
Bulk density of alumina = ρ = 1.12 kg/l
Raw water fluoride concentration = Fi = 2.0 mg/l
Mean fluoride concentration in treated water = 0.7 mg/l
Volume ratio supernatant water/medium = VRSW/M = 0.2
Daily water treatment = Q = D × N = 12 l/day
Overall quantity of treated water in a filter period = VT = Q × OP = 900 l
Overall quantity of removed fluoride in a filter period= FT = VT ×(Fi−Ft)

1000 = 1.17 g
Amount of Al2O3 required for renewal = M = FT/C = 1.03 kg
Volume of Al2O3 in filter = VM = M/ρ = 0.916 l ∼= 0.95 l
Treated no. of bed volumes during filter period = BV = VT

VM
= 982

Supernatant water volume capacity = VSW = VRSW/M × VM = 0.183 l ∼= 0.2 l
Total volume of filter = VF = Vm + VSW = 0.95 + 0.2 = 1.15 l.

13.3.4 Corresponding Dimensions

Karthikeyan et al. [24] studied the rate of water flow in a column filled with activated
alumina. According to them, variation in column height and particle size causes a
substantial alteration in water flow rate. Particle size increase caused a rise in pore
volume leading to an enhancement of flow rate. Bed height increase results in an
enhancement of offered resistance which leads to a decline in flow rate. In view of
these two reasons, selection of bed height and particle size is the important parameter
to be considered while designing a defluoridation unit. Important issue to be noted
is that minimum contact period is required between adsorbent and fluoride ion to be
removed. At the same time, very lower flow rate design will not be accepted by end-
users. Taking into consideration the equal weightage of flow rate and defluoridation
capacity, it is decided to choose the intermediate size of the particle in the range
140–180 mm because both factors are optimal in the chosen range. Based on it,
fixation of columnheightwas done.Moreover, it is always advisable to select the ratio
of column diameter to particle diameter as more than 20 to decrease the channelling
chances [31, 32]. Several trails were made with different dimensions, and it is found
that the optimum diameter as 7 cm for the decided quantity of alumina.

Filter diameter (selected) = Φ = 7 cm
Total height of the filter = HF = VF/[π × (Φ/2)2] = 29.897 cm ∼= 30 cm.

13.3.5 Defluoridation Studies on the Designed Unit

PVC pipe having an internal diameter of 7 cm was used for this study. The column
was connected to a feed tank with inlet control valve. Activated alumina bed was
fixed, and proper distribution in it was ensured by packing it between two circular



180 S. Parveen et al.

Fig. 13.3 Design of the
proposed house hold
defluoridation unit

perforated PVC sheets. Plug pairs encompass these sheets which function as filter-
ing medium to remove any dust/dirt from inlet and support to the bed, respectively
(Fig. 13.3). Random packing of adsorbent is ensured by initial filling of the column
with deionized water followed by activated alumina, whereas the reverse filling order
may result in a decline of adsorbent efficiency due to the development of air gaps
which leads to further channelling phenomenon. A closely packed adsorbent bed
was ensured by soaking with distilled water and leaving for overnight. It is a known
fact that activated alumina on hydration changes from the mineral form boehmite
(AlOOH) to gibbsite (γ-Al(OH)3) [33]. Further, it was also established that fluoride
better uptake by it happens due to a change in surface morphology, which is done
by soaking it for one day [34]. Hence, the above overnight soaking of bed with dis-
tilled water also helps to improve defluoridation. Process was carried out at room
temperature. Column kept filled with feed water even during resting period. Practical
aspects in the usage of AA for defluoridation of water were studied by regulating the
flow rate in order to maintain minimum 5 min contact time. Input and output were
collected at regular intervals of time in order to analyse the fluoride concentration.
The residual amount of fluorine in outlet water was found to be within permissi-
ble limits. However, the three key issues involved in realization of any household
defluoridation units are (1) motivation, (2) appropriate and cheap technique and (3)
technical support including training on efficient regeneration to one of the villagers
to continue without any support from external agencies [35]. Similar to defluorida-
tion studies, decontamination units may be designed for the removal of heavy metals
using agricultural waste as adsorbents [35–39].
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13.3.6 Regeneration of Bed

A fourfold higher regeneration was observed with 0.1 N sodium hydroxide solution
compared to 0.1 N hydrochloric acid solution. High negative charges are created on
the surface of AA during elution of fluoride using sodium hydroxide. Hence, the
already adsorbed F− experience repulsion from the surface leading to their diffusion
into solution [24]. For regeneration, the exhausted AAwas shifted into a bagmade up
of nylonmesh and immersed in alkali solution for overnightwith intermittent stirring.
A marginal decrease in adsorption capacity was observed even after 25 regeneration
cycles.

13.4 Conclusions

Lower values of operational defluoridation capacity of alumina can be explained
based on the presence of competitive ions in the water to be treated. A continuous
defluoridation unit was designed for domestic purpose using activated alumina as an
adsorbent. The residual amount of fluorine in outlet water from the unit was found
to be within permissible limits. Sodium hydroxide solution (0.1 N) was found to be
the best regenerating agent for the exhausted bed.
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Chapter 14
Simultaneous Saccharification
and Fermentation of Watermelon Waste
for Ethanol Production

Venkata Nadh Ratnakaram , C. G. Prakasa Rao and Satya Sree

Abstract As the world oil reserves are draining day by day, new resources of carbon
and hydrogen must be investigated to supply our energy and industrial needs. An
extensive amount of biomass is accessible in many parts of the world and could be
utilized either directly or as crude material for the production of different fuels. The
motivation behind the present research is to find an appropriate strain for the fermen-
tation of watermelon waste to get ethanol. Saccharification and fermentation (SSF)
of watermelon waste were carried out simultaneously in the presence of A. niger and
S. cerevisiae (toddy origin and baker’s yeast). Toddy originated S. cerevisiae culture
is found to be more active than that of baker’s yeast. For the ethanol production, the
optimized conditions for different parameters like temperature, time, strain and pH
are finalized.

Keywords SSF · Bioethanol production · Biowaste ·Water melon · Fruit waste

14.1 Introduction

14.1.1 Watermelon Waste and Its Products

Food demand of growing population is fulfilled by the progression in agricultural
production, but the same generates large amounts of waste known as “food chain sup-
ply wastes” [1]. Substantial amounts of food wastage happen in developed countries
at the stage of consumption, whereas, in under developed countries, huge wastage
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of food is mainly produced in different stages of food supply chain [2]. Food waste,
especially from perishable fruits and vegetables, is produced chiefly due to poor
storage conditions and various post-harvest unit operations [3]. The usage of food
waste to generate value-added products is in alignment with the contemporary
notion—sustainable development that is targeted towards security of food, protection
of environment as well as energy efficiency. About 15% of total fruit yield is wasted
[4]. So the generated large quantities of food or fruit waste can be used to harvest
energy and chemicals [5]. Another advantage is that it is renewable.

Watermelon (Citrullus vulgaris Schräd) belongs to Cucurbitaceae family and
grows in tropical areas. It is cultivated in the south and central regions of India and
stands in 26th position of its production [6]. In addition to the consumption of fresh
fruit, watermelon is also used in the preparation of different food products like sauces,
jellies, salads, juices and marmalades. It is considered as medicinal plant due to the
pharmacological activities of compounds present in it [7] and its seeds [8]. Hence,
the researchers are concentrating on the extraction of oil from seeds of watermelon
[9]. As per the available recent literature, watermelon production in India is about
1.83 × 106 metric tonnes [10]. Its biomass contains three major components, viz.
flesh (68% w/w), rind (30%) and seeds (2%) [11]. Watermelon waste is generated
from fruit juice stalls, restaurants and food industries. Though a small quantity is
used as animal feed, a large quantity of watermelon waste (> 90%) is disposed off
causing environmental challenges.

A number of products were reported using watermelon waste. Jam was prepared
from watermelon waste [12]. It is a source of nutraceuticals like lycopene, useful
antioxidant carotenoid, and is useful for health of prostate [13]. Another available
neutraceutical is L-citrulline, a precursor of L-arginine and also helpful in detoxifying
the catabolic ammonia [14]. Oil and proteins were extracted from watermelon seeds
[6]. Sugar was extracted from its rind [11]. Xylanase and polygalacturonase were
produced by solid-state fermentation of watermelon rinds by Trichoderma species
[15]. Cutin was prepared from watermelon peels by using Fusarium oxysporum
MTCC2480 [16], and similarly glucose was synthesized using far IR radiated energy
[17]. Its shell was used as an adsorbent for the removal of heavy metals [18] and
pesticides [19].

14.1.2 Alternatives to Fossil Fuels and Ethanol
from Watermelon Waste

Rates of petroleum products are increasing regularly due to fast diminishing of their
reserves. To meet the rising needs of chemical industries and automobiles, world-
wide search is motivated for different alternatives [20]. Due to the presence of 35%
oxygen in ethanol, it undergoes total combustion reaction with a diminished amount
of emissions in contrast to the incomplete oxidation of fossil fuels associated with
release of harmful gases. In India, the contribution of domestic crude oil towards
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country energy demand is 23% and the balance is met from imports [21]. A con-
siderably reduced emission of greenhouse gases is possible by the usage of fuels
blended with ethanol [22]. MNRE, India, is aimed at blending of 5% ethanol to the
fuels to meet the demands [23]. Hence, a thrust on the field of fermented ethanol
production is observed during recent decades.

Biorefinery concept suggests the usage of entire biomass of a biological product
to generate a range of value-added products (like commodities, fuels and chemicals)
by processing (physical, thermal, chemical or biological) leading to minimization or
nil wastage [24]. Successful implementation of this concept is reported in a number
of biological products including microalgae [25], lignocellulose [26] and sugarcane
[27]. The concept of biorefinery was also extended to watermelon by converting its
different components into value-added products including ethanol. In 1925 itself,
Henry Ford described ethanol as “the fuel of the future”. He also indicated that “the
fuel of the future is going to come from apples, weeds, sawdust—almost anything.
There is fuel in every bit of vegetable matter that can be fermented” [28]. His vision-
ary speculations came into true from the recent research outcomes in this area. In
2017, the total fuel ethanol produced worldwide is 17,500 million gallons and the
contribution of India is 280 [29]. Even after the extraction of these nutraceuticals, the
remaining watermelon waste consists of sugars (about 10% w/v), and the same can
be fermented directly to ethanol. Watermelon juice was fermented to get the vinegar
as the final product via ethanol production [30]. Bioethanol was produced by the fer-
mentation of watermelon seeds with S. cerevisiae after removal of linoleic acid [31].
Zymomonas mobilis and Saccharomyces cerevisiae were used, respectively, for SSF
of watermelon rind for effective ethanol production compared to the usage of sin-
gle organism for both steps [32]. Ethanol production was reported as 5.86%. Native
microorganisms were used for hydrolysis (Aspergillus fumigatus and Leuconostoc
dextranicum) and fermentation (Z. mobilis) of watermelon waste to produce 27.62%
higher amounts of ethanol [33].

14.1.3 Objective of the Present Work

Whole watermelon waste is chosen as the raw materials in the present work for the
production of ethanol. Fermentation has been carried out by using S. cerevisiae of
toddy and baker’s yeast origin in order to assess the best performer of these two
strains. Aspergillus niger is used as a saccharifying agent so that a high concentra-
tion of ethanol can be produced. The effect of time, temperature, concentration of
S. cerevisiae, concentration of A. niger and variation of pH were studied in the
presence of both the strains.
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14.2 Experimental

Analytical grade purity chemicals were used throughout the present research work.
Aspergillus niger (MTCC 281) and baker’s yeast obtained from local market were
used.

14.2.1 S. cerevisiae (Toddy Origin)

Toddy is produced profusely in India, and its availability is high. So, it is selected
as an inexpensive source for the development of an appropriate yeast strain which
can be used for ethanol fermentation. The Saccharomyces yeast was isolated from
toddy using serial dilution technique in our laboratory. Isolated the S. cerevisiae
strain from toddy using the malt extract medium. On the basis of the morphological
and physiological properties, the strain was identified as S. cerevisiae [34]. Agar
slants were prepared comprising agar-agar (2%), glucose (1%), malt extract (3%),
beef extract (0.3%) and peptone (0.5%). The culture was maintained for five days at
room temperature and then stored at 4 °C. To prepare the yeast inoculum, colonies
of growing phase S. cerevisiae were taken from PDA slant which were having an age
of one week and transferred to dextrose broth (10.0 ml) and then incubated for 24 h
at 25 °C.

14.2.2 Aspergillus niger

About 200 g of peeled potato slices were taken and boiled for one hour in 500 ml of
distilled water to obtain potato infusion. To this, 200 g of dextrose and 20 g of agar-
agar were added and then made up to 1000 ml. Then, A. niger spores were dispersed
in 100 ml sterile water, and it was added to PDA medium. This was maintained at
37 °C for 48 h in orbital shaking incubator.Hemocytometer and binocularmicroscope
were used to count the spore number, and 9.55 × 107 per ml was the spore load.

14.2.3 Fermentation Inocula Preparation

It is prepared by using sucrose (10 g), potassium dihydrogen phosphate (0.5 g),
MgSO4 (0.04g),NH4SO4 (0.2 g) andbeef extract (0.2 g).MediumpHwasmaintained
at 4.25 using a solution of 1 NH2SO4. Later, it was retained in an autoclave for fifteen
minutes at a pressure of fifteen psi. The obtained broth was brought to ambient
temperature and then inoculated with S. cerevisiae colonies. Then, the culture was
grown in orbital shaking incubator at 110 rpm.
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14.2.4 Preparation of Fruit Extract

Fruit waste of watermelon was obtained from the local fruit market, Guntur city,
India. After washing it a number of times using sterile water, the fruit waste was
peeled. Both seeds and placenta from the sliced pulp were removed and afterwards
stored at 4 °C inside a deep freezer. A sterile blender was used to convert the fruit
waste into slurry. Cheesecloth was used to filter the slurry to obtain the fruit extract.
Retained the extract in a sterile container. Measured 200 ml of extract and then
sterilized it in conical flasks (250 ml). Then added a carbon supplement to each flask
in the form of glucose (2% w/v). Loose plugging is done to the conical flasks using
non-absorbent cottonwool as well as aluminium foil. The contents were sterilized for
fifteen minutes at pressure of 1.0 kg/cm2 to achieve the sterilization and then cooled.
Separate inoculation ofmediumwas done using S. cerevisiae (1.1× 105 cells/ml) and
A. niger (4 × 105 spores/ml). Orbital shaker was shaked at 200 rpm to accomplish
aeration. Appropriate temperature was maintained to incubate the inoculated flasks.
Digital pH metre was used to measure the medium pH.

