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Abstract
Handwritten character recognition is the most widely used branch of study in image pattern recognition. Tamil, the official
language of Tamil Nadu in South India, Sri Lanka, Singapore and Malaysia, has a script which contains many loops and
compound characters, with small differences between character classes. Most of the research on offline Tamil handwritten
character recognition system was done only on few character classes as it is very difficult to distinguish between minute
dissimilarities of large character classes. It is important to design a complete recognition system that can process all character classes of Tamil and distinguish natural variability between inter-class images. Unlike conventional machine learning
approaches for pattern recognition problems, we have proposed a nearest interest point classifier, which can choose sufficient
and necessary subset of features from a variable length high dimensional feature vector. Since this is a practical problem,
in this work, a study on image to image matching is included through feature analysis without using machine learning
approaches. The proposed algorithm gave a good recognition accuracy for all the character classes on the standard database
available for Tamil, HP Labs offline Tamil handwritten character database. Our proposed classifier produced a recognition
accuracy of 90.2% while including the whole dataset. The method has been compared with the standard classifiers and has
been proved to be a state-of-the-art performance in recognition of accuracy over the previous results given in the literature.
Keywords Handwritten character recognition · Pattern recognition · Classification · Variable length · High dimensional
data · Speeded up robust features

1 Introduction
India is a multilingual country where people in different
states speak different languages. Research says our country is multiscript, with 18 languages and 12 different major
scripts [1]. Indians use their own native language as a media
of communication. Keyboard is the interface between human
and machine for communication. To make this more effective and easy, handwritten character recognition (HCR) systems are given high importance, which accepts handwritten
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documents as input and converts it into machine readable
form. The popular applications of handwritten character
recognition system include (1) reading aid for the blind, (2)
automatic text entry into the computer for desktop publication, library cataloging, ledgering, etc. (3) automatic reading
for sorting of postal mail, bank checks and other documents
and (4) language processing [2]. Basically, handwritten character recognition system is classified into two, based on the
form in which the information is fed to the system: online
and offline. In offline systems, the information is written on
a paper and digitized by a scanner and presented to the computer as an image. In contrast, in online systems, the user
uses a stylus to write the input through a digitizing tablet
which captures temporal information such as (x, y) coordinates at evenly spaced time intervals [3, 4]. Offline systems are more complex than online systems. HCR systems
are widely available for foreign languages English, Roman,
Japanese, Chinese, Korean and Arabic scripts [5–8]. But,
very little steps are taken to develop a system for Indian
languages, especially for South Indian Languages. Our work
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ABSTRACT Plant species detection aims at the automatic identification of plants. Although a lot of
aspects like leaf, flowers, fruits, seeds could contribute to the decision, but leaf features are the most
significant. As a plant leaf is always more accessible as compared to other parts of the plants, it is
obvious to study it for plant identification. The present paper introduced a novel plant species classifier
based on the extraction of morphological features using a Multilayer Perceptron with Adaboosting. The
proposed framework comprises pre-processing, feature extraction, feature selection, and classification.
Initially, some pre-processing techniques are used to set up a leaf image for the feature extraction process.
Various morphological features, i.e., centroid, major axis length, minor axis length, solidity, perimeter, and
orientation are extracted from the digital images of various categories of leaves. Different classifiers, i.e., kNN, Decision Tree and Multilayer perceptron are employed to test the accuracy of the algorithm. AdaBoost
methodology is explored for improving the precision rate of the proposed system. Experimental results are
obtained on a public dataset (FLAVIA) downloaded from http://flavia.sourceforge.net/. A precision rate of
95.42% has been achieved using the proposed machine learning classifier, which outperformed the state-ofthe-art algorithms.
INDEX TERMS Leaf recognition, feature extraction, k-NN, decision tree, multilayer perceptron, plant leaf
classification, plant species identification, AdaBoost.

