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Preface

The 7th International Conference on Advanced Computing, Networking, and Infor-
matics (ICACNI, 2019)was held during 20–21December 2019, at the Indian Institute
of Information Technology Kalyani, India. There were theoretical research works
from Machine Learning and other algorithm domains and their applications.

This book focuses on both theory and applications in the broad areas of compu-
tational intelligence and machine learning. ICACNI 2019 presents research papers
in the areas of advanced computing, networking, and informatics. It brings together
contributions from scientists, professors, scholars, and students and presents essen-
tial information on the topic. It also discusses the practical challenges encountered
and the solutions used to overcome them, the goal being to promote the “translation”
of basic research into applied research and of applied research into practice. The
works presented here also demonstrate the importance of basic scientific research in
a range of fields.

Some of the works are on Natural Language Processing domain like a sarcasm
detection tool using Deep Neural Network. An article is on sentiment analysis using
VADER for Twitter data. The book consists of an article on Latent Dirichlet Allo-
cation (LDA)-based domain-specific sentiment analysis applicable for the Twitter
dataset. Type classification problem is addressed in another article. A model to
retrieve news articles related to the news currently being read based on their context
and background information is also presented. The user-defined parameters for clus-
tering algorithm are done in another article by harnessing the capabilities of Genetic
Algorithm (GA).

There are a few articles based on image processing tasks also. Some other authors
devised few techniques based on some circuit parameters. A numerical model of the
mammalian ventricular cell to exhibit the effects of pacing and stimulus variations
in the Luo–Rudy Phase I model is also presented in this book. Another work is on
distributed algorithm for computational mobile entities, popularly known as swarm
robots that operate and move in continuous space to arrange themselves in a straight
line. A Deep Learning Model (DLSTM) is also presented to forecast the air pollu-
tion. A Canadian Middle Atmosphere Model (CMAM30) data is analyzed for the
temperature variation from 1000 to 0.001 hPa from 2009 to 2010 to study the effect
of window size on two-dimensional Fourier spectra.

v



vi Preface

An efficient adaptive Weighted Hybrid Queue Scheduling Scheme (WHQSS) is
also contributed by the authors. An integrated improved hybrid cuckoo-GKO-based
low power consumption routing protocol is suggested by another author. Convolu-
tional Neural Network (CNN) model-based steganalysis is suggested by the authors.
A novel watermarking-based approach is proposed by some authors to enable digital
media assets to be maintained with their metadata persistently and robustly.

The editors would like to thank the authority of IIIT Kalyani, India, for providing
infrastructural support to host the conference at IIIT Kalyani. Our sincere gratitude
to the authorities of Springer Nature for publishing the presented papers of this
conference as a book series.

This volume will be useful to the researchers, budding engineers, and undergrad-
uate and postgraduate students of related disciplines.

Editors

Kalyani, India
Kalyani, India
Rourkela, India
Kalyani, India
Rourkela, India

Jyotsna Kumar Mandal
Imon Mukherjee
Sambit Bakshi

Sanjay Chatterji
Pankaj K. Sa
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Minutiae Points Extraction Using Faster
R-CNN

Vivek Singh Baghel, Akhilesh Mohan Srivastava, Surya Prakash,
and Siddharth Singh

Abstract A fingerprint is an impression of the friction ridges of all parts of the
finger and it is a widely used biometric trait. In a fingerprint authentication system,
minutiae points are used as features to authenticate an individual. There are many
traditional techniques which have been proposed to extract minutiae points from a
fingerprint. However, efficiently locatingminutiae points in a fingerprint image is still
a challenging problem. In this paper, we propose a technique to locate and classify the
minutiae points based on Faster R-CNN, which is a combination of region proposal
network (RPN) and detection network. We use IIT Kanpur fingerprint database to
evaluate the proposed technique and to show the performance.
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1 Introduction

A fingerprint is a combination of continuous patterns which are known as ridges
and valleys. In each fingerprint, some unique points exist which are called minutiae
points and these points are used to discriminate a fingerprint from others. Bifurcation
and ridge-end are mainly used minutiae points in a fingerprint authentication system.
The locations where ridges bifurcate into two different ridges are called bifurcation
points, whereas points, where ridges end abruptly, are called ridge-end points. For
the last several years, deep convolutional neural networks (CNNs) [4] has been
used to solve several object recognition problems. The basic architecture of a CNN
consists of several building blocks, including different layers such as convolution
layers, pooling layers (e.g., max pooling and min pooling), fully connected layers,
and classification layer. CNNs have also been used for extracting the minutiae points
from a fingerprint image [3]. R-CNN, which is also called as regions with CNN
features, has been widely used to detect the locations of objects present in a scene
with their class labels. The extraction of the location of minutiae points with their
types (bifurcation or ridge-end) can also be mapped to object detection problem in
an image containing multiple objects. Although R-CNN achieves great results, the
training process has lots of problems because the region proposal has to be generated
for the training dataset. In R-CNN, region proposals are calculated by the selective
search method, which is a time-consuming process. The improved version of R-
CNN is Fast R-CNN, which uses CNN completely for the whole image and RoI
pooling is performed on the feature map for classification and regression. However,
it still uses a selective search method. The improved version of Fast R-CNN is called
Faster R-CNN. It is a fully convolutional network and is fast in training process as
compared to both R-CNN and Fast R-CNN. In this network, RPN is used to propose
the regions where the object of interest may be present in a scene. This motivates
us to use Faster R-CNN for the extraction of minutiae points in a fingerprint image.
To carry out the same, training data has to be prepared, which contains fingerprint
images with ground truth bounding boxes representing the minutiae locations and
their respective class labels (i.e., bifurcation or ridge-end).