14.2.5 Estimation of Alcohol

Distillation column was used to distil the contents and heating was done slowly at
78 °C to collect the distillate. Spectrophotometry was used to determine the ethanol
concentration. Fermentation was carried out in triplicates. The concentrations of
ethanol were monitored using UV-Vis spectrophotometer, after the separation of the
cells by centrifugation and by measuring absorbance at 600 nm after following the
standard method of using potassium dichromate solution [35]. A calibration curve
was used to determine ethanol concentration.

14.3 Results and Discussion

14.3.1 Fermentation of Watermelon Waste

The effect of temperature as well as time on ethanol production from watermelon
waste by using S. cerevisiae (toddy origin and baker’s yeast) was studied by adding
S. cerevisiae (1.1 × 105 cells/ml) to a broth of 200 ml containing 40 g watermelon
waste. Fermentation experiments were conducted up to 93 h under varying tempera-
ture in the range 25–40 °C to investigate the temperature effect on alcohol production
from watermelon waste using S. cerevisiae strains (toddy origin and baker’s yeast).
With an increase in time, the percentage of ethanol production also increased till
47 h and then there was no appreciable change in ethanol production. From 25 to
35 °C, the ethanol production increased, but a decrease in the ethanol production
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Fig. 14.1 Effect of a time and b temperature on the ethanol production from watermelon waste by
using S. cerevisiae (toddy origin)

0

2

4

6

8

10 (a) (b)

17 47 93

%
 o

f e
th

an
ol

Time (h)

25 deg C
30 deg C
35 deg C
40 deg C

0

2

4

6

8

25 30 35 40

%
 o

f e
th

an
ol

Temperature (deg C)

17 h
47 h
93 h

Fig. 14.2 Effect of a time and b temperature on the production of ethanol from watermelon waste
by using S. cerevisiae (baker’s yeast)

was observed with the increase in temperature to 40 °C. It shows that at 35 °C, the
S. cerevisiae can sustainwell with highest activity onwatermelon fermentation. From
Figs. 14.1 and 14.2, it is clear that the optimum time and temperature are 47 h and
35 °C for the production of ethanol from watermelon waste using S. cerevisiae of
both origins (toddy and baker’s yeast). The comparison of the effect of S. cerevisiae
of toddy origin and baker’s yeast on ethanol production using waste of watermelon
was carried out at 17 h and 93 h fermentation. Both at the shorter (17 h) and longer
times (93 h), S. cerevisiae (3.3 × 105 cells) of toddy origin is more active than that
of baker’s yeast (Fig. 14.3).

The effect of the concentration of S. cerevisiae (toddy origin and baker’s yeast)
on ethanol production from the waste of watermelon was carried out at 30 °C. In
both instances, with an increase in the concentration of S. cerevisiae, the percentage
of ethanol produced also increased till 3.3 × 105 cells and then no appreciable
effect of concentration is observed (Fig. 14.4). Hence, the optimum concentration of
S. cerevisiae is 3.3 × 105 cells/200 ml.

pH has a significant influence on alcoholic fermentation in controlling bacterial
contamination, yeast growth and by-product formation. Therefore, the maintenance
of pH is of paramount importance in fermentation process. In the present study,
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Fig. 14.3 Comparison of effect of a S. cerevisiae of toddy origin and b baker’s yeast on the
production of ethanol at 17 and 93 h
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Fig. 14.4 Effect of the concentration of S. cerevisiae (a toddy origin and b baker’s yeast) on the
ethanol production from watermelon waste

experiments were conducted at diverse pH conditions in the range of 1–10.5 to
appraise the efficiency of the S. cerevisiae yeast strain. The temperature (30 °C),
time period (44 h), amount of fruit waste (40 g/200 ml) and number of cells of S.
cerevisiae (1.1× 105) were kept constant throughout the experiments. The optimum
pH is nearly neutral (i.e. pH 6.9) for cells of toddy origin, and it is 4.6 for cells of
baker’s yeast (Fig. 14.5).

14.3.2 Simultaneous Saccharification and Fermentation
of Watermelon Waste

In comparison to the traditional SHF (separate hydrolysis followed by fermenta-
tion), SSF has many advantages. Energy efficiency is one of them. Another one is
poor substrate inhibition as the organism involved in fermentation is engaged in
ready consumption of sugars released in hydrolysis process. These advantages were
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Fig. 14.5 pH effect on ethanol production from watermelon waste by S. cerevisiae of a toddy
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Fig. 14.6 Effect of number of A. niger spores on the production of ethanol by S. cerevisiae of
a toddy origin and b baker’s yeast origin

noticed and reported previously by other researchers for other substrates [36]. In
view of the above advantages, simultaneous saccharification and fermentation of
watermelon waste were carried out at 30 °C, where A. niger and S. cerevisiae (toddy
origin and baker’s yeast, 3.3 × 105 cells) are saccharifying and fermenting organ-
isms, respectively.With the addition ofA. niger, the percentage of ethanol production
increased compared to simple fermentation by S. cerevisiae. This improvement could
be endorsed mainly to the accelerated hydrolysis of polysaccharides followed by the
improved discharge of fermentable sugars [37]. With an increase in the concentra-
tion of A. niger, the percentage of ethanol production was also increased and the
optimum concentration was found to be at 12× 105 spores/200 ml broth (Fig. 14.6).
Improvement in ethanol production in SSF (presence of A. niger spores) compared
to simple fermentation (zero spores of A. niger) process is also visible.

Microorganisms’ morphology and growth are determined by various factors, and
pH is important among them. It shows their sensitivity towards [H+] available in the
medium. In the present study, the experiments were carried out at diverse pH con-
ditions in the range of 1–10.5 in order to appraise the efficiency of the S. cerevisiae
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Fig. 14.7 pH effect on ethanol production from watermelon waste by S. cerevisiae of a toddy and
b baker’s yeast origin in the presence of A. niger

yeast strain (toddy and baker’s yeast origin) in the presence of A. niger. The tem-
perature of 30 °C, time of 44 h and the amount of fruit waste of 40 gm/200 ml were
kept constant throughout the experiments. The experimental results for the variation
of pH on ethanol production are displayed in Fig. 14.7. The optimum pH is found to
be nearly neutral (i.e. pH 6.9) and pH 4.6, respectively, for toddy and baker’s yeast
origin. The previous studies reveal that slightly acidic and neutral pH conditions
are suitable for optimal growth of fungi and bacteria, respectively. Fish et al. [38]
reported maximum ethanol yield at pH 5 in the fermentation of watermelon juice.
Synthesis, secretion and stability ofα-amylase are influenced by pH [39].Noteworthy
α-amylase yields were reported in submerged fermentation by fungi, viz. A. oryzae,
ficuum and A. niger in pH range of 5.0–6.0 [40–42]. S. cerevisiae and S. kluyveri
produce maximum amount of α-amylase at pH = 5.0 [43, 44].

Two reasons are assigned to the reportedhigher yield of ethanol in thepresent study
compared to the values of the literature. For example, 8.35% ethanol production was
reported from hydrolysis by 1.5 M acid followed by the fermentation of watermelon
peel [45]. Saccharification followed by the fermentation of watermelon rinds by
Trichoderma viride and Saccharomyces cerevisiae produced 3.08 g L−1 ethanol [46].

The first probable reason is the consideration of whole watermelon waste as raw
material instead of peel or rind or seeds as in the case of others. Whole watermelon
waste as a raw material can be justified as follows. Approximately 20% of its annual
yield is left behind in agricultural fields because of blemishes on their surface and
misshapes as it is rejected in local fresh fruit market [38]. But most of them are
internally healthy. Its juice has sugars, viz. glucose, fructose and sucrose (7–10%
w/v in total) which can be directly fermentable to ethanol [38].

The second and third reasons are non-addition and addition of nitrogen source
and of glucose (carbon source) to the fermentation medium. It can be substantiated
as follows. In general, an adequate amount of nitrogen is required for the maximum
growth of yeast and the production of ethanol, but it is not available in some of fer-
mentable sources like molasses. In such cases, watermelon juice also acts as a nitro-
gen supplement due to the presence of amino acids in free form (15–35 μmol/ml)
[38]. Hence, its juice was used as a feedstock, diluent to dilute the concentrated
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fermentable sugars like molasses and nitrogen supplement in the production of
ethanol [38]. In addition, the minor effect of nitrogen source addition on ethanol
production by the fermentation of watermelon waste was reported by Kim et al. [30].
However, ethanol yield was directly dependent upon the initial sugar level [47]. And
also, 12% glucose was used for fortification of juice and 5.3% ethanol was obtained
at pH 5.73 [30]. Hence, 2%w/v sugar was added to the fermentationmedium in addi-
tion to the 7.1–11.3% of sugar in watermelon [48] but not any addition of nitrogen
source.

14.4 Conclusion

SSF yields higher % of ethanol compared to simple fermentation. S. cerevisiae of
toddy origin is more active than that of baker’s yeast. Both in presence and absence
of A. niger, the optimum pH is nearly neutral (i.e. pH 6.9) and pH 4.6, respectively,
for S. cerevisiae of toddy origin baker’s yeast. Three reasons are assigned to the
reported higher yield of ethanol in the present study compared to the values of the
literature. The first probable reason is the consideration of whole watermelon waste
as raw material instead of peel or rind or seeds as in the case of others. The second
and third reasons are non-addition and addition of nitrogen source and of glucose
(carbon source) to the fermentation medium.
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Chapter 15
Autonomous Multifunctional Quadcopter
for Real-Time Object Tracking and Seed
Bombing in a Dynamic Environment

Pratham Nar, Shashank Sadanand Amin, Sashwata Banerjee, Vaibhav Garg
and Arjun Pardasani

Abstract In recent years, a staggering increase in the development and use of
unmanned aerial vehicles has been noticed in a comprehensive range of applications.
This paper is based on the utilization of autonomous quadcopter in plantation moni-
toring (Krishna in Agricultural drones: a peaceful Pursuit, [1]). Agricultural drones
are set to revolutionize the global food generation system. Agricultural drones are
already flocking and hovering over farms situated in a few agrarian zones. This quad-
copter will autonomously navigate, avoid collisions and collect data using computer
vision for post-analysis and drop seeds in specified locations. Using aerial quad-
copter for surveying vast agricultural land can reduce human efforts. The quadcopter
is designed to detect moving objects and identify rodents using an object recogni-
tion method. The motive of the paper is to design a low-cost unmanned autonomous
aerial vehicle system which will accurately and efficiently locate potential threats
and notify the owners about their location and severity.

Keywords Quadcopter · Computer vision · IoT · OpenCV · Seed bombing
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15.1 Introduction

Agriculture plays a crucial role in a country’s development. Agriculture provides us
with raw food materials to consume. It is also the cornerstone of economic system of
a country. It contributes majorly to the national income. It also furnishes people with
products of export, thereby helping in economic upswing. Present global population
is around 7.6 billion, and it is estimated that it will reach 9 billion by 2050.

With rise in population, demand for food will also increase. To cater the need of
the billions of people, there must be a boom in the production of raw materials and
food materials. There are several factors which hinder the agricultural production,
for example, extreme weather conditions, unavailability of water, excessive use of
pesticides, invasive species like pests and diseases. One more major drawback is
the decrease of human labour. It is evident that we need revolutionary technological
strategies to be applied in the field of agriculture not only to increase its production
but also to automate the process of farming and to monitor crops. The segmentation
of images also plays an important role in achieving the desired result [2].

Unmanned aerial vehicles or drones are used since the 1990s, it now has a broad
field of applications, and recently drones are beingwidely used in thefield of precision
agriculture. UAV or drones have become common to farmers, and they are utilizing
them for crop monitoring, livestock monitoring and transporting items from one
point to another. Using drone has many advantages over manual farming. It helps in
getting a better view of the field and can monitor a large area in short span of time.
Modern-day drones come with lots of sensors to get more details of the field so that
one can know what crops are affected, and how much water and pesticide they need.
Nowadays, most advanced systems fuse information gained from various sensors for
both localization (position) and navigation purposes [3].

This saves lots of water, and soil contamination is less as usage of pesticide
decreases.

To increase the crop yield, crops need proper pesticides and exact amount of
water. As data is gathered, the parameter estimates are refined and the trajectory is
improved. An illustrative example is given to demonstrate to capability of themethod
[4]. Drones can carry waters and fertilizers and can spray it on a large scale. This
saves a lot of time and money for the farmer. Using infrared sensors in drones, one
can know the health of the crop and can act accordingly. Drones can use cameras
to survey which part of the field requires more water and can monitor livestock. To
accomplish all these tasks, it is needed to develop a system capable of controlling
and navigating the UAV in an unknown environment using only On-board sensors,
without markers or calibration objects [2].

We worked on a drone system which can be utilized in farming. The drone we
developed is an autonomous one and hence does not require any pilot to control it. It
can survey large areas and can spray water from the cache attached on it. It can also
drop seeds and pesticides, can check soil moisture level and can also detect potential
threats to the crop. Thus, it can be used for efficient farming with reduced labour
cost and consuming lesser time. The use of multiple collaborative robots is ideally
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Fig. 15.1 CAD render of the developed drone

suited for such tasks. A major thrust within this area is the optimal control and use
of robotic resources to reliably and efficiently achieve the goal at hand [5].