I. INTRODUCTION

As the future is moving to an artificially intelligent world,
machines are replacing human experts in every domain. One
such significant domain is agriculture, where the human
experts are looking for intelligent machines, which may make
their task easier and perform even better than human experts.
Such intelligent systems are very crucial, as they are likely
to eliminate any chances of ambiguity. Leaf recognition for
plant species detection is a significant research zone in the
field of image processing and computer vision. Although
a lot of methods have been developed so far, the existing
computational models for leaf recognition must address a
couple of challenging issues. One of these challenges is
the extraction of features of plant leaf and their representation so that accurate classification of plant species could
be made. Out of many features, leaf shape is a conspicuous
element that most algorithms rely on to perceive and describe
The associate editor coordinating the review of this manuscript and
approving it for publication was Md. Asikuzzaman
163912

.

a plant [1]. In addition, leaf shading, surface, and vein can
also be considered for more accurate classification [2]. Each
of these components is significant for the recognition and
classification of a leaf image. Because of the availability of
effortless cameras and remarkable computer vision frameworks, plant/leaf recognition has become an active area of
research. The popular frameworks mainly comprise preprocessing, feature extraction & selection and classification.
This paper aims to propose a novel classifier for plant species
recognition using morphological features enhanced with the
adaptive boosting methodology. The major contributions of
our paper are:
• Fast and accurate leaf classification for plant species
identification
• Utilization of morphological leaf features with low
dimensionality
• Evaluation of different classifiers
• Optimize the classification results using AdaBoost
This paper is subdivided into seven sections. An introduction to plant leaf recognition has been presented in Section 1.

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/
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Abstract
Object recognition has a wide domain of applications such as content-based image
classification, video data mining, video surveillance and more. Object recognition
accuracy has been a significant concern. Although deep learning had automated the
feature extraction but hand crafted features continue to deliver consistent performance.
This paper aims at efficient object recognition using hand crafted features based on
Oriented Fast & Rotated BRIEF (Binary Robust Independent Elementary Features)
and Scale Invariant Feature Transform features. Scale Invariant Feature Transform
(SIFT) are particularly useful for analysis of images in light of different orientation
and scale. Locality Preserving Projection (LPP) dimensionality reduction algorithm is
explored to reduce the dimensions of obtained image feature vector. The execution of
the proposed work is tested by using k-NN, decision tree and random forest classifiers. A dataset of 8000 samples of 100-class objects has been considered for
experimental work. A precision rate of 69.8% and 76.9% has been achieved using
ORB and SIFT feature descriptors, respectively. A combination of ORB and SIFT
feature descriptors is also considered for experimental work. The integrated technique
achieved an improved precision rate of 85.6% for the same.
Keywords Object Recognition . ORB . SIFT . K-Means . LPP . k-NN . Decision Tree . Random
Forest
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Abstract— In many applications of wireless sensor networks
(such as military communications), secure communication, message delay minimization and energy efficiency are crucial. Such
requirements constrain special or Important Cluster Head (ICH)
placement over the network architecture modeled by a tree. The
optimal important cluster head placement problem is formulated
and solved using source coding results (providing minimum
possible delay and security through prefix-free paths over the
tree). Also, through simulations energy efficiency of the proposed
approach is established. The reported research is naturally
applicable for many applications of Wireless Sensor Networks
(WSNs) such as Body Area Networks (BANs).
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T