Rest of the paper is organized as follows. Section 2 discusses some of the existing
techniques used for minutiae points extraction. Description of Faster R-CNN is given
in Sect. 3. The proposed method is discussed in the Sect. 4. Experimentation and
results are discussed in the Sect. 5. The last section discusses the conclusions.

2 Literature Review

Fingerprint biometrics is a widely explored research area in biometrics and there
are many works that have been carried out in this area. Ratha et al. [13] proposed a
method to extract the minutiae points based on orientation flow and they have com-
pared their result with the ground truth (the manually extracted minutiae points). Jain
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et al. [6] have proposed an online fingerprint verification system and their minutiae
extraction algorithm is shown to be much faster and reliable as compared to the
technique proposed in [13]. Hong et al. [11] have proposed a method of enhancing
the fingerprint image to extract minutiae points correctly. Jain et al. [8] proposed
a new representation of features in a fingerprint image instead of minutiae points.
This feature representation is called fingercodes. Jain et al. have explained in [7,
9] about the importance of fingerprint authentication. They have also explained the
feature extraction of a fingerprint image and the matching techniques for fingerprint
authentication. The features, which are basically minutiae points, are extracted by
traversing a 3× 3 filter onto the thinned fingerprint image. Lavanya et al. [2] pro-
posed a Gabor filter-based enhancement algorithm for minutiae extraction, which
can simultaneously extract ridge orientation and ridge frequency. Other than above-
mentioned techniques, there are many works which have been carried out in the
area of fingerprint authentication for minutiae points extraction based on traditional
approaches.

In recent years, studies show that deep neural network architectures [4] are poten-
tial candidates for feature extraction. In the domain of minutiae extraction, there
are many works which use deep neural networks for minutiae extraction. Jiang
and Liu [10] presents fingerprint minutiae detection based on multi-scale CNN and
employ two separate CNN for minutiae detection and minutiae classification. In
their work, the minutiae detection is carried out using two steps. In the first step,
classification of image patches into minutiae and non-minutiae patch is carried out,
whereas, in the second step, classification is done for minutiae into ridge-end and
bifurcation. Tang et al. [15] have proposed an approach to extract minutiae points
from latent fingerprint images and have compared the accuracy of the authentication
system with the accuracy, while minutiae points are calculated manually. Jiang et
al. [12] proposed a novel minutiae extraction approach by using two nets, i.e., judge
net and locate net. In this work, fingerprint image has been cropped into several
overlapped patches. Classification of these patches into minutiae and non-minutiae
is carried out using judge net, whereas locate net in this work is used to locate the
minutiae points into the overlapped patches.

3 Proposed Method

We propose an automated approach for the extraction of minutiae points from a
fingerprint image. The technique is based on Faster R-CNN [14] which is a fully
convolutional neural network and is end-to-end trainable. The complete schematic
of Faster R-CNN used in the proposed technique for extraction of minutiae points
is shown in Fig. 1. As discussed in the introduction section, there are different types
of minutiae points present in a fingerprint image. Here, bifurcation and ridge-end
points are used as the minutiae points and are detected in a fingerprint image.
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Fig. 1 The schematic diagram of Faster R-CNN used in fingerprint minutiae extraction

3.1 Ground Truth Preparation

The preparation of ground truth is an essential step before performing training of the
network in the proposed technique. Ground truth for training the network are patches
of size m × m around the minutiae points present in a fingerprint image. These are
represented in the form of bounding boxes and the coordinates of bounding boxes
are used for training purpose. Coordinates of these bounding boxes along with class
label (minutiae type, viz. bifurcation or ridge-end) are stored in an annotation file.
At the time of training of Faster R-CNN, this annotation file is used as an input to
provide the details of the ground truth.

3.2 Training of Faster R-CNN

Faster R-CNN is mainly a combination of RPN and detection network. RPN is a
combination of ConvNet, region proposal layer, and two parallel layers classifica-
tion and regression. Pre-trained ResNet50 [5] is used as a ConvNet in our proposed
approach and hence there is no training required for ResNet50. ResNet50 is a con-
volutional neural network which is used to classify the objects. It generates feature
maps from the fingerprint images and these feature maps are the output of the last
convolution layer or the base layers of ResNet50. These feature maps and ground
truth information obtained in the previous step are further feed-forwarded to the
region proposal layer. Region proposal layer uses anchor boxes of different sizes
and sliding-window strategy to find out the maximum overlap of anchor boxes with
ground truth. In RPN, after the region proposal layer, two parallel layers which are
classification and regression layers exist. Both of these layers are also convolution
layers. The training (fine-tuning) of RPN is performed using pre-trained weights of
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base layers, anchor boxes of different sizes, fingerprint images, and the ground truth.
The tuning of weights is mainly performed for region proposal, classification, and
regression layers of RPN, whereas its other remaining part uses pre-trained weights
of ResNet50. The region proposals generated by RPN are used to train the detection
network. RoI pooling layer, fully connected layers, and two parallel layers, i.e., clas-
sification and regression layers are the part of the detection network. Classification
and regression layers are the fully connected layer in the detection network. The
training of detection network is performed using region proposals generated by the
RPN. Backpropagation is used to train both RPN and detection network.