15.2 Motivation

Agriculture suffers from a great deal of problems. Excessive use of water and fer-
tilizers may result in damage of crops. It is impossible to constantly monitor large
areas of agricultural land and protect them. Moreover, some parts of the field may
require lesser water, whereas some parts may require more. We developed a drone
keeping all the drawbacks in mind and tried to come up with a viable solution. We
developed an autonomous drone which can survey and transfer data wirelessly. Our
main objective was to reduce human effort by integrating two major contemporary
technologies, namely UAV and Internet of things. The drone which we proposed can
monitor crops, spraywater as per requirement, plant seeds and detect potential threats
[2]. This work presents a systematic review that aims to identify the applicability of
computer vision in precision agriculture.

15.3 Design

15.3.1 System Design

The below diagram describes the physical layout of quadcopter (Fig. 15.1).
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Seed Dispenser
Case

Archimedes Screw
Conveyor 

Fig. 15.2 Sectioned view of the seed dropper CAD model

Fig. 15.3 Sliced layer view on the Cura slicer

15.3.2 Seed Bombing Mechanism

Physical Layout:

See Fig. 15.2.

Description of the seed dropping mechanism:
The design of the seed dropper was done on SolidWorks. It consists of anArchimedes
screw with a length of 136 mm and a pitch of 30 mm completing 4.5 revolutions. It
has a diameter of 65 mm. The pitch was given such that the seeds would not drop
when the motor was switched off due to the slope and friction against the surface.

The seed dropper also consists of a case that has two openings at the bottom used
for deploying the seeds in both directions.

The design was sliced on a 3D printing slicer called Ultimaker Cura with a tri-
hexagon 50% infill and 3 shells printed at a 0.2-mm layer height. The total weight
of the parts was 193 g and took 10 h to print. The part was made of ABS.

The dropping mechanism consists of the 3D printed Archimedes screw and case,
a 12 V DC motor and balsa plate at the bottom to prevent seeds from getting stuck
and facilitating easy deployment (Figs. 15.3 and 15.4).
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Fig. 15.4 Three-
dimensional printed seed
dropper

15.3.3 Hardware

• Drone frame
• 4 × brushless DC motors
• Electronic speed controller
• Flight controller
• Power distribution board
• Receiver module X6B
• Transmitter
• Battery: LIPO
• Soil moisture sensor
• Infrared camera
• Bluetooth module
• Seed bombing mechanism
• Water storage area.

15.3.4 System Architecture

See Fig. 15.5.
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Fig. 15.5 Diagram of the system architecture of quadcopter

15.4 Methodology

The drone we proposed is an autonomous drone and can be controlled remotely by
using an application. The drone uses GPS to autonomously move from a point to
another which is set by the user. The GPS input is a waypoint co-ordinate input which
is fed into the algorithm.



15 Autonomous Multifunctional Quadcopter for Real-Time Object … 205

Algorithm

The algorithm is developed to make sure it does not collide with any obstacle on its
way and simultaneously scanning the field. After the drone is turned on, it first checks
the battery life. If the battery is sufficient, it proceeds with the next step, i.e. checking
for its current longitude and altitude. According to the GPS co-ordinates set by the
user, it plans its trajectory in such a way to avoid obstacles in its way. After reaching
its destined location, it activates its camera. Hemission planner component generates
routes for individual [6]. It can also land down to check the soil moisture if asked by
the user. The drone has the capability to drop seeds, spray water and pesticides and
check for rodents in the farm. It can detect objects using a camera and process the
images in real time to identify a potential threat to the crop which can be a rodent.
This can be done by capturing the image first and then tracking objects in it. Then,
the tracked object is identified by image classification technique. This entire process
is done in a dynamic environment. Improvements are needed regarding flight length,
camera vibration image acquisition and provision of the possibility of autonomous
take-off and landing [7].

Software

We developed amobile applicationwhich displays the telemetry sensor data acquired
from the Bluetooth module positioned on the drone (Figs. 15.6 and 15.7).

The on-board Bluetooth module (HC-05) transmits the telemetry data to the Blue-
tooth connected node on a cellular device. This developed application is used to view
the data.

The console software is used to change the configuration of the drone. Alongside
telemetry data, the software also shows the yaw, pitch and roll of the drone (Fig. 15.8).
The algorithm has been optimized for embeddedCPUs commonly employed in light-
weight robotic platforms [8].

15.5 Results

The following table describes the yaw, pitch and roll setting on the quadcopter and
gives a real-time plot of it (Figs. 15.9, 15.10 and 15.11).

The algorithm is implemented to recognize particular symbols and send the current
location of the drone to the mobile application. The process of dropping the seeds is
controlled by means of a feedback from the wireless sensor network deployed at the
seed container using the servo attached. The sample video is of a flying micro-drone
in a room. The algorithm was able to accurately detect the multiple symbols in the
two-minute video, regardless of the picture quality (Figs. 15.12, 15.13 and 15.14).
Image preprocessing plays a central role that significantly impacts to the results of
any classifiers [9].
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Fig. 15.6 Diagram of the
developed algorithm for
autonomous drone
navigation
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Fig. 15.7 Application

Fig. 15.8 Console software
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Fig. 15.9 Yaw, pitch and roll settings for the drone

Fig. 15.10 Yaw, pitch and roll versus time graph

Fig. 15.11 Testing of the seed bombing mechanism
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Fig. 15.12 Implementation of the object tracking algorithm

Fig. 15.13 Side view of the assembled quadcopter
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Fig. 15.14 Top view of the assembled quadcopter

We manufactured the U-shaped landing gear from section cut-outs of large diam-
eter PVC pipes. These circular cut-outs were cut in half and then moulded into shape
using boiling water. Zip ties were used to attach the landing gear to the quadcopter.

This type of landing gear is used to give sufficient ground clearance for the seed
dropper and other equipment attached to the bottom of the drone.

15.6 Conclusion

Farming requires a lot of manual labour in areas such as the distribution of seeds on
the field, countering pests and monitoring the water requirement of every crop. The
soil moisture and quality are some of the reasons that force us to shift towards the
modern ways of farming. The “autonomous multifunctional quadcopter” embedded
with the technologies like object detection and algorithms to spread seeds while
avoiding a collision. The drone also has the ability to detect rodents using image
processing. It also has the ability to check the soil and provide a practical solution to
these problems. Assisted natural regeneration (ANR)will play a vital role in assisting
the United Nations target, to restore degraded forest land to 350 million hectares, by
2030. In fact, they provide a low-cost solution for imagery collection, and the small
size and manoeuvrability makes UAVs a viable and low-cost option [10].
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Chapter 16
Designing of a Bulk Dishwasher
forWater Conservation in Mega Kitchens

Adheesh Shah , Vinayak A. Modi and M. Boopathi

Abstract Water shortage can be tackled by conserving water to the maximum
extend. Efficient usage of water is therefore important in all applications. Dish-
washing in mega kitchens results in water wastage as well as time-consuming. The
aim of this project is to design a continuous flow bulk dishwasher employing image
processing to identify the intensity of strain and control the quantity of water. It is
executed by fixing water jets controlled by a controller which sprays programmed
quantity of water on the plates on the conveyer belt and suitable angles of jet resulting
in effective cleaning, and efficient usage of water as well as reducing human effort,
in minimum lead time. If implemented, it will serve as a useful product for all mega
kitchens serving large number of people.

Keywords Dishwasher · Bulk dishwasher ·Mega kitchens · Continuous flow ·
Sustainable energy

16.1 Introduction

Water consumption for dishwashing in mega kitchens like buffets and parties is huge
owing to the fact that most of them are hand-washed dishes. Hand washing involves
more of an individual’s time while the conventional dishwasher takes more time as
a whole to wash dishes.
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Using heatedwater for sterilization [1–3] adds an additional hazard for the person.
Hand washing plays an important role in small batches but becomes increasingly
inefficient with the increment in batch size.

Mega kitchens have huge number of dishes to be washed in a minimum lead time
which is a problem that cannot be addressed with hand washing.

Jenny et al. [4] compared the hand washing and dishwashing machines on basis
of life cycle analysis and found that hand washing and dishwashing are similar along
the dimensions of energy use and greenhouse gas (GHG) emissions but differ in the
terms of intensity. It was also found out that hand washing uses more water than
dishwashing the same dishes.

Therefore, a mechanism to continuously clean the dishes is proposed, thereby
introducing the concept of continuouswashingmechanismby the use of belt conveyer
to reduce the lead time for washing.

Current designs in dishwasher [5–8] is a box type in which different chambers are
provided for keeping dishes which are kept for prolonged duration for washing [9].
Although, these designs are suitable for home or low-scale applications. The required
time forwashing large number of dishesmakes these dishwashers infeasible formega
kitchens.

Reusability of water is the main criterion selected here during the design.
Adjustable nozzles and multiple detergent dispensers allowing effective circulation
[10] of water are provided for human feedback. It will adjust and improve the quality
of cleaning during various loading conditions.

A mechanism for usage of hot water is also proposed for the dual purpose of
cleaning and sterilization [11–13]. The hot water used is heated through solar water
heater, thereby reducing the conventional energy consumption and carbon footprint.

Energy consumptions for conventional dishwasher in comparisonwith handwash-
ing was only 9000 J more [4], and the GHG emissions were low for dishwasher
in comparison with dishwasher. Hence, dishwasher, specifically designed for bulk
dishwashing, can result in significant water savings as well as can be green solution
resulting in lesser GHG emissions at almost equivalent energy consumptions.

Different types of dishwashers both market ready and proposed [14] were also
studied, and their energy and water requirements have been taken into consideration
for the calculation purposes [15, 16].

16.2 Principle of Operation

Bulk dishwasher incorporates conveyer system rather than box type to decrease the
lead time of operation. Bulk dishwasher consists of two washing chambers instead
of one chamber partitioned into two compartments as in conventional chambers. The
input hot water for dishwashing is preferred to be solar water heated so as to have
minimum environmental impact.

Flow process is shown in Fig. 16.1. The unclean dishes enter into Chamber 1 and
pass on to Chamber 2. Chamber 1 has a set of nozzles which sprinkle pressurized
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Fig. 16.1 Flow process of the bulk dishwasher

detergentwater onto the dishes. This detergentwater is supplied via a pumpat the base
of Chamber 2 which contains semi-used water which is obtained via post-washing
of dishes. The used water from Chamber 1 flows down from the conveyer to the fully
used water tank which is rinsed periodically.

Chamber 2 is for removal of all sorts of debris and detergent from the plates.
Chamber 2 contains a set of nozzles which is fed by hot water from solar water
heater or heat exchanger (as available). This water is fresh and is used for final
cleaning and sterilization of the dishes. This water after cleaning flows into Chamber
1 tank and is called as semi-used water as it can be used for further cleaning.

Water in Chamber 2 is mixed with detergent available at the base. This is accom-
plished by using a semi-permeable membrane or a sieve to optimize the usage of
detergent in the dishwasher. This semi-used water is fed into Chamber 1 for applying
detergent. As the water collected in Chamber 2 is still hot than the normal water.
This increases the total thermal efficiency of the dishwasher.

As water is being reused till maximum saturation, this decreases the water con-
sumption and hence has lesser impact on environment.

Dish movement is continuous; hence, the dishes can be washed in minimum lead
time without compromising cleaning quality.

16.3 Modelling of Bulk Dishwasher

The hydraulic circuit of the bulk dishwasher is shown in Fig. 16.2. There are two
pumps and four nozzles and hose pipes provided for flexible motion of the nozzles.
The reused water pump pumps the water from Chamber 2 base which contains semi-
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Fig. 16.2 Hydraulic circuit diagram

Fig. 16.3 Three-dimensional model of bulk dishwasher

used water (filled with detergent). This water is pumped to Chamber 1 where it is
used for applying detergent and for pre-cleaning of dishes. The freshwater pump
is used for pumping water from solar water heater source for final cleaning of the
dishes via pumping the water to nozzles present in Chamber 2 (Fig. 16.3).

Initially, the dishes are placed on the moving conveyer belt marked with specific
dish holders and major soiled plates are sponged off. Conveyer along with the dishes
enters into the first chamber where water mixed with the detergent is sprayed on the
plates with the help of two nozzles (one nozzle and one shower).
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The pressurized detergent-mixed water serves the dual purpose of removing the
lightly soiled stains and emulsifying the strongly soiled parts. The nozzles are kept
adjustable so as to facilitate its orientation as per the need.

Two-nozzle arrangement is preferred over one nozzle because the shower arrange-
ment shall covermore area of the plate and emulsifyingmajority of stains. The nozzle
part shall deliver the water with high kinetic energy, thereby removing light stains
and some freshly emulsified stains in the initial stage itself, thereby reducing the load
in second stage.

After passing through the first chamber, the plates are moved to the second cham-
ber. Here, the preheated water (through a solar heater arrangement) is drawn through
a pump and sprayed on the plates with the help of two-nozzle arrangement (one
nozzle and one shower), thereby removing the leftover stains. Using heated water
(70–80 °C) in the process also sterilizes the plates, thereby eliminating the need for
any post-processing operation other than drying.

The chief highlight of thismethod iswater reusability as thewater used inChamber
2 (freshwater) for rinsing the plates is collected in the tank below and is concentrated
with the detergent by using the immersed detergent containers equipped with semi-
permeable membranes allowing the slow but steady mixing of detergent with water.

The concentrated water is then pumped to nozzles in first chamber with the help
of a submersible pump of the required rating, thereby reusing the water and reducing
the water consumption by a factor of 2.

Pumping the water from second chamber also ensures higher water temperature
(>50 °C), thereby increasing the emulsifying capacity of concentrated detergent
mixed water and also increasing de-soiling capacity of water at the given kinetic
energy (Table 16.1).

16.4 Life Cycle Assessment (LCA) Study [17]

16.4.1 Goal and Scope

The goal of this study is to determine whether or not a bulk dishwashing machine is
more efficient than hand washing for both energy and water consumption.