HE rapid growth of wireless communication technology
has led to the development of low power, low cost
and tiny sensor nodes. Each tiny node has the capacity to
sense, process, and to transmit the sensed data to base station.
Randomly deployed tiny nodes form a network for data
transmission. These Networks have become extremely popular
due to the large number of applications in the areas of intrusion
detection, habitat, environmental monitoring, etc. However,
some of the limitations of sensor nodes are mainly in storage
capacity, power capacity, and short communication range [1].
These limitations can be overcome by some efficient sensor
node placement schemes and hierarchical implementations [2].
Secure data transmission and low energy consumption is
possible through choices of Cluster Heads (CHs) in the
wireless sensor field [3]. The entire sensor field is divided
into several small fields known as clusters and each one is
headed by a cluster head [16]. Among cluster heads, some
are important and others are ordinary CHs. These important
cluster heads transfer data between a base station and other
cluster heads.
In Wireless Sensor Networks (WSNs), the cluster head
placement problems have not been adequately studied in the
literature, while secure placement of nodes in sensor field has
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been at the core of research [7], [8]. Motivation : Wireless
Sensor Networks find many applications in fields such as
Military Communication, healthcare etc.
• Security Constraint: Specifically, in the case of communications among military personal, certain messages can
be received by officers of certain cadre and above (in the
military hierarchy) only.
• Optimization Constraint: Also, it is clear that messages
will have delay constraint and must be received by
officers in real time.
In this letter, we propose a novel optimal approach for the
sensor placement in WSNs. The main goal is to minimize
average depth of Important Cluster Heads from the base station
by reducing the number of hops. Further, we ensure message
security and make, the paths from Base Station (BS) to Important Cluster Heads to be prefix-free. The contributions are,
(i) Minimize the average depth of an ICH from the BS in terms
of hop-count, (ii) Provide an optimal hierarchy in the network
for secure data transmission. (iii). Relate CH placement and
source coding technique. The rest of the letter is organized
as follows: In Section II, the problem specification with the
help of Secure Cluster Head placement in the network field
is discussed. In Section III, the relationship between secure
cluster head placement and optimal source coding techniques
in WSNs are discussed and later followed by conclusion in
section IV.
II. S YSTEM M ODEL
The entire system structure is based on the approaches made
for an optimal, energy efficient and secure wireless sensor
network. To minimize the average depth of an ICH from the
BS in terms of hop-count, to provide an optimal hierarchy in
the network for secure data transmission, and to relate CH
placement and source coding technique are the three main
proposals required for an efficient network design.
• Based upon hierarchy among military personnel, importance values are assigned/decided
• The total number of important cluster heads is decided
by a number of officers in the military hierarchy
We realized that the above motivation can be understood by
modeling the real-time communication problem as a source
coding problem. Specifically the important cluster heads are
chosen as the prefix free nodes (code words) on the military
hierarchy so that the security constraint is met.
In this context, a tree based structure is selected and
the depth of a tree is the path with maximum number of
hops between BS and leaf nodes and the depth of BS in
a tree structure is zero. The number of leaves present in a
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Forensic document examination system using boosting and bagging
methodologies
Surbhi Gupta1 • Munish Kumar2
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Abstract
Document forgery has increased enormously due to the progression of information technology and image processing
software. Critical documents are protected using watermarks or signatures, i.e., active approach. Other documents need
passive approach for document forensics. Most of the passive techniques aim to detect and fix the source of the printed
document. Other techniques look for the irregularities present in the document. This paper aims to fix the document source
printer using passive approach. Hand-crafted features based on key printer noise features (KPNF), speeded up robust
features (SURF) and oriented FAST rotated and BRIEF (ORB) are used. Then, feature-based classifiers are implemented
using K-NN, decision tree, random forest and majority voting. The document classifier proposed model can efficiently
classify the questioned documents to their respective printer class. Further, adaptive boosting and bootstrap aggregating
methodologies are used for the improvement in classification accuracy. The proposed model has achieved the best accuracy
of 95.1% using a combination of KPNF ? ORB ? SURF with random forest classifier and adaptive boosting
methodology.
Keywords Document forensics  Printer forensics  KPNF  SURF  ORB  AdaBoost  Bagging

1 Introduction
Digital documents and their use have become increasingly
dominant in the present era. It is almost impossible to avoid
their use these days. These digital documents could be
official contract images, bills and checks, etc. Paperless
world is the objective behind these digital documents.
Moreover, a digital document is easy, economical and
efficient to maintain as compared to a hard copy, but its
security is a challenge. Manipulation of digital documents
has increased enormously due to the progression of information technology and image processing software. Document analysis and its authentication is a critical challenge.
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Important documents such as bank cheques, educational
certificates, passports have watermarks on them which
authenticate the digital document. Although active technologies dominate in this domain, still passive analysis for
unprotected documents is always required. Active technologies add some security features in the digital document. Active approaches mainly use digital signatures or
watermarks as defensive measures to protect the images.
Originality and legitimacy of images and digital documents
can be checked using the watermark or signature embedded
in the image. Active techniques are used to protect copyright images and important documents. In active approach,
a watermark or signature code is embedded in the image
itself. It is embedded in the form of bits. These bits can
later be extracted and checked to validate the image (Tayan
et al. 2014). Forensics are basically divided into two categories, namely active or passive. These are briefly discussed in sub-sections.