3.3 Localization of Minutiae Points

After training the Faster R-CNN, to carrying out localization of minutiae points, a
fingerprint image is given to the network as an input. In RPN, ConvNet generates
the feature map which is further feed-forwarded to the region proposal layer. Region
proposal layer computes the region proposals based on the anchor box sizes which
have been used during the training of RPN. These region proposals are further feed-
forwarded to the detection network where RoI pooling layer flattens these regions in
the formof feature vectors of same sizes. Computed feature vectors are further used to
classify and detect the location of minutiae points by fully connected, classification,
and regression layers of the detection network. At the end, location and type of
minutiae points are obtained as outputs.

4 Experimental Analysis

This section evaluates the performance of the proposed technique. It also provides the
details of the database and the values of hyperparameters. We have used IIT Kanpur
fingerprint database for carrying out the experimentation. This database contains
1376 subjects where for each subject, there are four samples present in the database.
This gives a total of 5504 images for training, validation, and testing.

The preparation of ground truth is a very important step to train the network
on a given dataset. To accomplish the same, first minutiae points are extracted by
using VeriFinger Demo Version [1]. Further, the bounding boxes of size 13× 13 are
calculated around the extracted minutiae points for each fingerprint image. Further,
the training is performed on thinned fingerprint images. For thinning of fingerprint
images, there are mainly two steps involved. The first step performs the enhancement
on fingerprint images by using Gabor filters of different orientations and convert
images into binary. In the second step, by using a morphological function, enhanced
binary images are converted into thinned binary images. These thinned images are
used for training purposes. During the training, Faster R-CNN takes an annotation
file as an input. Training has been performed on 70% images of the total fingerprint
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Table 1 Hyperparameter values for Faster R-CNN used in the proposed technique

Hyperparameter Value

Optimizer-RPN and Detection network “Adam”

Learning rate 0.00001

Number of epochs 20

Epoch length 128

Anchor box sizes 128, 256, and 512 px

RPN Stride 16

Overlaps for classifier RoIs Minimum-0.1, Maximum-0.5

Overlaps for RPN Minimum-0.3, Maximum-0.7

Non-maximum suppression Overlap threshold-0.8

images available in the database. Remaining 30% images are used to validate and
test the proposed technique. The values of hyperparameters for the training of Faster
R-CNN are given in Table 1. It contains different parameter values like types of
optimizer, learning rate, number of epoch, epoch length, anchor boxes scale, etc.
Anchors also play a very important role in the training of the Faster R-CNN network.
They are actually bounding boxes of different sizes that are used to propose the region
by RPN. The ratios between width and height of boxes are chosen as 0.5, 1.0, and
1.5. All possible combinations of these ratios and the size of anchors are used to
perform the training of the network.

The results of the proposed technique on some sample images of the database have
been shown in Fig. 2 where ground truth and detected minutiae points are shown.
As we can see, the proposed technique detects minutiae points quite efficiently. In
Fig. 2a, it can be clearly seen that most of the minutiae points are extracted when we
compare it with the ground truth. In some cases, the number of detected minutiae
points using Faster R-CNN is less as compared to the ground truth. An example
of such cases is depicted in Fig. 2b. It is evident from Fig. 2 that even though the
less number of minutiae points are detected in some cases, their locations and the
class labels (either bifurcation or ridge-end) are predicted correctly. This shows that
the precision value of the proposed technique is high. These results are significant
to show that the proposed technique has worked quite well and this can be further
improved in future to extract minutiae points in more challenging fingerprint images
such as noisy, wet, and dry fingerprint images.

5 Conclusions

In this work, a new technique has been proposed to extract minutiae points from
a fingerprint image using Faster R-CNN. Faster R-CNN, which is a combination
of RPN, and detection network, has a good capability in locating specific objects
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Ground Truth Detected Minutiae Detected MinutiaeGround Truth Ground Truth Detected Minutiae

(a)

Ground Truth Detected Minutiae Ground Truth Detected MinutiaeGround Truth Detected Minutiae

(b)

Fig. 2 Results of minutiae points detection using the proposed technique: a Sample images with
large number of detectedminutiae points, b Sample imageswith relatively lesser number of detected
minutiae points as compared to (a)

in a scene. We exploit it for the purpose of locating minutiae points in a fingerprint
imagewhere the specific objects (patches) being located are the regions having ridge-
end and the bifurcation points at its center in a fingerprint image. In the proposed
technique, the first feature map is computed from a fingerprint image by using Con-
vNet which is a part of RPN and further, is feed-forwarded to region proposal layer.
Region proposal layer takes feature map and ground truth as inputs and generates
region proposals which are subsequently feed-forwarded to detection network. RoI
pooling layer which is a part of detection network pools the region proposals into
feature vectors. By using these feature vectors, the types of minutiae points and the
bounding boxes around their locations are computed by the classifier and regressor
of the detection network. The proposed technique has been evaluated on IIT Kanpur
fingerprint database. The detected minutiae points in a fingerprint image are com-
pared with the ground truth. It has been observed that the proposed technique shows
encouraging performance in the detection of minutiae points.
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Genetic Algorithm-Based Optimization
of Clustering Data Points by Propagating
Probabilities