The analysis aims to see which method has a larger environmental impact as
measured by carbon dioxide (CO2). The scope of this life cycle assessment (LCA) is
limited to the phase when the dishwasher is being used. The stages of manufacturing
and disposing are not considered for this LCA study.
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Table 16.1 Bulk dishwasher specifications

Parameter Specifications

Conveyer speed 5 inch/s

Time to transverse (1 dish) 50 inch/5 inch per second = 10 s

Time in freshwater chamber 10/2 = 5 s

Nozzle output (for 1 unit) 0.15278 L/s

Total output (2 nozzles) 0.305 L/s

Total freshwater used (per dish) 0.305 l/s * 5 s = 1.5 L

Power used by one pump 18 W

Total power used by 2 pumps 36 W

Weight of conveyer 0.3 * 25 = 7.5 kg

Weight of standard SS plates 0.25 * 10 = 2.5 kg

Total load on conveyer motor 10 kg

Conveyer motor type BLDC

Conveyer motor power 1 KW

Continuous motor torque 3 Nm

Motor peak torque 14 Nm

Motor operating voltage 48 V

Fig. 16.4 Different stages of dishwashing

16.4.2 Function Unit of Analysis, Impact Categories,
and System Boundary

Function units taken for analysis are the maximum dishes and cutlery which can be
washed in dishwasher.

The impact categories that will be examined are CO2 emissions, total water use
and total energy use.

The system boundary includes stage 1 and stage 2 of washing. Soaps and sinks
are excluded as inputs. (Natural Gas if applicable) (Fig. 16.4).
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Table 16.2 Hand washing
energy consumption data

Hand washing inputs (per dish)

Units Base
values

Phase1 Water Water used (L) 1.18 (L)

Phase2 Water
supply

Energy (J) to
distribute water

8520

Heated
water

Natural gas (J) to
heat water

99,161

16.4.3 Methodology

Water and energy consumption analysis of hand washing is referred from [4] and
compared with theoretically calculated for the proposed bulk dishwasher. The for-
mula used for energy calculation is Eq. 16.1:

Q = m · c · �T (16.1)

where Q is the heat consumed in the dishwashing process, m is the mass of water
and c is the specific heat of water and � is the temperature loss/gain of water.

16.4.4 Lifecycle Inventory Analysis

Manual Hand Washing: The general trend in hand washing is to wash dishes with
running water rather than using pool of water. The water used for dishwashing is
heated from 15 to 35 °C in colder regions. Heating above 50 °C results in scaling
which is undesirable [18]. As majorly, dishwashers are used in developed countries,
unlike India. Hence, hand washing data from the US households is referred to [4].
Here, the underlying assumption is that water is not heated or heated via sustainable
sources like solar water heater. Hence, energy consumption for both hand washing
and bulk dishwasher is ignored as shown in Table 16.2.

The total energy consumedwas 107.6 kJ for dishwashing dishes by handwashing.
This will be compared by commercial and proposed bulk dishwasher.

Commercial dishwasher: This data was considered for older dishwashers with
lesser efficiency because dishwashers have a lifetime of 15 years [19]. Dishwashers
have become efficient over time [20], hence older dishwasher study reflects a more
reasonable study.

Consumption studyof commercial dishwashers [4]was donewith various assump-
tions like the water heater was set to 50 °C as shown in Table 16.3.

The dishwashers use 9000 J more energy than hand washing owing to the fact of
requirement of electricity for dishwasher operation.
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Table 16.3 Commercial
dishwasher consumption data

Commercial dishwasher inputs (per dish)

Phase 1 Water used Litres used 18.9 (L)

Phase 2 Heated water Energy to heat
water

2,767,716
(J)

Water supply Energy for
distribution

1,340,000
(J)

Manufacturing Manufacturing
energy

110.4 (J)

Table 16.4 Proposed Bulk
dishwasher consumption data

Bulk dishwasher inputs (per dish)

Phase 1 Water used Litres used 1.5 (L)

Phase 2 Heated water Energy to heat
water

220,000 (J)

Water supply Energy for
distribution

1,137,240
(J)

Manufacturing Manufacturing
energy

Not
available

Bulk dishwasher: Bulk dishwasher inputs were theoretically calculated as shown
in Table 16.4. Water consumption per dish was calculated as 1.5 L (Table 16.1).
Energy to heat water was calculated as 220,000 J which is considerably lower
than commercial dishwashers. Water supply energy was found to be 15% less than
the existing commercial dishwashers. Manufacturing energy consumption data is
unavailable as the proposed dishwasher is currently in design phase.

Comparative analysis of LIA: The comparative analysis was done for energy
consumption for heating water and supplying water for hand washing, commercial
dishwasher and bulk dishwasher (Fig. 16.5). Heated water for both handwashing and
bulk dishwasher is less due to the fact that bulk dishwasher derives its heated water
from external sources like solar water heater. Water supply energy is comparatively
lower for hand washing as compared to dishwashers. It was observed that bulk
dishwasher used significant lesserwater supply energy than commercial dishwashers.

In Table 16.5, Comparison of time consumption for dishwashing was done for
hand washing, Commercial dishwasher and bulk dishwasher. The bulk dishwasher
will use considerably less time to wash the dishes than handwashing and commercial
dishwashers. The time taken by bulk dishwasher is 10 s which is 12 times faster than
hand washing.
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Fig. 16.5 Comparison of
energy consumption of LIA

Comparison of energy consumptions
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Hand washing Commercial dishwasher Bulk dishwasher

Table 16.5 Comparison of time consumption under various considerations (Hand washer Vs Dish
washer Vs Bulk dish washer)

Water (L) Per dish Per loading (10) Per day Time per dish (s)

HW 1.18 11.8 94.4 120

DW 1.83 18.3 146.4 60

BDW 1.52 15.2 121.6 10

16.5 Conclusion

The idea for development of bulk dishwasherwas pitched to us by ISKCONTrust due
to the issue of overuse ofwater and timewastage in dishwashingduring large religious
feasts. Theproblemwas solvedbydesigning a belt-conveyer-baseddishwasherwhich
uses water twice, firstly for rinsing and secondly by collecting and concentrating the
semi-used water with detergent and then using it again for initial rinsing of other
plate and then finally discarding it, thereby reducing the water usage by a factor of
2.

The energy required for transporting thewater has been reduced by approximately
15%. The water heating element in the dishwasher had been eliminated as it uses
completely solar heated water, thereby considerably reducing the electrical energy
usage.
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Chapter 17
Modelling Water Resources
in the Ancient Indus Valley City
of Dholavira and Lessons Learnt

Satyajit Ghosh , M. Umashankar and Sayan Chowdhury

Abstract Dholavirawas a part of the IndusValleyCivilisation known for its efficient
town planning and water conservation. Dating back to 2600 BC, when cast iron and
steel pipes were sporadic and rather scarce, unskilled builders within the city cut
trapezoidal channels for water to flow into the city. These channels were excavated
from natural earth with low Hazen–Williams constant (0.01) avoiding major and
minor losses. Modern materials like cast iron when used cause excessive frictional
losses inside the pipes, resulting into loss of hydraulic gradient. The most crucial
fact that this paper establishes is a new calculation of the city’s natural hydraulic
gradient which is estimated to be about 12–20 m. This is sufficient for an efficient
distribution of water from reservoirs to the inner dwellings of the city. The reservoirs
with a height of 22–24 m could supply a unit demand of 11–16 MLD and store 2–3
MLD. The hydraulic gradient obtained from a Bentley WaterGEMS simulation was
around 24 m which was close to the natural hydraulic gradient. The Scenario energy
cost for Dholavira was also calculated using an energy pricing model which was
then compared to modern-day water management systems. When superimposed on
the 2600-BC-old distribution channel, it gave a savings of about 7.02 million USD
annually in terms of energy efficiency.
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17.1 Introduction

17.1.1 Historical Prelude

Dholavira (230 53′ 10′′ N; 700 13′ E) in Western India is etched in the annals of
history. It has its own story to narrate. Dholavira is the biggest of the two most
noteworthy excavations of the Indus Valley Civilisation [1]. Encompassed by Lothal
and the Rann of Kachh, this archaeological site was exhumed out and is presently in
Khadirpet, Bachau Taluka of Kutch district, modern-day Gujarat, Western India. Its
namebegan fromanameof a town found1kmsouth of it. The 120-acres quadrangular
city lay between two occasional streams—Mansar in north and Manhar in the south
[2]. These two streams are the fundamental wellspring of water supply to the natural
reservoirs of the city. The site was occupied from 2650 BCE until the point when
it was relinquished. It was re-possessed from 1450 BCE. During 1967–1968, the
site was discovered by Joshi, Deputy General of Archaeological Survey of India [3].
An aggregate of seven noteworthy social stages reported the progressive ascent and
fall of the urban arrangement of the Harappan human advancement in its premises
(Fig. 17.1).

Dholavira comprises interlinked check dams with eastern and western supplies
ceaselessly encouraged by the surges of the Mansar and the Manhar [4]. The city
was separated based on class structure into a citadel, a middle town and the lower
town (Fig. 17.2). The Manor and a Bailey were a piece of the stronghold alongside
a graveyard. The whole lower town and two-tenths of the middle town incorporated
intense projections and breaks. The city divisions were accommodated based on the

Fig. 17.1 Artist’s impression of Dholavira. Source https://www.sindhulogy.org/sindh-at-a-glance/

https://www.sindhulogy.org/sindh-at-a-glance/
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Fig. 17.2 Two-dimensional
line plot of Dholavira
showing internal divisions
within the city. Source
Authors, made with
Autodesk AutoCAD
Software

living segments and the city likewise incorporated a main road which kept running
from the east to the west [5]. The excavations show the presence of check dams,
drains, channels, reservoirs and bunds—essential arrangements to divert outflows
from the Manhar into an eastern reservoir along the Harappan site. What was truly
remarkable was that the Harappans had the technology to lessen flood flow turbidity
along the Manhar. This was possible through a process that involved the diversion of
the silty water through a chain of interconnected reservoirs allowing the sediments
to settle and make the water potable when it occupied the eastern reservoir [6].

The citizens of Dholavira were efficient and innovative people who strove to
conserve water employing rainwater harvesting in a parched landscape athirst for
potable water. Extant amounts of rain (554.3 mm/year) prevailed even then. They
engineered an intricate system with massive rock-cut reservoirs along the eastern
and southern edges. One is able to discern its large stone drains that directed the
collected storm water to the western and northern flanks in the lower city. This was
separated by bunds effecting reservoirs connected in tandem. The city’s imposing
well is a very early example of a rock-cut well [7].

17.2 Population Density, Water Demand and Flow Lines

Reassessing previous estimates of population density fromMohenjo-daro andHarap-
pan settlements, it was found that both Dholavira and Lothal, along with eight other
Mohenjo–Harappan settlements, accounted for a total population of 33,000–41,000
each yielding a rough density of 76 people per acre with an estimated area of 458.28
acre [8].
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Fig. 17.3 Hydraulic flow line patterns superimposed on 2D plot of Dholavira town made with
Autodesk AutoCAD software

The population count was different for different divisions of the town, with the
most populated division in the lower town where people were considered poor. In the
middle town, the population comprised mainly of the warrior class and the priests,
whilst the elite, comprising ministers and bureaucrats, occupied the citadel. It was
evident that the lower town had less access to water from the reservoirs directly
as shown in Fig. 17.1. The lower town citizens were made to work for the upper
classes. Thus, the per capita demand of the lower town was much higher than that of
the middle town and the citadel.

Themodern-day per capita demand forwater is placed around 135L/Day account-
ing for cooking, washing, bathing, drinking, fire demand, sanitation and cleaning
works [7]. However, the water demand per capita was supposed to be much lower
than present-day values owing to a lower population. Considering the count of pop-
ulation, they had facilities with extensive storage of water for subsequent use in
Matkas, Tankas and clay pots. Whilst the demand was around 120 L/Capita/Day for
the citadel, for that of the middle town it was estimated to be 130 L/Capita/Day. From
Fig. 17.2, it is quite evident that an extremely efficient water distribution system was
required so that even the lower town got a minimal water supply. From common
knowledge of water resources and hydraulics, one knows that the hydraulic gradient
line (HGL) runs from a higher elevation towards a lower elevation [9], i.e. water
from the reservoir should first flow towards the middle and then finally to the lower
town (Fig. 17.3).
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17.3 Design and Simulation of an Extensive Water
Distribution Network Using WaterCAD

The entire water distribution network of Dholavira was designed and analysed in
WaterCAD. The software used was WaterGems Water-CAD, provided by Bentley
Systems. Google Earth Pro was integrated with WaterGEMS for dimensional and
geographical accuracy.

17.3.1 Prerequisites for Design

The most important consideration for the design was the elevation of each and every
node and junction. The respective elevations were obtained from Google Earth Pro
using a polygon extraction method. Around 12 points were marked along the periph-
ery of Dholavira, and it was connected using lines to form a polygon. The polygon
was saved as aKMZfile. The filewas auto-converted to aDEM terrain data extraction
file format, and the elevation of each node was imported into an Excel sheet [10].
The elevation data for the reservoirs and tanks were sourced from the Archaeological
Survey of India reports [11].

17.3.2 The Water Distribution Network

A two-dimensional AutoCAD plot in the form of DWG or JPEGwas imported as the
background image forWaterGEMS. The image was prescaled according to a Google
Earth scaling system. Network elements like junctions, reservoirs and tanks, were
assigned according to the prescaled background plans for Dholavira. Then pipelines
were drawn connecting all other elements forming a rectangular open grid network
(Fig. 17.4). A water distribution network provided values for the elevation, water
demand, pipe length, pipe diameters, roughness of the pipe and the Hazen–Williams
constant.

17.3.3 The Junction Input Data

Each and every junction as shown in Fig. 17.4 has a unique dynamic elevation
profile. These elevation data were taken from the elevation profile obtained by image
processing as shown in Google Earth. The junction elevation data decide the flow
direction of the water, the hydraulic gradient profile and the discharge at various
nodes. The elevation of each junction was given as input to the WaterCAD software
(Table 17.1).
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17.3.4 The Pipe Input Data

Pipes are the main component in a water distribution network. It interlinks the nodes
and junctions with each other. Thus, one needs to provide various physical properties
comprising the length of pipes, the diameter of pipes and Hazen–Williams constant
for the pipes (Table 17.2). These, in turn, determine the coefficient of minor losses.
Whilst major losses are mainly frictional generated inside the pipe and dependent on
its material composition, the minor losses arise from sudden expansion and contrac-
tion along bends, elbows and other fittings. The Hazen–Williams constant is used in
the Hazen–Williams equation given below in Eq. (17.1). It is an empirical equation
relating the flow of water inside a pipe with its physical attributes of the pipe and
depends on the pressure drop caused due to friction [12].