1.1 Active forensics
The most popular active forensics approach for digital
image authentication is watermarking. In watermarking
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Abstract: The minimisation of energy consumption has become an emerging topic in wireless sensor networks (WSNs) as
these networks enable a wealth of new applications. The internet of things (IoT) application is one of them and the current hype
around the IoT is huge. Therefore, the development of efficient communication protocols for WSNs is a major concern. In this
context, various research communities have triggered several optimisation techniques to provide energy-efficient solutions to
WSNs. This study aims to apply the genetic algorithm (GA) in WSNs clustering and to evaluate its performance over another
optimisation technique. The proposed protocol is analytically analysed and compared with a fuzzy logic (FL)-based routing
protocol and traditional routing protocol like LEACH and K-means using a Java-based custom simulator. Simulation results
show that there is a trade-off between GA-clustering and FL-clustering, but the overall performance of GA-clustering is very
promising for obtaining optimal energy consumption.

1

Introduction

Rapid growth in the field of internet of things (IoT) along with
wireless communication has led to the development of tiny, smart
sensor nodes those play a major role in implementing IoT. It
facilitates billions of devices to share the data by their sensing and
communicating capability. It seems like every day a new company
announces some IoT-enabled product. Wireless sensor network
(WSN) consists of hundreds or thousands of sensor nodes
organised in an ad hoc pattern to observe and interact with the
physical world. Each sensor node consists of four elements;
sensing unit, processing and storage unit, power supply and
transceivers. The sensing unit is responsible for measuring the
physical parameters in the real world such as temperature, pressure,
humidity, acoustic signal, vibrations, vehicular movements etc. [1].
These sensed values are handled by the processing unit and
forwarded to the base station (BS) through intermediate nodes
either by single-hop or multi-hop fashion. Energy consumption,
limited bandwidth and limited memory is the main challenging
issue in designing a protocol in WSN. Most of the time the sensor
networks are deployed in unattended terrain, where recharging and
replacement of battery is quite impossible. Despite of enormous

Fig. 1 Basic structure of WSN
IET Wirel. Sens. Syst.
© The Institution of Engineering and Technology 2020

constraints, the applications of WSNs are huge in range that vary
from military surveillance to health-care monitoring, agriculture,
inventory control, industrial automation etc. The basic architectural
model of WSN is shown in Fig. 1.
Many researchers have put their effort into designing routing
protocols for WSN since last decade and proved their energy
efficiency through simulation results [1–14]. Clustering-based
routing technique is one of these efficient techniques, where the
whole sensor network is partitioned into small size networks
(clusters) to resolve the scalability issue of the network. In these
networks, each cluster is controlled by an efficient node known as
cluster head (CH). Whenever any event occurs, all the sensor nodes
inside a cluster send the sensed data to the respective CHs. These
CHs aggregate the sensed data and send it to the BS either directly
or through the other CHs till it reaches the BS. The objective of the
clustered-based routing protocol (equal or unequal) is purely
application specific. However, the overall target is to minimise
energy conservation and to overcome hot spot problems. Some of
the added features which cannot be compromised are discussed
below.
• Scalability: sensor nodes are deployed in large numbers that
range from hundreds to thousands of nodes depending on the
requirement of the applications in real time scenario. When the
sensor nodes are large, clustered-based routing can only provide
scalability in large scale by dividing the sensor field into number
of levels and dividing each level into number of clusters.
• Data aggregation/fusion: data fusion occurs at BS level, but in
clustering-based algorithm local data fusion occurs at CH level
and global data fusion occurs at BS level.
• Load balancing: rotation of CH among all the sensor nodes is
required within a cluster in order to balance the network load.
Proper selection of CH must be taken care of to accomplish the
objectives.
• Fault tolerant: as sensor networks are deployed in an open
environment without human monitoring system, it must be
robust enough to handle the changes in physical properties of
ever-changing environment.
• Stable network topology: stable network topology is an essential
feature to minimise the energy consumption.
• Increased lifetime: energy conservation is the major concern in
WSN that directly lengthens the network lifetime. So, proper
1
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Routing in wireless sensor networks using machine learning techniques:
Challenges and opportunities
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Energy conservation is the primary task in Wireless Sensor Networks (WSNs) as these tiny sensor nodes are the
backbone of today’s Internet of Things (IoT) applications. These nodes rely exclusively on battery power to
maneuver in hazardous environments. So, there is a requirement to study and design efficient, robust commu
nication protocols to handle the challenges of the WSNs to make the network operational for a long time.
Although traditional technologies solve many issues in WSNs, it may not derive an accurate mathematical model
for predicting system behavior. So, some challenging tasks like routing, data fusion, localization, and object
tracking are handled by low complexity mathematical models to define system behavior. In this paper, an effort
has been made to provide a big outlook to the current “researchers” on machine learning techniques that have
been employed to handle various issues in WSNs, and special attention has been given to routing problems.