Shailja Dalmia, Aditya Sriram, and T. S. Ashwin

Abstract Clustering is among the pivotal elementary operations in the field of data
analysis. The efficiency of a clustering algorithm depends on a variety of factors
like initialization of cluster centers, shape of clusters, density of the dataset, and
complexity of the clustering mechanism. Previous work in clustering has managed
to achieve great results but at the expense of a trial and error approach to achieve
optimal values for user-defined parameters which have a huge bearing on the quality
of the clusters formed. In this work, we propose a solution that optimizes the user-
defined parameters for clustering algorithm called Probability Propagation (PP) by
harnessing the capabilities of Genetic Algorithm (GA). In order to overcome this
sensitivity in PP, a novel optimization technique is applied by obtaining the optimal
values of δ and s using GA by maximizing inter-cluster spread and minimizing intra-
cluster spread among the clusters being formed. The proposed method was found
to retrieve top chromosomes (bandwidth and s) with a similar number of clusters,
thus eliminating the sensitivity of user-defined parameters which is optimized by
using GA.
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1 Introduction

Over the past few decades, applications of clustering have tremendously grown in
varied fields as a precursor for data science use cases [4]. The classical k-means
clustering algorithm suffers from preliminary centers for clustering which has an
adverse effect on the quality of clusters and the speed of convergence. To solve the
issue of arbitrary initialization, Frey and Dueck [1] had put forth an effective method
for clustering called Affinity Propagation (AP). The flipside to this solution is the
complex nature of message passing instructions employed by this method.

Motivated by AP, the PP can pin-point clusters with both spherical and non-
spherical shapes. It starts with a stochastic matrix of probabilities and propagates
iteratively until a group of attractors become stable. The AP, PP, and Markov Clus-
tering (MCL) use message passing techniques but the rules of message passing is
much simpler in case of PP with the initialization of stochastic matrix being much
different in this case as compared to the other two. The quality of most cluster-
ing algorithms is deeply influenced by the initialization parameters which result in
different clustering results for varying parameters.

To this end, the PP algorithm does suffer from initialization of two user-defined
parameters, namely bandwidth and s which controls the neighbors set and shape
of clusters, respectively, and thus forms clusters based on the initialization of user-
defined parameters.

In order to address this drawback in PP algorithm, a novel optimization technique
based on Genetic Algorithm (GA) has been proposed.

2 Related Work

Even though clustering plays a pivotal role in the modern applications, very few
algorithms are in place for optimization of such clustering algorithms to retrieve
better clustering results which are insusceptible to any user-defined parameters. To
this end, Frey et al. [1] proposedAP clustering which does not necessitate the amount
of clusters to be recognized beforehand and has edge over other algorithms based
on efficiency and precision but is not appropriate for large-scale data clustering.
Dongen et al. [2] in their work were able to come up with MCL algorithm which is
a simulation of random flow in the graph, however, the overall process is very slow.
DBSCAN is a density-based clustering algorithm which classifies points in space as
core, non-core, and outliers points where high-density region cluster together with
neighboring points leaving outliers to lie in low-density region as different clusters
are formed, but appropriate combination of E radius andminPts cannot be determined
in case of large datasets [3].

Each of the existing clustering algorithms has their own shortcomings based on
different parameters. We aim to conceive optimization for PP clustering algorithm
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which identify non-spherical and spherical clusters with varying density by employ-
ing a message passing technique with optimal values of initialization parameters
using GA such that it can perform well on large as well as small datasets.

3 Methodology

The proposed optimization of PP algorithm is performed using GA to eliminate
the need for user-defined parameters like bandwidth and s and provide consistent
clustering results. The work by Gana et al. [4] was incorporated along with the
optimization of parameters to minimize intracluster distance and maximize inter-
cluster distance between data points.

Figure 1 represents the flow diagram of the proposed algorithm. The idea is to
evolve the parameter by selecting thefittest chromosomeswhichwould result in better
clustering results rather than varying parameters which would differ the results.

3.1 Optimized PP Algorithm with Genetic Algorithm

The PP algorithm [4] deals with two main user-defined parameters which governed
the cluster orientation in the space. The bandwidth parameter was used as a threshold
value between two data point. The other parameter called s determines the cluster
size. In our work, the proposed model is to optimize these user-defined parameters
by applying GAs [5] to find the ideal values of bandwidth and s such that an optimal
number of clusters can be found. GA begins with the initialization of population with
the selection of the fittest chromosomes accompanied by crossover and mutation.

Fig. 1 Flow diagram of GA-incorporated PP algorithm
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There are two main steps in the procedure of the application of GA:

1. Individual Representation In the proposed procedure, the chromosomes con-
sists of randomized real numbers to symbolize bandwidth and s. The length of
chromosomes is 2 (bandwidth and s). Initially, the population size is fixed and
random initialization of k (population size) chromosomes is done with 2*k genes
values of bandwidth and s.