The general form of Hazen–Williams equation is:

V = KCR0.63S0.54 (17.1)

Fig. 17.4 Water distribution network showing junctions, pipes, reservoirs. Source Authors, made
with Bentley WaterGEMS
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where V is velocity, K is a conversion factor for the unit system (K = 0.8449 in SI
units), C is the roughness coefficient, R is the hydraulic radius, and S is the slope of
the energy line (hf/L, i.e. head loss per unit length of pipe) [13].

17.3.5 The Reservoir Elevation Data

Reservoirs are largely natural or artificial lakes used to collect, store and supply
water as and when required. Thus, reservoir elevation data are very important input
to the water distribution simulator (Table 17.3). It helps in finding out the capacity
of reservoirs and the hydraulic gradient pattern along with the flow velocity.

Table 17.1 Elevation of
junctions considering mean
sea level as datum

Label Level ID Elevation (m) + MSL

J-1 116 21.25

J-2 139 20.6

J-3 123 22.6

J-4 121 22.2

J-5 137 20.1

J-6 117 17.6

J-7 122 18.6

J-8 120 16.9

J-9 118 10.26

J-10 143 12.26

J-11 119 11.2

J-12 141 11.1

Table 17.2 Properties of different pipe lines

Pipe Length
(m)

Diameter (m) Material Hazen–Williams
constant

Minor loss
coefficient

P-51 208 0.2 Natural stream
clean

130 0.5

P-52 260 0.2 Brick in mortar 130 0

P-53 219 0.2 Brick in mortar 100 0

P-57 159 0.2 Brick in sewer 100 0

P-58 101 0.2 Brick in mortar 100 0

P-59 125 0.2 Brick in mortar 100 0



230 S. Ghosh et al.

17.3.6 The Unit Demand Based on Population Census

Unit demand is the measure of the amount of water demanded by the general public
for daily use. This includes drinking potable water, water for washing, bathing,
cooking and other necessities. This is also known as the per capita demand. The
unit demand was different for different regions of Dholavira due to the dynamic
population distribution amongst the lower town, the middle town and the citadel
(Table 17.4). It is expressed as L/day/Capita.

17.3.7 The Flow Patterns

Theflowpattern is an important property since it affects the hydraulic gradient pattern
by creating time-dependent and demand-dependent flows (Table 17.5). For instance,
we show in Fig. 17.5 that during peak hours of the early morning, the water demand
is high because of mundane activities like showering, washing and overall cleaning.

The networkwas then validated for errors. Since no errorswere found, the network
was simulated for the final water flow analysis. The results obtained are given in
Table 17.6.

Table 17.3 Elevation of
reservoirs considering mean
sea level as datum

Label Level ID Elevation (m) + MSL

R-9 113 24

R-10 114 24

R-12 171 22

Table 17.4 Per capita unit
demands for various
subdivisions

Label Demand type Demand per capita (L/day)

Middle town Population 130.00

Lower town Population 145.00

Citadel Population 120.00

Table 17.5 Continous-type
flow pattern for lower town
starting at 05:00 am

S. No. Time from start (h) Multiplier

1 2.000 1.000

2 3.000 2.000

3 4.000 3.000

4 5.000 4.000

5 6.000 2.000

6 7.000 3.000
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Table 17.6 Water flow simulation analysis results in million litres daily (MLD)

Time (h) Relative flow
change

Flow supplied
(MLD)

Flow demanded
(MLD)

Flow stored
(MLD)

0.00 0.00 11 11 0

0.00–24.00 0.0003894 11 9 2

17.3.8 Hydraulic Gradient and Pressure Obtained at Various
Junctions

The hydraulic gradient also known as Darcy’s slope is a vector gradient of the
hydraulic head between two or more points. The hydraulic gradient at each and
every junction, when linked together, forms a gradient line known asHGL. This HGL
determines the direction of flow and the discharge of water in a network [14]. The
hydraulic gradient at every junctionwas thus obtained at an average elevation of 20m
(Table 17.7). The pressure at every junction was also calculated by the simulator, and
it is observed that a negligible amount of negative pressure was generated at junction
J-3. Such minute negative pressures can be ignored. The hydraulic gradient patterns
at different junctions and the head loss for different pipes obtained using extended
period simulation are shown in Figs. 17.6 and 17.7. A time-dependent extended
period simulation analysis generated colour contours of the hydraulic gradient-driven
flows throughout the distribution network. It is well evident from these contours that
the discharge at the middle town was higher than the discharge at the lower town as
shown in Fig. 17.8.

Fig. 17.5 Hourly
continuous flow-type
hydraulic pattern of lower
town incorporated with time
multipliers
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Fig. 17.6 24-h hydraulic gradient pattern for each and every junction as a function of time starting
from 05:00 am

Fig. 17.7 24-h head loss pattern for each and every pipe as a function of time starting from 05:00
am. Source Authors
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Fig. 17.8 Colour contour showing hydraulic gradient pattern around the divisions of the city made
with Bentley WaterGEMS

Table 17.7 Hydraulic gradient and pressure at the junctions

Label Level ID Elevation (m) Demand (MLD) Hydraulic
gradient (m)

Pressure (Psi)

J-1 116 21.25 1 21.91 1

J-2 139 20.6 1 20.78 5

J-3 123 22.6 2 19.65 13

J-4 121 22.2 1 19.93 12

J-5 137 20.1 0 21.46 6

J-6 117 17.6 0 22.21 0

J-7 122 18.6 0 20.92 3

J-8 120 16.9 1 21.84 −1

J-9 118 10.26 0 22.21 3

J-10 143 12.26 0 21.91 2

J-11 119 11.2 1 19.55 12

J-12 141 11.1 3 19.62 10
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17.3.9 Contexting Dholavira with Modern-Day Distribution
Networks

The objective of this paper is to compare the modern-day water distribution system
(with the inclusion of pumps) with the ancient network present in Dholavira during
2600 BC. The modern-day distribution network was superimposed on Dholavira’s
map keeping the geographical properties constant. Centrifugal pumps were added to
the network wherever pressure drops were observed for a meaningful comparison.
Natural flow channels were replaced with cast-iron pipelines. Cast-iron pipes have
surface roughness values in between 0.25 and 1.00 [15], and the Hazen–Williams
coefficient varies between 130 and 145, thus resulting in more frictional losses and
significant amount of head losses as shown in Fig. 17.7 [16].

17.4 A Scenario Energy Pricing and Energy Management
Discourse

For a meaningful rationale, the following approach was adopted. The cost of energy
required for supplying water to the lower town, the middle town and the citadel,
clearly depended on the geographical extent and on the resultant hydraulic gradients.
This information was sourced from Table 17.7. Most importantly, it must be borne
in mind that in Dholavira, there were no pumps operated, water flowed into the town
from the reservoirs due to the natural hydraulic gradients present.

This is in sharp contrast to the present-day situation—The use of pumps to address
the sudden pressure drops in between the flow lines, along low hydraulic gradient
flows proved to be costly. This extra cost in terms of energy lost due to pumping
operations is factored in the energy calculations for the present-day estimates.

Cost of pumping water can be calculated as:

C = 0.746Qhc

3960µpµm
(17.2)

where C is cost per hour (USD), Q is the volume flow (US gpm), h is the head (ft),
c is the cost rate per kWh (USD/kWh), µp is the pump efficiency (0–1), and µm is
the motor efficiency (0–1) [17].

A scenario energy pricing analysis was done using Darwin designer and calibrator
which takes into consideration Eq. (17.2) for processing the back-end calculation
[18]. Energy pricing was kept at a constant rate of $5/kWh of energy generated
and $10/kWh during peak energy demand for a billing period of 720 h [19]. The
energy calculation gave an estimated amount of 410.7239 kWh/MG of energy used
in the overall distribution network which amounted to a price of $15.54 per day
(Table 17.8). The total carbon emission was estimated to be 983.32 lb/day.
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Table 17.8 Energy pricing
model

S. No. Description Value (with
units)

1 Tariff type Constant

2 Energy price 5.00 $/kWh

3 Peak demand charge 10.0 $/kW

4 Billing period 720.00 h

5 Daily cost 15.54 $

6 Usage cost 0.00 $

7 Overall energy used 410.724kWh/MG

8 Overall unit energy cost 0.000 $/MG

9 Total carbon emission 983.32 lb/day

Table 17.9 Expense of
energy in the operation of
modern-day water supplies in
Gujarat, India

S. No. Energy expense Value

1 $ (Million) 5.7

2 Percentage 74

3 $ Thousand/MLD 21.43

17.4.1 Energy Cost of Water Distribution Network in Present
Day

During the present day, natural channels have been replaced by cast-iron pipelines,
excessive numbers of pumps and other hydraulic machines in a water distribution
network. This results in a large carbon footprint [20]. An average value of energy
expenses on water supply in India was obtained from data provided by Excreta
Matters, 2012, for the year 2004–2005 expressed as $ Thousand/MLD as shown
in Table 17.9 [21], where MLD stands for million litres daily. The value obtained
from the table was multiplied by the amount of water used in MLD which gave an
approximate cost of the total energy usage.

17.4.2 Energy Pricing Comparison Between Dholavira
in 2600 BC with Integrated Pumping Mechanisms
and Modern-Day Distribution Networks

The cost incurred in running the water supply can be given as:

Total Cost = (Total MLD Supplied − Total MLD Stored) ∗ Cost Per MLD
(17.3)



236 S. Ghosh et al.

From Table 17.9, considering present-day water supply in Gujarat:

Energy Cost/MLD = $21430/MLD (17.4)

Total Cost = $7.02million (17.5)

From Table 17.10, considering standard operations during 2600 BC augmented
with pumping system:

Energy Cost/MLD = $15.54/MLD (17.6)

Total Cost = $5097.12 (17.7)

From Eqs. (17.5) and (17.7), the annual energy savings, in terms of cost incurred,
is estimated to be 7.02 million USD.

17.5 Conclusions

First, we summarise the main conclusions from a precipitation model.
Dholavira receives an average annual rainfall of 543.3 mm per year which is

50–60% less than of average rainfall In India. Though it receives less amount of
rainfall, water conservation strategy such as rainwater harvesting and storm drain
has been effectively implemented. The construction of check dams and stone drains
to store storm water in reservoirs conserves every drop of water. Despite of harsh
environment and low rainfall the city had a sufficient quantity of water to meet the
needs of the people. Hence, it becomes role model for the present urban system to
effectively conserve rainwater to meet the demands of the society.

Now we draw the main conclusions obtained from the energy pricing model.
Dating back to 2600 BC, when there were no such concepts of water distribution

networks andwater resourcemanagements, residents of Dholavira showed extraordi-
nary skill and dexterity through intuitive applications of fluid mechanics. They used
their knowledge of fluid flow along natural gradients. There were neither pipelines
nor pumping systems involved in the distribution system, whereas the present-day
water distribution network has junctions, pipelines and pumping stations involved
in it. From even a cursory knowledge of fluid dynamics, we know that pipes have a

Table 17.10 Expense of
energy in the operation of
2600-BC-old water
distribution network
integrated with pumping
systems

S. No. Description Value

1 Energy cost per MLD ($) 15.54

2 Total MLD supplied 334

3 Total MLD stored 6
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significant amount of roughness coefficient which results in major and minor losses
including head loss due to friction, loss due to bends and fittings, etc. These losses,
in turn, reduce the amount of flow at the discharge end. This reduces the efficiency
of the distribution system, and energy is lost in between the process as heat due to
friction and non-elastic collision. In this paper, we generated an energy pricingmodel
by superimposing modern-day water distribution system on the natural water distri-
bution system of Dholavira. This involved a full discourse on the regeneration of the
original water distribution system operational in ancient Dholavira and a detailed cal-
culation of first the hydraulic gradient, followed by a pricing analysis. Upon, redoing
the procedure under present-day conditions under identical conditions, interesting
differences were observed particularly with the installation of pumps at strategic
positions.
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Chapter 18
Smart Printed Paperboard for Green
Infrastructure

T. K. S. LakshmiPriya and N. Alagusundari

Abstract The living infrastructure, consisting of both the natural and man-made
infrastructure constituting the green infrastructure, is undergoing serious imbalances,
thereby affecting the ecological balance. Drastic ecological balance is a threat to the
human existence on earth. Presently, awareness of this threat and the need to save
the earth are being felt at large. Initiatives around the globe are underway to protect
the earth from all disciplines and communities across nations. Green buildings and
green roof with temperature control measures play a key role in green infrastructure.
However, the use of thermocol is a widely prevalent, irreplaceable lining for air-
conditioned halls. Thermocol is manufactured from polystyrene, a petroleum-based
plastic, and its incineration emits toxic gases causing damage to the environment.
Our work presented in this paper deals with an alternative eco-friendly solution to
this issue. Our work deals with a paperboard-based material as an alternative to
thermocol, and the use of printed electronic components embedded within these
boards acts as temperature control mechanisms in a green building. As a proof of
concept, a prototype printed circuit has been prepared and embedded in a one-inch
multi-ply recycled paperboard.

Keywords Paperboard walls · Smart infrastructure · Printed electronics

18.1 Introduction

Green infrastructure refers to the range of practices that restores some of the natural
processes required for a sustainable, healthy environment, and also contributing to a
better social and economic society. Green infrastructure, also known as ‘low-carbon
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infrastructure,’ is a major solution to restore the imbalance in nature caused by
modernization and man-made infrastructure.

Green infrastructure can be understood as a process of protecting and enhancing
nature and natural process. The green infrastructure is a strategically planned network
of nature and semi-natural areas. These practices include rain gardens, vegetable
swales, green roof, and porous pavements. Green infrastructure and green roof will
absorb less amount of heat and will have cooling effects which can be controlled by
sensors.