1. Introduction
A WSN is a collection of a large number of sensor nodes, usually
deployed in remote areas to monitor environmental parameters like
temperature, humidity, moisture, etc. The sensor nodes are equipped
with various types of sensors like acoustic, pressure, motion, image,
chemical, weather, pressure, temperature, optical sensors, etc. Due to
this diversity of sensor nodes, the applications of WSNs are huge in a
range that starts with healthcare, military, defense, agriculture to our
day to day life. Despite huge applications, WSN faces many typical
challenges like limited energy sources, computational speed, memory,
and limited communication bandwidth, making the sensor network
degrade in performance and decreasing the network lifetime [1].
Developing different algorithms for different applications is quite a
challenging task. In particular, the designer of WSNs must emphasize on
various issues like data aggregation, clustering, routing, localization,
fault detection, task scheduling, event tracking, etc. The various chal
lenges and issues in WSNs are illustrated in Fig. 1. The complete
description is given in section III. Among all the tasks, routing is one of
the important tasks as major percentage of the energy consumption
takes place while routing the data packet from the source node to the
destination either through a single hop or multi-hop fashion. While
routing the data, the sensor network designer must focus on all the
sensor node’s energy consumption issues to keep the network operating

for a long time. Every routing protocol has its own characteristics and
specifications based on network applications and structure.
Machine Learning (ML) is a part of Artificial Intelligence introduced
in the late 1950s. Over the period, it evolved and moved towards al
gorithms that could computationally feasible and robust enough to
handle different problems like classifications, clustering, regression, and
optimization in the field of medical, engineering, and computing. ML is
one of the most exciting and influential technologies in today’s world.
ML provides computer systems with the ability to learn automatically
without human involvement and take action accordingly. It creates a
model by analyzing complex data automatically, quickly, and accu
rately. ML has the ability to learn from the generalized structure to
provide a general solution to improve system performance. Because of
the diversified applications, it is applied in various scientific fields of
medical, engineering, and computing like manual data entry, automatic
detection of spam, medical diagnosis, image recognition, data cleansing,
noise reduction [144,145], etc. Recent studies prove that ML has been
applied to solve many issues in WSNs. Applying ML in WSNs not only
improves the system performance but also reduces the complex tasks
like reprogramming, accessing the large amount of data manually, and
extracting useful information from the data. So, ML techniques are
extremely helpful for fetching large amounts of data and extract useful
information [2–4]. For more clarity, the requirements of Machine
Learning Techniques in WSNs are briefly explained in the below
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Abstract: Network survivability has become a crucial
requirement in all types of computer networks. It becomes
even more significant for wavelength division multiplex
(WDM) mesh networks due to their high speed and capacity. These networks are prone to link failures. A link
failure may be a single or multiple link failure. A single-link
failure is easy to locate and fix as compared to multiple link
failures. A dual-link failure recovery technique has been
proposed using p-cycles. This technique uses a replication
method for the p-cycle circle. It is an enhancement of the
original failure independent path protection p-cycle
scheme. The replica properties of p-cycle have been used to
protect the nodes through the same p-cycle available.
Creating a new p-cycle always adds to the cost of the
network, whereas using a replica of already existing p-cycle significantly reduces the network cost. The proposed
technique is implemented using network simulator in three
phases.
Keywords: link failure; p-cycle; WDM mesh networks.