2. Evaluation of Fitness The purpose of clustering is to rift data into clusters. A
resultant barrier should have below given assets:

• Homogeneity: Data going to the identical cluster should be as alike as probable.
• Heterogeneity: Data going to the dissimilar cluster should be as unlike as prob-
able.

3. The distinction of the data points to be in same or different clusters (as pointed
above) is done on the basis of the distance between them.

In the proposed method, the Davies–Bouldin (DB) index is used to evaluate the
ideality of the clusters which helps to calculate the fitness assessment of the discrete
chromosome. The techniques used below have been used in [13] to identify the
best number of clusters, however, in this work; a novel approach is proposed to
optimize the user-defined constraints through these techniques as will be explained
subsequently. The DB index is applied in [9, 10, 12] also to gauge the soundness of
the clusters. This is defined as the ratio of the sum of cluster scatter which is within
the separation between clusters described in [13]. Then the DB index is demarcated
as follows:

DB = 1

K

K∑

i=1

Ri,qt . (1)

Algorithm 1 Optimized PP Algorithm with GA
1: Randomize initialization of bandwidth parameter and s
2: Initialize the number_of_generations(NGEN), population_size, mutation_rate, and

crossover_rate.
3: while NGEN >0 do
4: for each bandwidth and s do
5: Obtain the clusters as specified in Algorithm 1.
6: Calculate the intercluster and intracluster distances [13]
7: Calculate the DB index as per Eq. (1)
8: Calculate fitness value as 1/DB and maximize it.
9: end for
10: Apply crossover and mutation operator over the chromosomes.
11: NGEN–
12: end while
13: select the top 10 fittest chromosomes
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A small value of DB index would be most fit, hence to minimize DB index 1/DBi

is maximized (DB index calculated for discrete i). Thus, maximum fitness value
chromosome is selected to perform crossover and mutation [6–8]. Crossover is two-
point crossover and a fixed crossover rate of 50% is applied to be performed on
highly fit chromosome.

To incorporate variety, mutation is performed after crossover for a fixed muta-
tion rate of 10%. After performing one iteration, the above procedure is recurred for
a static number of iterations after which highly fit chromosomes denote the user-
defined bandwidth and s upon which the PP algorithm is used to get an optimal
number of clusters. Algorithm 2 presents the optimized PP algorithm through GA.
Lines 1 and 2 deal with the initialization of various parameters. Lines 3–11 iterate
over the number of generations, and evaluate the fitness value for every chromo-
some. Line 10 applies the biological operators like crossover and mutation over the
chromosomes to incorporate variety and produce another set of chromosomes for
the next generation. Line 13 selects the top 10 fittest chromosomes, giving us the
optimal value of bandwidth and s.

3.2 Result and Analysis

This section deals with the detailed analysis of the PP algorithm along with GA
for a favorable number of clusters for the two datasets; the synthetic dataset which
consists of 40 data points with pre-defined class labels; and the other one is a real
dataset of 62 data points which is Alizadeh V2 dataset of genetic representation of
lung cancer cells. Results were recorded for triangle and uniform kernel functions
for both synthetic and real datasets. The results for the real dataset for triangular
kernel consist of the number of clusters we get for each of s = 1, 7, and 62. The
user-defined parameters here are the bandwidth parameter and s. The analysis shows
that the number of clusters we get for each of the s parameters are approximately the
same. Tables 1, 2, 3 and 4 summarize the results for the same.

The PP algorithm gives the number of clusters for given values of bandwidth
parameters and s values; now GA is applied for getting the best optimal values

Table 1 The time (T), number of clusters (K), and fitness values (FV) are recorded for given
parameters when applied to a synthetic dataset of 40 data points for Uniform kernel

δ K T FV δ K T FV δ K T FV

s = 1 s = 18 s = 27

6.3 25 0.285 0.066 6.3 25 0.265 0.066 6.3 25 0.281 0.0666

11.61 9 0.602 0.226 11.61 8 1.081 0.260 11.61 8 1.284 0.026

16.15 6 0.584 0.418 16.15 5 1.276 0.641 16.15 5 1.405 0.6425

30.38 3 0.439 0.426 30.38 2 1.274 0.019 30.38 2 1.235 0.019
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Table 2 The time (T), number of clusters (K), and fitness values are recorded for given parameters
when applied to a synthetic dataset of 40 data points for Triangle kernel

δ K T FV δ K T FV δ K T FV

s = 1 s = 18 s = 27

6.3 25 0.880 0.0666 6.3 25 0.757 0.0666 6.3 25 0.774 0.0666

11.61 11 0.681 0.1592 11.61 8 1.067 0.26 11.61 8 1.092 0.26

16.15 8 0.556 0.2479 16.15 5 1.304 0.6415 16.15 5 1.257 0.6415

30.38 3 0.423 0.8410 30.38 3 0.776 0.8410 30.38 3 0.982 0.8410

Table 3 The time (T), number of clusters (K), and fitness values (FV) are recorded for given
parameters when applied to Alizadeh-V2 dataset for Uniform kernel