Green infrastructure is also considered as the basic building blocks of smart cities
which facilitate good urban planning methods with the help of either digital technol-
ogy and/or reengineered old concepts. Green infrastructures have anthropocentric
functionalities. One of the functions is to maintain the temperature of buildings at
moderate levels using approaches environment friendly or in a low-carbon mode.
Such a facility is supposed to contribute to three benefits: (i) a better human health,
(ii) reduction in costs for maintaining the temperature, and (iii) provide a sustainable
environment.

In this paper, one such approach is presented.Green infrastructure ismade a reality
in this work, by employing a recycled paperboard as the interior walls and ceiling of a
temperature-controlled enclosure. This infrastructure has inherent thermal insulation
properties, and hence, the duty cycle of temperature control mechanisms such as air-
conditioners will lead to lower carbon footprint. Secondly, an Internet of things (IoT)
approach is adopted to monitor and control the temperature. This IoT system is built
using the printed electronics technology, thereby becoming an integral part of the
paperboard infrastructure.

The rest of the paper is organized as follows. Section 18.2 reviews the literature for
the concepts adopted in this work. In Sect. 18.3, the novel idea of integrating printed
electronics technology with recycled paperboards to prepare green infrastructure is
described. The work in progress is elaborated in Sect. 18.4, and the paper concludes
in Sect. 18.5.

18.2 Literature Survey

This section gives a short insight into the applications of paperboards and printed
electronics, specifically in the building construction sector.

18.2.1 Recycled Paperboards as Interiors for Buildings

For over a decade, paperboard tubes have been in use in structural and construction
engineering [1]. Some of the earlier works by one of the authors deal with the
preparation of handmade paperboards with water hyacinth fibers as ingredients. It
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has been found that such boards have thermal insulation property apart from being
eco-friendly. These boards are potential candidates for green infrastructure.

Multiple plys of water hyacinth-based recycled paperboards were formed into
a one-inch thick slab to test the feasibility of its usage as construction material.
Alternately, due to thermal insulation property, these boards can be used as liners for
inner walls and ceiling of enclosures that are air-conditioned.

From the eco-friendly perspective, the authors note that the use ofwater hyacinth in
paperboards is a reduction-by-elimination approach to do away with water hyacinth
which is a menace to corporations and municipality who are responsible for the
maintenance of water bodies [2–4].

18.2.2 Printed Green Infrastructure

The last decade has witnessed the success of innovative application areas for printed
electronics, and green infrastructure is one of them. Some of the research works,
relevant to the contribution of this paper, are presented here.

Fernandes et al. have developed an algorithm to control the luminance level of
split-pane electrochromic windows [5] that operate like Venetian blinds, so as to
achieve better lighting energy saving. Such windows not only provide the inmates
of the rooms with an unobstructed view of the outside but also saves 30–40% of
lighting energy, thereby contributing to a greener infrastructure.

Building integrated photovoltaics (BIPV) refers to photovoltaic materials (solar
cells) that are mounted on building materials used in roofing or wall systems. These
servers dual purpose: building coverage and a source for electric power generation.
This energy harvesting approach requires not additional cooling system as it becomes
an integral part of the concrete in thewalls. In hiswork, Jelle reviews the development
and application of BIVP [6].

Hancke andSilva discuss the role of sensors that help inmonitoring and controlling
operations in smart cities [7]. The authors emphasize the significance of sensors in
this domain with numerous applications and also discuss the challenges.

The increasing use of electronics into building infrastructure has attracted the
printed electronics researchers to explore the use of printed components for building
infrastructure. The National Research Council of Canada has identified printed elec-
tronics as a key enabling platform technology for smart infrastructure and cites of the
future. Building integrated organic photovoltaic cells (BIOPVs) have been integrated
in concrete façade elements, which form the building blocks for constructing green
buildings [8].

Thus, it is evident that the growing need for green infrastructure and smart cities
calls for the use of sensor-based infrastructure, which is now moving toward thin
films and printed sensors. In this paper, we present a case where recycled paper
boards can house printed electronic components for control operations in a smart
building for energy-saving purposes.
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18.3 Proposed Smart Printed Paperboard

Over the years, the use of air-conditioners for maintaining lower indoor temperatures
has increased significantly. The hydro-fluoro-carbon (HFC) in air-conditioners is a
greenhouse gas (GHG) and contributes to global warming. The carbon footprint of
air-conditioners ranges from300 kgCO2 per year to overmany thousands, depending
on the capacity and application [9].

Recently, conscious efforts are being taken to minimize the use of GHGs. The
proposed work in this paper is one such effort. This work has two contributions—(i)
the use of multi-ply paperboard-based lining material as a replacement for thermocol
for thermal insulation in buildings and (ii) the use of printed electronic circuits
embedded in these linings, to regulate the air-conditioners. This is illustrated in
Fig. 18.1.

Thermocol is manufactured from polystyrene, a petroleum-based plastic, and its
incineration emits toxic gases. Paperboards, on the other hand, are eco-friendly. The
carbon footprint of paperboard production (for 1000 kg of books) is about 1093 kg
CO2 [10]. Some of the earlier works of the author indicate that paperboards have
thermal insulation property and hence are potential substitutes for thermocol for
lining air-conditioned enclosures [2]. Hence, the use of multi-ply paperboard-based
slabs can become an eco-friendly element for green infrastructure.

Secondly, the use of thin film technology and printed electronics, in making these
paperboard-based slabs into walls smart, will further enhance the functionalities and
capabilities of green infrastructure.

The primary advantage of the proposed system is that the carbon footprint is
significant only during themanufacturing process and neither during usage nor during
disposal.

Fig. 18.1 Environment of operation
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18.3.1 Methodology

The stages involved in the setting-up of a smart printed paperboard-based green
infrastructure are shown in Fig. 18.2.

The production cycle begins with obtaining the specifications of the enclosure
that needs temperature control, i.e., the room to be fitted with air-conditioner. The
size of the enclosure, preferred temperature, tolerances on temperature variation,
air-conditioner type, and carbon footprint, etc., are some of the essential parameters.

Using the data collected above, the specification of the temperature regulator
mechanism is determined, i.e., the thickness of the paperboard lining, number of
layers in the lining, ingredients of the paperboard.

The subsequent stages are concerned with the manufacture of the proposed lining
for walls and ceilings, namely (i) preparation of the paperboard layer, (ii) preparation
of a smart layer, and (iii) preparation of a multi-layer (or multi-ply) lining. The final
stage is the testing product for correct operation and quality.

18.3.2 Manufacture of Paperboard Layer

Paperboard is prepared from waste paper and other ingredients such as cotton waste,
water hyacinth fibers, sisal fibers, or kitchen waste. The manufacturing process flow
is depicted in Fig. 18.3.

Paper waste is shredded or split and soaked for about 5 h or more depending on
the coating and GSM of paper. If agriculture waste or kitchen waste are used, they
also soaked along with paper. The mixture is then put in a beater for pulping during
which additives are added to enhance mechanical and printable properties of the
paper. This pulp is then sieved and hard pressed for the formation of paper base. The
paper base is dried on a flat surface and then calendared for a glossy surface. The

Obtain the specification
of the enclosure 

that requires 
temperature control

Determine the specifications
of paperboard lining 

required for the given 
enclosure 

Manufacture 
the paperboard 

layer 

Manufacture 
the smart printed

layer

Prepare the multi-layered 
smart printed paperboard 

lining 

Test the quality of 
the product

Fig. 18.2 Production cycle of smart printed paperboard
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Fig. 18.3 Paperboard manufacturing process

paperboard thickness can be varied as per the requirement, by controlling the pulp
quality while sieving the pulp to form the paper base.

18.3.3 Manufacturing the Smart Printed Layer

The process of manufacturing the smart printed layer is illustrated in Fig. 18.4.

• The process begins with gathering the requirements for the manufacture of the
smart printed layer. The dimensions of the enclosure, its temperature require-
ments, normal operating temperature range, unacceptable temperature range, and
temperature control requirements are some of the parameters that contribute to the
design of the smart control circuit.

• The specifications collected in the previous stage are used to design the temperature
control circuit. Care is taken to keep the power consumption at the minimum. The
ratings of the circuit elements are finalized, and the circuit is drawn to suit the needs

Fig. 18.4 Process of preparing the smart printed layer
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of screen printing process. The thickness of the conducting lines and crossing overs
is the key factors. The simulated circuit is tested.

• The vector image of the circuit design is generated and used for preparing the film,
which is the image carrier for screen printing.

• Meanwhile, the table for the screen printing process is prepared with the required
substrate and ink.

• The circuit is screen printed on the CT5 film substrate using conductive ink. Care
is taken to maintain high resolution and consistency in the print, to ensure uniform
conductivity. The print is allowed to dry andheated if required. The circuit elements
are connected to the conductive lines, and the external power supply is connected.

• The screen printed circuit is tested for accurate functioning.

18.4 Work in Progress

As a proof of concept, a prototype printed circuit has been prepared and embedded in
a one-inch multi-ply recycled paperboard. The details of these are presented below.

18.4.1 Multi-ply Paperboard

Paperboards were prepared using the waste papers and used record sheets of the
students in our campus. The recycling was done in the recycling unit attached to the
Department of Printing Technology. Many layers of paperboards are made and its
been glued into a single board-ply. These are illustrated in Fig. 18.5.

Fig. 18.5 a Slitting and soaking. b Paper base formation. c Paperboards
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18.4.2 Smart Printed Layer

The circuit for the smart printed layer consists of a thermal sensor for data acquisition
and LEDs for status display. The design was carried out on Proteus 8.0 which is an
electrical suite for circuit design and simulation. The smart layer is a SMT-type
flexible circuit, and hence, provisions were provided in the PCB layout for placing
the components. The evaluations and testing of the circuitweremadeon the simulator.

The tested circuit was redrawn on a CorelDRAW, vector graphic software, to fit
into 1¾′′ × 3′′ layout. The circuit was printed on a chromo film and exposed in a UV
unit, and the screen stencil was ready.

The circuit was screen printed on the CT-5 film using conductive ink and allowed
to dry at 60 °C for 2 h. The circuit thus printed was tested for conductivity, wherein
the conductivity between various segments of the circuit was tested using a multi-
meter. It is essential to have uniform conductivity throughout the circuit for the proper
functioning of the circuit.

The next stagewas the placement of components—namely, the temperature sensor
(LM35), LED (SMD), resistors (1–10 K�), transistor (BC847)—following which
an external power supply (5 V) is crimped to the printed circuit.

The completed circuit was tested for proper functioning and performance. These
steps are depicted in Fig. 18.6a–f.

Fig. 18.6 aDesignonProteus.bPreliminary testing. cPrinted circuit.dConductivity test. eNormal
temperature: green LED glows. f Temperature rises above threshold: red LED glows
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Table 18.1 Measured
average width of the
conductive line

Point of measurement Width (mm)

Outer vertical line (left) 0.43

Outer horizontal line (top) 0.40

Inner vertical line (near sensor) 0.41

Inner horizontal line (near red LED) 0.43

Inner horizontal line (near LM258) 0.41

Average width 0.416

Table 18.2 Measured
characteristics of the
prototype

Description Value

Size of printed circuit 40 mm × 70 mm

Average width of the conductive line 0.416 mm

Standard deviation in width 0.012 mm

Voltage drop 10 mV

18.5 Result and Discussion

The circuit designed and printed was first checked for correctness which is done
by checking the compliance of the dimensions with the expected specifications, the
width of the printed lines, the placement of the components and by carrying out the
conductivity. The readings are tabulated in Table 18.1.

The averagewidth of the circuit is 0.416mmwith a standard deviation of 0.012mm
which is acceptable for a prototype done on a low-cost basis.

The characteristics of the circuit are given inTable 18.2. These values are sufficient
for a working prototype to serve as a proof of concept. However, the circuit has to
be tested for stretchability of the substrate, performance of the circuit with varying
deviation width, failure conditions, etc.

18.6 Conclusion

Paperboards have significantly lowcarbon footprint as compared to thermocol.Hence
in this work, paperboards have been prepared to serve the purpose of linings for air-
conditioned rooms. Secondly, for moving toward green infrastructure, these linings
have been embedded with a smart layer, namely the smart printed layer which com-
prises printed circuit for monitoring the temperature of the enclosure. Thus, this
paper presents a new avenue for incorporating components in a green infrastructure.
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Chapter 19
WSN-Based System for Forest Fire
Detection and Mitigation

Kotish Grover , Ditsha Kahali , Shreya Verma
and Balaji Subramanian

Abstract The risks, consequences and severity of wildland fires are well-known.
Hence, the demand for timely, high-quality fire information in the least amount of
time possible and the subsequent intimation to concerned authorities would help
in scaling down the loss of life and property. This paper discusses a WSN system
which collects data using multiple sensors to monitor temperature, humidity, smoke
and oxygen levels in several spots in a forest environment. The forest would be
divided into square-shaped clusters for monitoring, each containing a sensor system.
The localisation of the node would be done using satellite communication to reduce
coverage holes and ensure maximum range with the least latency. This node would
communicate data to a monitoring station with its location and send alerts according
to the sensed thresholds breached based on the novel logic algorithm. This paper
describes the overall structure of the sensing system, detection and prediction algo-
rithms, topology of theWSN, localisation techniques and an insight into a suggested
drone-based mitigation system to localise the fire.
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19.1 Introduction

Wildfires are natural or man-made occurrences, where combustible floral areas are
harmed due to fire. According to the area affected, they might be categorised into
brush fire, bush fire, desert fire, forest fire, grass fire, hill fire, peat fire, vegetation fire
and veld fire. At present, ground patrolling, watching tower, aerial prevention, long-
distance video detection and satellite monitoring are used to prevent as a traditional
forest fire.

India is not unknown to the losses of life and property caused due to forest fires.
In 2016, Indian state of Uttarakhand suffered heavy causalities due to an estimated
3,500 ha (8,600 acres) of forest area burnt. The fire also had environmental con-
sequences with the average temperature of northern India facing an increment of
0.2 °C. In the past 16 years, India has an increase of 46% in forest fires which in
total is a 125% increment from 15,937 in 2003 to 35,888 in 2017. In 2017, Madhya
Pradesh saw the majority of the forest fires followed by Odisha and Chhattisgarh
[1]. Another incident in the Indian state of Tamil Nadu occurred where 20 young
trekkers lost their lives due to a forest fire in Theni forest cover. The consequence of
this was that some of the Indian states had to ban trekking in the forest areas for an
indefinite period.