1 Introduction
Wavelength division multiplex (WDM) mesh networks
provide an inexpensive way to provide broadband internet
access. In a WDM mesh network, a single node is able to
communicate with multiple nodes using multiple data
flows in both directions. The WDM network relies on a
high-speed backhaul network, which is further composed
of WDM routers. The primary use of WDM mesh networks is
broadband internet access or mobile telephony backhauling. These networks can provide gateways for wired
internet and other WDM services. A typical WDM network
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is shown in Figure 1. The network performance of a WDM
network may be optimized by using multiple radios [1, 2].
The survivability schemes may be proactive and reactive in nature. Alternate routes are precalculated for a
proactive scheme, whereas the alternate routes are calculated after the actual fault occurs, in the case of the reactive
scheme. These schemes may be classified as protection and
restoration schemes. These schemes may be used independently or jointly to make the networks more survivable.
The decision to choose a proactive or reactive scheme depends on various network parameters and the nature of
services. p-cycles are currently a genuinely understood
plan with numerous fascinating and appealing properties.
They can ensure proficient, quick and guaranteed recovery
against failures [3, 4, 5]. The remaining paper is divided as:
Section 2 presents the related work. The proposed method
is demonstrated in Section 3. Section 4 is about results
and discussion. Finally, the conclusion is presented in
Section 5.

2 Related work
A lot of research has been carried out regarding in network
survivability. There are many reasons for network failure,
so different survivability schemes are required to handle
these failures. In the present study, we are only concentrating on p-cycle based failure recovery in this section.
Schupke [6] has analyzed the dual-link failure restorability
using p-cycles. p-cycles were able to provide fast failure
recovery in WDM networks. The number of p-cycles
deployed and further survival of dual-link failures were
considered in a Pan-European network case study. Using
p-cycle protection, high capacity efﬁciency, and faster
protection switching was achieved. Yadav et al. [7] have
used intercycle switching (ICS) for network survivability.
An idle p-cycle was used to reduce the length of the p-cycle
restoration segment by using an idle p-cycle. An enhanced
ICS was also used to improve effectiveness.
Zhong and Zhang [8] investigated the performance of
ﬂow p-cycle and optimal path pair based dual-source
protection approaches. The results have been analyzed for
source failure recovery. It was observed that the importance of source failure recovery is more as compared to the
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The economy, national safety, and health care are tremendously dependent on the faithful supply of power. The
communication technology integration and sensors in power systems have been authorized as a smart grid (SG)
that is revolutionizing the model of power generation, distribution, monitoring, and control. To know the Smart
Grid compatibility, many problems are required to be directed. The safety of the smart grid is the most chal
lenging function and very crucial difficulties. This paper proposed, a safe demand-side management machine
deploying machine learning for the Internet of Things authorized phase is recommended. The propounded
demand-side management (DSM) machine protects the effective energy use based on their preferences. A
particular flexibility sample was proposed to manage incursion into the smart grid. Anelastic agent prognosti
cates swindling companies, the ML classifiers are utilized. Promoted power management and intermediate
control companies are recommended for processing power data to improve energy usage. The proposed project’s
effective simulation is implemented to examine the efficiency. The outcome of the analysis discloses that the
planned demand-side management (DSM) machine is less susceptible to the incursion and it is sufficient to
decrease the smart grid’s energy consumption.

1. Introduction
In today’s internet, IoT is the upcoming stride development. Where
nodes, communication sets the objects, or things, and computational
abilities [1-2]. Internet of Things (IoT) gadgets can integrate seamlessly
with the network at different stages [3]. Internet of Things (IoT) gives
the basement for Smart City supports for instance Smart Health, Smart
Transport, Smart Home, SG, and Smart Tracking, etc. One of IoT’s
largest systems is the Smart Grid, which is nothing more than a regular
grid magnified by a combination of naturally replenished renewable
sources of power and large-scale information and communication
technologies [4-5]. The smart devices based on IoT can be embedded
with the SG in all key areas for example manufacturing, communica
tions, delivery, and application [6]. The energy needs of this hundredth
of years are increasing most rapidly because of population density

extensions on the communities. The national economy, national secu
rity, and the health care of communities rely tremendously upon journal
front-end sources for reliable and flexible power supply. Regular power
grids, which are stable and ineffective to meet the requests of the
customer. SG is the upcoming generation of the grid. The SG can make
the upcoming generation’s better performances of citizens and create it
stable as SG’s customer become more spirited and participated in the
system. By the preferences and request system forms [7]. Therefore,
different countries have initiated accepting SG helps to improve com
munities. The conventional network market is public and brought
together, where the SG market is decentralized and rises above limits.
Constant correspondence is fundamental to the SG and IoT joining can
maintain it.
The SG is more effective, when compared with the conventional
griddle to production, market, exchange, distribution, and consumer
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