δ K T FV δ K T FV δ K T FV

s = 1 s = 7 s = 62

0.4 49 1.47 0.0225 0.4 50 1.47 0.0224 0.4 50 1.48 0.0214

0.59 29 1.43 0.0478 0.59 29 1.49 0.0478 0.59 29 1.57 0.0478

0.67 11 1.96 0.7857 0.67 10 3.19 0.5882 0.67 10 3.31 0.5882

0.79 3 1.99 0.75 0.79 3 2.02 0.6 0.79 3 2.21 0.6

Table 4 The time (T), number of clusters (K), and fitness values (FV) are recorded for given
parameters when applied to Alizadeh-V2 dataset for Triangle kernel

δ K T FV δ K T FV δ K T FV

s = 1 s = 7 s = 62

0.4 49 1.44 0.0224 0.4 49 2.54 0.0224 0.4 49 2.56 0.0224

0.5 29 1.44 0.0485 0.59 29 2 0.0485 0.59 29 2 0.0485

0.67 12 2 0.6 0.67 10 4.26 0.6 0.67 10 4.31 0.6

0.79 3 1.43 0.75 0.79 3 2 0.75 0.79 3 2.23 0.75

Table 5 The top chromosomes for each population set are recorded which consist of bandwidth
parameter and s values. The number of clusters (K) derived from them are also recorded. The results
are recorded for 5, 10, and 15 number of generations with a mutation rate of 10% and crossover
rate of 50%

Number of Generations = 5 Number of Generations = 10 Number of Generations = 15

δ s K δ s K δ s K

0.856 2 36 1.03 3 35 0.156 2 33

0.157 3 38 0.12 3 36 0.488 3 35

0.157 3 40 1.26 3 35 0.488 3 36

1.273 3 39 0.129 3 34 0.488 3 35

1.273 3 40 0.129 3 36 0.156 2 33
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for bandwidth and s. The results for the same have been summarized in Table 5.
The results are recorded for the top five chromosomes for 5, 10, and 15 number
of generations. The population size has been fixed to ten chromosomes, with each
chromosome consisting of two genes—one for bandwidth parameter and other for s
value. The number of clusters (K) related to these values is also recorded which give
us the most favorable number of clusters for the derived s and bandwidth parameter
through GA.

4 Conclusion and Future Work

The PP algorithm performs better than other classical clustering algorithms like
AP. When compared to the time taken, PP algorithm performs at par with other
algorithms. PP algorithm does well for synthetic as well as for a sparse real dataset
for any shape of the cluster. As an improvement over the PP algorithm, a novel
approach is formulated to calculate the optimal number of clusters by harnessing
the capabilities of the GA. At the core of this approach, we formulate the fitness
function such that the inter-cluster distance between data points is reduced and intra-
cluster distance in between clusters is increased. The fitness value of each cluster
model is recorded and a maximizing fitness function is applied to it to record the
best bandwidth parameter and ‘s’ value for which an optimal number of clusters is
obtained. For further optimizations and comparisons, different genetic operators can
be explored other than mutation and crossover. Parallelizing techniques for reducing
the time complexity of the proposed GA-based PP algorithm can be incorporated,
which is currently O(n3).
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Detection of Malaria Parasites in Thin
Blood Smears Using CNN-Based
Approach

Sabyasachi Mukherjee, Srinjoy Chatterjee, Oishila Bandyopadhyay,
and Arindam Biswas

Abstract Early and accurate detection of malaria is the main key in controlling and
eradicating this deadly disease. An efficient automated tool for examining stained
blood slides can be very helpful in this regard. This paper proposes an approach
for automatic detection of malarial parasites from thin blood smears. Texture- and
intensity-based analyses are performed to detect the blood particles in the pre-
processed image. Extracted red blood cell particles are then sent to a convolutional
neural network for further probing. The proposed CNN architecture is trained with
a publicly available dataset along with some Giemsa-stained blood smear images
collected from a hospital. The performance of malaria detection process gives a
satisfactory dice score of 0.95.

Keywords Malaria detection · CNN · RBC segmentation · Thin blood smear

1 Introduction

Malaria is a worldwide threat that causes numerous deaths every year. Protozoan
parasites are responsible for malaria which are transmitted by the female Anopheles
mosquitoes. According to the World malaria report 2018, there were 219 million
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cases of the disease in 2017 which is very alarming. The main reason behind so high
mortality rate is the delay in disease detection as well as unavailability of life-saving
infrastructure. To defeat malaria completely, a combined approach of mosquito con-
trol measures along with early diagnosis and treatment are needed. Transmission
of the malaria parasite (plasmodium) takes place when anopheles feeds on human
blood. The main parasites that are responsible for malaria include P.falciparum,
P.malariae, P.vivax and P.ovlae. The infected blood cells change the appearance by
which malaria can be tracked by looking at the stained blood smear [7]. Four main
erythrocytic stages of malaria parasite affects the red blood cells (RBC), namely
ring, trophozoite, schizont and gametocyte. The changes caused by these stages to
the healthy RBC can be viewed by staining the diseased blood smear using Giemsa
method [12]. Depending on severity and stage of malaria, the appearance of RBCs
differ, but the main noticeable changes are the presence of parasite cytoplasm and
the colour difference of the affected cells from that of the healthy cells. As the goal
is to detect the presence of malaria, any discrepancies between expected texture and
colour inside RBC indicates the presence of parasite. As can be shown from Fig. 1a,
there is no contaminated RBC, while in Fig. 1b, malaria-affected RBCs can be seen
clearly.