Hence, the need of the hour is to find systems which can detect forest fires with
precision in an energy efficient and self-sustaining manner. One of the most effective
ways to approach this problem is using wireless sensor networks (WSN). It generally
comprised of spatially disseminated sensors to monitor physical and natural condi-
tions, for example, temperature, smoke, flame, humidity and location data to control
room.

Manymodels such asUSRothermelmodel, Australia’sMcArthurmodel, national
forest fire spread model of Canada and China’s Zheng Wang model have been pro-
posed since R. Forts put forward the mathematical model of the spread of forest fire.
However, the implementation of a mathematical model had limitations, especially
those based on an assumption, once out of the event, there will be an error.

Forest fires anywhere in the world are primarily detected by NASA’s Moder-
ate Resolution Imaging Spectroradiometer (MODIS) and Visible Infrared Imaging
Radiometer Suite (VIIRS) satellites. These are highly specialised satellites which
detect fire and relay information to various responsible departments all over the
world.

A few years ago, the time lapse between spotting the fire and the news reaching
the responsible departments was five to six hours, but this has been reduced to about
two hours recently.

In this paper, we address this pressing issue and propose an effectiveWSNmethod
to resolve it which gives us accuracy and speed to react to stop the fire from spreading
and harming human life and property. We propose a self-sustaining sensing mech-
anism with a novel algorithm and give accurate positioning of the fire within a few
seconds of the fire starting using Global Positioning System-based localisation.
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Table 19.1 List of components and their application in the system

Components Specification Remarks

Microcontroller Node MCU Microcontroller with
ESP8266 microprocessor

Smoke sensor MQ-2 Used for smoke and
combustible das detection

Temperature and humidity
sensor

DHT11 Used for measuring
temperature (°C) and
humidity (RH)

Flame sensor RKI3100 This sensor is a short-range
sensor which senses light
between 760 and 1100 nm
wavelength

Oxygen sensor Grove gas sensor (O2) (Optional)

GPS module GY-NEO6MV3 For localisation

Arduino Nano For GPS module Aids localisation and
communication

SAT-202 Communication module For satellite communication

Voltage regulator LM 7805 Voltage regulation

Power supply 2.5 W 9 V Polycrystalline
solar panel solar cell

For power supply of
self-sustained system

19.2 Structure of the System

The structure of the system consists of two parts: a sensing system and a commu-
nication system. The sensing system, placed in the forest, acts as the nodes of the
WSN and consists of the following components (Table 19.1).

The circuit diagram for each node, consisting of the above components, is given
in Fig. 19.1.

The communication system is covered in Sect. 19.5.

19.3 Algorithm

As the system retrieves the data from the sensors, in every cycle it computes the
conditions for temperature, humidity and flame as given by the flow chart in Fig. 19.2.

1. Indicators corresponding to each sensing parameter (e.g. temperature, smoke,
etc.) get activated if its threshold is crossed.

• Temperature indicator is switched on if temperature >50 °C.
• Humidity indicator is switched on of humidity <40%. This prescribed value
changes from place to place depending upon its geographical location, winds
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Fig. 19.1 Circuit diagram of every node

blowing and the season. This data will be different for different settings and
has to be adjusted accordingly when installing the system up. For the sake of
example, we have used the example of a somewhat dry area, with only seasonal
rainfall, and set the threshold to be 40% relative humidity (RH).

• Smoke indicator is switched on if smoke detected.
• Flame indicator is switched on if flame is detected.

2. If the flame detector goes high, the fire alert is sent irrespective of any other
sensor reading as the presence of flame at the height of tree branches is extremely
dangerous and a clear indication of a wildfire.

3. If smoke is detected, as is the case in most scenarios as forest fires mostly light on
the grass levels and the smoke is the first element which rises up, the temperature
is tested.

a. If the temperature is high (>50 °C), there is a clear indication of a wildfire,
and alert is sent.

b. If the temperature is low, chances are that there is a campfire whose smoke is
reaching the sensors. However, if the temperature steadily rises to more than
50 °C, the fire alert is sent.

c. If humidity is between 40 and 50% RH, a slow spreading fire detection
message is sent, and if the humidity is less than 40%, a fast-spreading fire
alert is sent, as fire spreads easily when the air is dry.

4. If smoke is not detected, but the temperature is high, and humidity is low, the
chances of occurrence of fire are high and the corresponding alert is sent to the
department.

5. If smoke is not detected, but the temperature is high, and humidity is high, the
chances of occurrence of fire is low, and hence, the system is stable.
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Fig. 19.2 Algorithm flow chart

6. If a temperature surge is noticed for a very brief period when humidity is high.
Chances are that there was a lightning strike. Fire alert sent immediately. If it is
followed by smoke, fire alert sent again.

19.4 Localisation

Once a fire has been detected, it is paramount to know its location for mitigation.
In a sensor network, localisation can be best described as ‘recognising the node’s
location’. For any wireless sensor network, an important factor is the accuracy of
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its localisation mechanism. The absolute position of sensor and between sensor
estimation, for example, distance and bearing measurement, is used by network
localisation algorithms to evaluate the location of sensor at first obscure data.

Localisation mechanisms can be categorised as anchor based or anchor free, GPS
based or GPS free, stationary or mobile sensor nodes and range based or range free
[2]. Localisation algorithm for wireless sensor networks depends on different mea-
surement technique. Network architecture, number of nodes, signalling bandwidth
and shape of the area are one of the few factors to be weighted while we design a
localisation algorithm [2].

Range-based localisation uses techniques based on distance estimation and angle
estimation. Received signal strength indication (RSSI), angle of arrival (AOA), time
difference of arrival (TDOA) and time of arrival (TOA) are the techniques used for
range-based localisation [3]. Range-free localisation uses regular radio modules and
is only dependent on the receivedmessages content. The techniques under range-free
localisation are DV hop, multi-hop, centroid, gradient [4]. GPS-based localisation is
categorised under absolute localisation. Sensors with known location are known as
anchors, and the Global Positioning System is used to locate their position [4, 5].

From the comparison in Table 19.2, we can infer that GPS-based localisation is
the most accurate technique. Accuracy is of absolute importance to our fire detection
system. The Global Positioning System is a network of 24 satellites circling the earth
at elevation of 20,000 km. At any point of time, four GPS satellites are visible. The
information is transmitted about their position and current time at normal interim
of time. GPS receiver intercepts these signals and figures the separation of each
satellite in view of the time taken by the message to arrive. The distance from four or
more satellite is calculated by the receiver to confirm the location of the node. GPS
does not require transmission of data by the user, rather it operates independently
of any telephonic or internet reception. Global coordinate system is used by the
anchors to determine the position of the network. High-quality GPS receivers based
on Standard Positioning System (SPS) can attain accuracies of 3 m; hence, we use
Global Positioning System-based localisation mechanism to detect the position of
nodes [4, 6]. Although, the technique used to compute locations and themeasurement
conditions in its surroundings affect the localisation accuracy of any GPS system [7].

Table 19.2 Comparison of
various localisation
mechanisms [2]

Technique Cost Accuracy Energy efficiency

GPS High High Less

TDOA Low High High

RSSI Low Medium High

TOA High Medium Less

GPS free Low Medium Medium

AOA High Low Medium

DV hop Low Medium High
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19.5 Communication

For communication, we use a satellite communicationmodel based on theHoneywell
communication system. The steps of communication are illustrated in Fig. 19.3.

Honeywell provides a global IsatM2 M data service using its system of five
Inmarsat geostationary satellites. Honeywell Global Tracking uses the attached SAT-
202 which is a monitoring and tracking satellite terminal.

Discrete channels are used to transmit information to and fro from terminals,
and which channels to use for receiving or transmitting is set when the terminal
powers up for the first time. Each terminal has a unique Inmarsat Serial Number
(ISN) to identify it for message delivery purposes. A unique address code (AdC)
is provided by the service provider and is mapped to the ISN at the application. A
unique identifier known as the service identifier is pre-programmed in the SAT-202
as it plays a vital role in sending of receiving data. Each satellite sends a ‘bulletin
board’ on a pre-established frequency.

Output Form:

Using Inmarsat-M2M network we send a double burst message containing two long
bursts. The first burst contains the sensor values, which is sent one by one in the
following manner:

• SR 1 00XX Smoke Level
• SR 2 00XX Temperature
• SR 3 10XX Humidity
• SR 4 00XX Flame
• MB D9//Transmit Data Message.

Where the ‘XX’ would be the 2-byte hexadecimal values from sensor 1 to 4.
The two long bursts are a custom sensor report and a standard GPS report [5].
The Message Handling System by Honeywell stores the messages sent through

the satellites, by the SAT-202 terminals. Application service providers (ASP) must
connect with the handling system to procure the values for monitoring [5].

Data retreival Algorithm 
outputs SAT-202 INMARSAT 

Satellite

ISAT M2M 
Messaging 

service
ISN Verifica onDatabaseRetreival of 

data

Fig. 19.3 Flow chart of the communication mechanism
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Fig. 19.4 Flight plan for localisation mechanism

19.6 Mitigation

Once the information about the initiation of fire is provided to the base station, the
next step is to mitigate the fire and localise it as soon as possible. As it is difficult for
the fire department to provide support, we use a multi-rotor drone for the mitigation
purpose which can fly autonomously to the cluster which is under distress (Figs. 19.4
and 19.5).

As the coordinate of the given fire will be known, we use those coordinates as a
feed for our drone to plot a flight path.

The drone, after reaching the cluster location, would spray a class A extinguisher
around the fire to localise it, and once localisation is done, we can proceed towards
extinguishing the fire.

19.7 Results and Discussions

The systemdiscussed in this paper is an improvement on the existingNASA’sMODIS
system which is the current technology in use. The limitation of this system is that as
the resolution of these satellites is nearly 375 m × 375 m, fire can only be detected
when it reaches the resolution of half a pixel, i.e. which is roughly 7 ha. Added to this
is the latency of transmission. This would imply that there is a huge latency in the
detection of fire. This latency is needed to be removed, and a more efficient system
is paramount. If the forest fire can be detected in seconds within its start, valuable
time can be saved, and proper measures can be taken.
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Fig. 19.5 Flight plan for extinguishing the fire mechanism

The improvement introduced in this system is that instead of detecting fire from a
distant satellite, we instead detect fire from within the forest and depend on satellites
only for communication. The sensors mentioned above were further calibrated in
experimental conditions and tested for accuracy.

In the experiment, we tested the temperature, humidity, smoke and flame sensors.
A fire was ignited on a wooden block at 20 s mark, and time taken by sensors to
detect the fire was checked. The fire was extinguished at 50 s mark.

As shown in Fig. 19.6, the smoke sensor detected the fire in the very first 2 s of
ignition, while the flame sensor took some time to detect the fire. When the fire was
extinguished, the flame sensor immediately reacted while the smoke sensor retained
its value for the next 9 s.

Figure 19.7 describes the reaction of the temperature sensor post-ignition. The
temperature increased gradually at first and at 26 s mark it crossed the danger point.
When the fire was extinguished at 50 s mark, it was seen that the temperature around
the system gradually decreased and came below the danger point 16 s after the fire
was extinguished.

Figure 19.8 describes the reaction of the humidity sensor post-ignition. The
humidity around the system decreased sharply at the 23 s mark and crossed the
danger point at 26 s mark. When the fire was extinguished at 50 s mark, it was seen
that the relative humidity was recovered at the 90 s mark.

The timeline of the above experiment is given in Table 19.3.
It is inferred from the table that all the four sensors are active from 26 s mark to

55 s mark, and the designed system can transmit the status of mentioned sensors to
the control room.
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Table 19.3 Timeline of system outputs received by the authorities

Time (s) Status of sensors

1–19 Normal

19–26 Smoke indicator on

26–55 Temperature indicator on; humidity indicator on; smoke indicator on. FIRE
DETECTED. Location sent. Fire alarm: ON; and provoke mitigation system.

55–91 Temperature indicator on; humidity indicator on

97–121 Humidity indicator on

127–145 Normal

The above results clearly demonstrate that the proposed system detected the fire
in a faster manner than the existing system.

19.8 Conclusion

In this paper, an idea for forest fire detection has been proposed which is much
quicker and efficient at early detection and warning of wildfires than the currently
used methods. The implementation and working details were also included. The
task was divided into five sections, namely the WSN sensor node architecture, the
detection algorithm, localisation of each node, communication of sensor and position
data and dronemitigation system. In thismethod, the fire is detectedwithin seconds of
lighting, as discussed and shown in Sect. 19.6, and the information is communicated
to the authorities for timely fire extinguishing using the mitigation system proposed
before it spreads and goes out of control. This system has innumerable social impacts
as forest fires result in a number of deaths year-round and loss of property and also
ecological impacts as forest fires result in mass green cover destruction and release
of harmful greenhouse gasses and smoke particles which heavily contribute to air
pollution and global warming.
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Chapter 20
Analysis of Grid Parameter Variation
with Renewable Energy Sources
on Variable Frequency Drive DC
Capacitor Reliability

P. Ramesh, R. Govarthanan, K. Palanisamy and S. Paramasivam

Abstract This paper investigates the influence of the grid-connected renewable
energy sources and their effect on the utilities having diode front-end rectifiers. The
grid interface in the renewable energy converters generally has PWM Inverters with
LCL filters. These LCL filters are tuned for different resonance frequencies based
on their switching frequency and system parameters. With multiples of renewable
energy source converters connected in parallel, the grid parameters and harmonic
interaction change differently based on the individual LCLfilter design and operating
conditions. This condition becomes worse if inverters connected in the same PCC are
significantly increased. The utility rectifiers are designed for a specific range of grid
specification according to various international standards. Effect of grid parameter
variation such as voltage and current harmonic injection due to these inverters in a
specific grid configuration and application from earlier studies is referenced. Grid
model is generated from earlier studies and simulation was carried out for a specific
diode front-end model of VFD. Reliability variation in front-end rectifier utilities
such as variable frequency drives with a special emphasis on DC filter capacitor and
DC link inductor is also discussed.
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20.1 Introduction

Renewable energy sources in utilities have grown significantly across the globe due to
various government subsidies [1]. Photovoltaics (PV) arewidely used on rooftops and
also on commercial buildings. These distributed power inverters (DP) are connected
together in the same distributed power network. Obviously, single-phase and three-
phase PV inverters are widely used in such low-voltage grid. Due to different inverter
topologies and control techniques inherent in these DP inverters, there is harmonic
interaction [2] between these inverters with the distributed network in addition to
power quality problems. Harmonic interaction results in the generation of current
harmonics, background voltage distortion, and resonance effect between inverters
and the network. These PV distributed power inverters have LCL filters in their front-
end design. LCL design and its values vary between inverters resulting in resonance
effect with the connected network. The grid is polluted considerably with current and
voltage harmonics due to the above effects. Front end devices of Variable frequency
drives (VFD) reliability is greatly affectedwhen connected in such grid configuration.
There are no much researches addressing VFD lifetime reduction due to pollution
offered by such PV connected grid. Simulated model was developed using a typical
PV grid application [1] and its effect on reliability and lifetime reduction of DC filter
capacitor in VFD is calculated through simulation results.