The most challenging part of malaria detection is the minute study of the blood
smears by human experts. The process is very time-consuming and heavily dependent
upon the efficiency of the observer. It results in delay in disease diagnosis. There is
always a chance of human error in such observations. Moreover, in rural areas, the
availability of trained human resource for blood smear examination is very limited.
An automated process will reduce both diagnosis time and chance of human error.
This paper proposes a method that performs automated detection of malaria from
blood images of thin blood smears by using convolutional neural networks (CNN).
Before passing images to CNN, some pre-processing activities are performed to
achieve better accuracy and faster computation time.

(a) healthy blood smear (b) Malaria affected blood smear

Fig. 1 Images of thin blood smear
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2 Related works

Researchers are working towards automated detection of malaria for the past few
years. The main focus of malaria detection process is to separate the RBCs and
classify the parasites by applying the conventional image processing and machine
learning approaches. Somasekar et al. [15] proposed an efficient algorithm for con-
trast enhancement of the Giemsa-stained blood smears images using γ order image a
look-up-table. Khan et al. [3] havemade an effort for parasites using the unsupervised
k-means clustering using green channel of the original method. KNN classifier-based
identification of life cycle stages of malaria parasites has been proposed by Nanoti et
al. [8]. Reni et al. [13] suggested pre-processing of the image using morphological
operations. Plasmodium falciparum and plasmodium vivax parasite identification
is done by Penas et al. [11] using CNN architecture inception v3-based approach.
Mashor et al. [6] have applied K-means clustering-based analysis on Giemsa-stained
blood smear images to identify the presence of malaria parasites. A review of the
existing technologies with a detail discussion on segmentation of malaria parasite
alongwith feature extraction and classification of the parasite have been done in [12].
Object detection in thin blood smear by a three-stage method and Kalman filter has
been proposed by [10]. Malaria cell segmentation using HSI and CIE colour space
followed by a region-growing approach is done by [16]. Kaur et al. [2] suggested a
way of detecting edges of the malaria parasites present in blood smear images using
ant colony optimization algorithm.

3 Proposed Method

The proposed method consists of two main components. The first part is to pre-
process and segment the suspected RBC and the second part is to classify it as
healthy or parasitized. The complete flow of the process is shown in Fig. 2. The
process starts with intensity enhancement that helps in the subsequent phases. Seg-
mentation of RBCs is done using entropy and intensity profile-based analysis of the
images. These cells (RBC) are then extracted from the main image and resized. The
processed individual RBC images are sent to CNN for detecting the presence of
malaria parasites.

Intensity enhancement
wiener filter and
gaussian blurring

RBC segmentation
entropy analysis
and histogram
based thresholding

Detection of parasites
using CNN based approach

Input image

Pre-processing block Classification block

Fig. 2 Block diagram of the proposed approach
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3.1 Intensity Enhancement

Intensity enhancement and noise removal are important parts of the pre-processing
phase as the performance of successive steps depend heavily on it. In the initial part
of pre-processing phase, the noise removal is performed by applying Wiener filter
across 5 × 5 windows through all over the image. This step helps in the removal of
smaller variations along with the blood smear images. Gaussian blurring is done for
further smoothing of the image texture. If W (x, y) is a smaller window of the input
image and σ represents the standard deviation, then the resulting blurred image can
be given by

G(x, y) = 1

σ
√
2π

e−(x2+y2)2σ 2
(1)

3.2 RBC Segmentation

Malaria blood smear can be composed of three major objects—RBC, white blood
cell (WBC) and platelets. As themalaria parasite resides insideRBC, the primary aim
is to separate RBCs from the whole blood smear images. The general appearance
of the WBC is bluish colour with a much bigger size than the RBC. Number of
WBCs present in the blood smear is also much lesser than that of RBC. The same
observation can be made for platelets also but the size of platelets are smaller than
that of RBCs. Two different approaches for separating RBCs from the blood smear
images are taken. One way is based on textural features and the other is dependent on
the intensity profiles. Entropy is the measure of randomness. In case of images, low
entropy of an image segment implies smoothness with lesser intensity variations and
higher entropy indicates edge regions or regions with high-intensity fluctuations. If
I(x,y) pixel of the image has the intensity level k and P denotes the probability of
occurrence of that level in a pre-defined s × s window, then entropy H(w) is given
by

H(w) = −
s∑

i=1

P(ki )logP(ki ) (2)

It is evident that entropy values of the blood smear will be high only in areas
of background-blood object (RBC/WBC/platelet) transition and inside the blood
objects (in case of affected parasites). The higher entropy regions (with entropy
value HEntropy) are defined as areas with entropy levels having top three maximum
frequencies. The reason behind choosing top three levels is that there will be approx-
imately three main regions,
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• one for the background having the highest frequency
• second highest frequency level that represents the entropy variations inside RBCs
• third highest frequency that shows the blood particle-background border