20.2 Power Quality Concerns

New developments in power quality standards indicate that harmonic interaction
and resonance effects of distributed power inverters grid are in increasing trend.
Although PV Inverters meet international standards such as IEC 61000-3-2 under
the specified conditions, the limits are getting deviated when they are connected at
the point of common coupling (PCC) of such grid conditions. Analysis and practical
measurements of power quality problems in such PV grid paves way for the study on
connected inverters and distributed network layout. Single-phase PV Inverters are
common for household in smaller power ranges up to 5 KW. To meet IEC 61000-3-2
standards, these inverters use PWMcontrollers to generate sinusoidal output currents.
Generally switching frequency is in the order of 20–500 kHz, with MOSFETs and
IGBTs as switching elements.

Inverter topologies used commonly in such PV inverters [1] are as below:

(i) Single-stage PWMDC-AC converter topology (H-bridge or push–pull) directly
coupled to the grid via LF isolation transformer and filter.

(ii) Multistage pulse width modulation (PWM) dc-ac converter front-end topology
includesHF isolation transformer, rectifier, and line-frequency unfolding bridge
coupled to the network.

DP inverters commonly have controllers with multiple control loops performing
tasks such as MPPT, DC-AC power conversion, reactive power compensation, and
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harmonic cancellation. AC output current of such inverters is mainly through inner
control references and feedback synchronized with supply voltage. Background dis-
tortion of supply voltage pollutes output current waveshape. To achieve sinusoidal
output current at output of inverter, its impedance as a function of frequency should
be higher to avoid harmonic current injection into the network. Internal controller
with active or passive filtering techniques fulfils the same. As inverter operates at
high-switching frequency, filtering and damping are adequately taken care during
inverter design. PQ issues can be addressed with current reference source being
generated internally, output impedance made higher with respect to line-frequency
harmonics and low output capacitance as an output filter.

Resonance is a common phenomenon wherein large number of DP inverters con-
nected to low-voltage network. Based on the configuration of network and location of
harmonic generating sources, series and parallel resonance occurrences are obvious.
Parallel resonance situation arises due to harmonic distortion current generated by
PV inverter corresponds with parallel resonance frequency on the network voltage at
PCC resulting in high-voltage distortion. Series resonance situation arises due to har-
monics present in network background distortion corresponds with series resonance
frequency resulting in high resonance current flowing in the network. Increased volt-
age and current distortions are the adverse effects of DP inverters connected in same
distribution network. Series and parallel resonances can be calculated at frequency
f r by Eq. (20.1) as below

fr = 1

2π
√
LC

(20.1)

where L and C are equivalent reactance and capacitance of equivalent series or
parallel network.

20.3 Modelling and Simulation of DP Photovoltaic
Network Grid

Harmonic interaction between DP inverters and distributed network is analysed in
detail by considering a real-time residential network which comprises of PV arrays
roof-mounted operating under different topologies and control concepts. Network
modelling and technical study are referenced from earlier studies [1] in Fig. 20.1.
Various inverter type models have been validated using the experimental set-up.
MATLAB model has been developed for various inverters connected to individual
points. From the simulation results in Fig. 20.2a, b captured with the back ground
distortion of 3% VTHD (reduced by 2% in order to keep the voltage within the regula-
tion limits), the VTHD was increased up to 6.71%. This increased voltage distortions
and double zero crossings reduce the quality of the voltage waveform. The dis-
tortion is mainly due to the series resonance initiated by the background supply
harmonics and network components. The large magnitude of voltage harmonics was
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Fig. 20.1 Model of low-voltage distributed power inverters network with photovoltaic renewables
(Source [1])

Fig. 20.2 a Voltage waveform at PCC on simulated grid and b harmonic distortion at PCC on the
simulated grid

seen around twenty-first and twenty-third orders. The most increased harmonics are
around twenty-first harmonics due to the parallel resonance circuit which is clearly
dominated.
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20.4 Review of Utility Interface on VFD Reliability

Six pulse diode bridge of a Variable Frequency Drive is connected to the PV grid
as shown in Fig. 20.1. A VFD Model of 315 kW, 400 V, 580 A, and 50 Hz is
considered for the simulation studies. The Effective DC filter capacitor and inductor
are 14,000 uF and 62 uH respectively.DC capacitor filters both harmonic components
of DC link current and the high-frequency ripple current due to inverter switching
in VFD. DC link inductor supports the ripple current reduction in the capacitor.
AC line impedance connected additionally at input of VFD depends on short-circuit
capability of the utility grid. For simulation studies, grid is considered with a short-
circuit ratio (Rsce) at 120 without distortion. But the short-circuit current varies due
to the DP inverter interaction in the PV grid. Reliability and lifetime of the front-end
rectifier diode, DC filter capacitor, and DC link inductor in VFD are significantly
affected due to the dynamic grid impedance variation. The core losses of DC Link
Inductor significantly increase due to high-frequency harmonic voltages present in
voltage waveform as shown in Fig. 20.10. Various parameters, relationship factors
and equations involved in DC capacitor lifetime are discussed below.

20.4.1 Capacitor Lifetime

Capacitor Heating Effect due to ESR

Lifetime of the DC filter electrolytic capacitors in VFD mainly depends on mains
voltage, ripple current of the capacitor, ripple current frequency, temperature and air
flow. The insulation stress is increased if the ripple voltage is increased. If the oper-
ating temperature is close to capacitor rated temperature value, extra leakage current
that results from operation under highest voltage rating can cause electrochemical
degradation which reduces the capacitor lifetime. Reducing the applied DC voltage
will extend the capacitor lifetime, even at elevated operating temperatures. If the
surrounding temperature, ripple current, air velocity, and the operating frequency
change, the capacitor lifetime will also change. The lifetime is the function of these
factors [3, 4].

The capacitor ripple current will contain different harmonic frequency compo-
nents. The magnitude and the frequency of each harmonic content in the grid side
will vary the capacitor current drastically. ESR is equivalent series resistance of the
capacitor and is the loss-producing element in the capacitor. The power loss in the
capacitor is the multiplication of the square of different frequency ripple currents
and the ESR. ESR is the function of the operating frequency and decreases with the
increase of frequency. If the ESR changes with the frequency, the losses will also
change. To quantify these factors and to calculate the losses Pd , the following formu-
lae in Eq. (20.2) is used. In is rms current at frequency f n through capacitor weighted
with respect to ripple current multiplier Mfn



266 P. Ramesh et al.

Table 20.1 Ripple current
multiplication factor as a
function of frequency

Frequency (Hz) Multiplication factor (Mf )

50 0.4

120 0.5

400 1.09

700 1.113

1000 1.123

3000 1.146

4000 1.15

5000 1.153

7000 1.16

10,000 1.17

Pd = ESR120

∞∑

n=1

I 2n
M2

fn

(20.2)

Capacitor manufacturers used to specify the ESR at 120 Hz. The power loss will
be calculated for different frequencies with the multiplication factors (Mf ) as shown
in Eq. (20.3).Mf is themultiplying factor [5] where it gives the ratio of ripple currents
I f and I120.

M f = I f
I120

=
√
ESR120

ESR f
(20.3)

These multiplication factors will account the ESR variation effect into the power
loss calculation. These multiplication factors will also be provided by capacitor
manufacturer. Table 20.1 shows the data provided by the capacitor manufacturer for
the capacitor used in the evaluation and its ESR behaviour with respect to frequency
is as in Fig. 20.3.

Calculating the Hot Spot Temperature

The capacitor hot spot temperature is calculated using the information provided by
the capacitor manufacturer for the particular capacitor type. The hot spot temperature
is the key factor for determining the lifetime of the capacitor. The value of the total
rms ripple current can be determined from the harmonic spectrum. The capacitor hot
spot temperature (Th) is calculated as in Eq. (20.4) with the known value of power
loss (Pd) and thermal resistance (Rth) with the surrounding temperature information
(TA) of the capacitor [3, 4].

Th = TA + Pd · Rth (20.4)
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Fig. 20.3 ESR as a function
of frequency
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Capacitor Lifetime Calculation

The predicted lifetime is calculated using the relationship between the calculated
hot spot temperature and manufacturer recommended co-efficients. The lifetime is
calculated as below in Eq. (20.5).

Lop = A · 2 85−Th
c (20.5)

where A and C are the lifetime coefficients given by the manufacturer. With the
available hot spot information (Th), lifetime (Lop) is calculated [3–5].

20.5 Modelling and Simulation of VFD

Simulink® model was developed for simulation study with 315 kW, 400 V, 580 A,
and 50 Hz VFD connected to both PV grid and non-polluted or pure grid. Rectifier
input voltage on distorted and non-distorted grid is as in Fig. 20.4a, b. Harmonics in
the range of twenty-first to twenty-third order have significantly increased because
of the PV grid as shown in Fig. 20.5a. Lower-order harmonics are also increased
even though the fundamental is less in such conditions.

Rectifier input current on distorted and non-distorted grid is shown in Fig. 20.6a,
b.

Capacitor ripple current is heavily distorted because of the line voltage distortion
in Fig. 20.7a. The reflected DC capacitor current is shown in Fig. 20.7a, b.

The ripple current has higher order components present in Fig. 20.8a. This, in
turn, varies the ripple current magnitudes and results in more heating. ESR value
changes due to these effects resulting in the capacitor lifetime reduction [6]. 300 Hz
current component value of the capacitor is less because of grid impedance changes
due to the PV grid model in Fig. 20.8a.
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Fig. 20.4 a Rectifier input voltage on distorted grid and b rectifier input voltage on non-distorted
grid

Fig. 20.5 a Rectifier input VTHD on distorted grid and b rectifier input VTHD on non-distorted grid

Fig. 20.6 a Rectifier input current on distorted grid and b rectifier input current on non-distorted
grid
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Fig. 20.7 DC capacitor voltage and ripple current in a distorted grid and b non-distorted grid

Fig. 20.8 a FFT of capacitor ripple current with distorted grid and b FFT of capacitor ripple current
with non-distorted grid

DC voltage across inductor on distorted and non-distorted grid is shown in
Fig. 20.9a, b. In addition, VTHD of inductor voltage waveform on distorted and non-
distorted grid is shown in Fig. 20.10a, b, respectively.

Due to the presence of the high-distorted current voltages in the grid, the DC link
inductor will experience faster flux reversals. Majority of the magnetic flux density
of the DC inductor consists of the DC components and the AC ripple components
in the multiples of the fundamental frequency component. The relevant Eq. (20.6)
governs the stated conditions.

Bpk = Bdc + Bh=300Hz + Bh=600Hz + Bh=900Hz + Bh=1200Hz + · · · (20.6)



270 P. Ramesh et al.

Fig. 20.9 DC inductor voltage in a distorted grid and b non-distorted grid

Fig. 20.10 VTHD of inductor voltage waveform a distorted grid and b non-distorted grid

The change in Bpk considerably varies the core loss [7]. As the ratio of the fun-
damental component and the harmonic components are less in case of the DP grid,
the core loss will increase considerably.

20.6 Estimation of DC Capacitor Lifetime

The above simulation results show that the capacitor ripple current harmonics are
very high in the low-frequency ranges. It was also noticed that the harmonics in
the higher order is substantial. There were two cases considered for calculating the
Lifetime of the capacitor (with PV or distorted grid and non-distorted or pure grid).
While calculating the lifetime based on the calculation principle shown, it is noticed
that the capacitor losses are considerably high with the distortion. This is mainly
because of the variation in the harmonic levels and the weight factors (Mf ).
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Table 20.2 Capacitor lifetime (a) pure or non-distorted grid and (b) distorted or PV grid

Grid Rth TA Pd Th A C Factor Lop (h)

(a) Pure
grid

0.4 40 41.42 56.57 6000 12 2.37 30,996.62

(b) PV grid 0.4 40 45.94 58.37 6000 12 2.22 27,922.87

Because of the increase in losses, the lifetime is significantly reduced on the capac-
itors as in Table 20.2. Generally, the DC capacitors are considered as the weakest
elements with respect to the lifetime characteristics in the VFD. Because of this, the
life time of the VFD is also reduced considerably.

20.7 Conclusion

Detailed analysis and simulation in this paper shows VFD capacitors lifetime esti-
mation is greatly influenced due to PV connected grid configuration. The reference
grid as shown in Fig. 20.1 is considered for analysis and simulation. The PV grid
model was generated and the interfacewithVFDwas simulated to analyse the perfor-
mance. From the analysis, it is observed that the DC link parameters are considerably
distorted. This distortion affects the voltage and current stress on DC link inductor
and DC filter capacitor. A specific reference operating condition was considered for
simulation studies. The capacitor ripple current variation is analysed from the sim-
ulation and the lifetime is estimated. From the results, it is seen that the lifetime is
getting reduced considerably. Changes in the DC link inductor voltage and its effect
are also addressed.
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