Based on this concept, the image of the blood smear is analysed for higher entropy
regions. Setting the threshold for the third highest frequency level, it gives the approx-
imate locations of blood particles. As can be seen from Table 1 images (1, 2)(d), the
entropy histograms show that the choice of 3rd highest entropy levels is optimum
for segmenting blood particles. Along with the textural analysis, intensity profile-
based analysis is also done to segment RBCs from blood smear images. Table 1
images (1, 2)(f), the plot of intensity histograms give almost clear valley indicating
the region of intensities of blood particle that can be used for segmentation. The result
of pre-processing is shown in Table 1 images (1, 2), where (a) indicates original input
image, (b) shows the extracted green channel, (c) is the result of entropy analysis,
(d) gives entropy histogram, (e) is the result of entropy-based segmentation, (f) is the
intensity-level histogram and (g) shows the result of segmenting (b) using Otsu [9]
threshold, while (h) gives the extracted blood particles from the blood smear images.
If there exists any very large object whose size is much larger than the average RBC
size, then it is marked as WBC and it is not taken into account. The centroid of the
rest of the extracted components are computed and a square of a box of the size of
average RBC is drawn. These computed square areas are extracted from the original
blood smear image. These are the probable regions that need further probing.

3.3 Parasite Detection Using Convolutional Neural Network

Convolutional neural network (CNN) is a very efficient classification tool that uses
the concept of deep learning architecture. Consisting of various layers that perform
dedicated activities from convolution to data processing and downsizing, etc. CNN
offers very accurate predictions. Application of CNN iswide including speech recog-
nition, text recognition to image classification [4]. Classification of a very large set of
images can be done using CNN in a very efficient way. In the proposed approach, one
very simple CNN structure is built for malarial parasite detection in blood smears.
A brief discussion of various blocks that have been used in the proposed approach
is mentioned below.

– Input layer: This is the input image that is sent to CNN for classification or
training. In the proposed approach, the greyscale image is used for the input layer.

– Convolution layer: This is the main stage of a CNN. A set of filters are present in
this layer that attempts to find specific features in the image. This layer produces
a dot product between the input image and the set of filters to generate activa-
tion maps that will be used in the subsequent stages. In the proposed method,
convolution filters of 3 × 3 and 5 × 5 are being used.

– Activation function: The output generated in the convolution layer is passed to
the activation layer. The decision of firing a neuron is taken by the activation layer.
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Table 1 Result of pre-processing

(a) (b) (c)

(d)

(e) (f) (g) (h)

1.

(a) (b) (c)

(d)

(e) (f) (g) (h)

(a) (b) (c)

(d)

(e) (f) (g) (h)

2.

Examples are Relu, TanH, sigmoid, etc. Here, rectified linear unit (ReLU), is being
used four times. The working of this function is based on the idea of selecting the
maximum value (max (0, value))

– Pooling layer: This layer is responsible for the reduction of spatial image size
and lesser computation cost. In the proposed method, max pooling is used. Max
pooling selects the highest value in the defined neighbourhood ignoring the rest of
the values. The final output of this layer is solely dependent on the size and stride
of the pooling window size. Max pooling of 2 × 2 size with stride 2 is used in this
CNN architecture.
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Fig. 3 Proposed CNN architecture

– Fully connected layer: This layer is added as the last stage of CNN. These are
nothing but normal neural network layers that receives activation values from the
previous layers and use it as an array of values after flattening it. Here, two fully
connected layers are used to come to a final conclusion regarding the prediction
of disease.

The proposed CNN architecture is depicted in Fig. 3. The performance and accu-
racy of the classification are completely determined by the architecture of the CNN.
There are 11 layers comprising of convolution layers, Relu layer and pooling layers.
To come to a decision, two fully connected layers along with sigmoid function are
used.

In this work, two main datasets are used in combination for training and testing
purpose. The first one is from [5] and the second one is from https://lhncbc.nlm.nih.
gov/publication/pub9932. The images retrieved from the first one is segmented and
the individual RBCs are extracted for training and testing purpose. Moreover, the
data from second one, already a collection of individual RBCs labelled as healthy
or diseased, is used in the training phase. The whole dataset is separated into 80%

(a) Proposed model accuracy during training and testing (b) Proposed model loss during training and testing

Fig. 4 Accuracy and loss of the CNN model

https://lhncbc.nlm.nih.gov/publication/pub9932
https://lhncbc.nlm.nih.gov/publication/pub9932


26 S. Mukherjee et al.

images for training purpose and the rest 20% images for testing. A ten-fold cross-
validation method is applied on the dataset for evaluation of the proposed CNN
model. As shown in Fig. 4a, b, the accuracy of the train and test both are high and the
loss amount is also very minimum with the proposed CNN architecture. With this
setup, a dice score of 0.95 is obtained using this CNN-based approach for malaria
parasite detection.

4 Conclusion and Discussion

This paper attempts to classify thin blood smears based on the appearance of malaria
parasites. Basic image pre-processing followed by custom CNN-based classification
gives dice score of 0.95 success rate in the detection of malaria-affected blood smear
images. In future, the proposed approach canbe extended for classification ofmalarial
parasites erythrocytic stages that will give deeper insight into the stage of the affected
patient that will be helpful for planning treatment in a much better way. Another
categorization of parasite type, whether falciparum or vivax, etc, may be made in
future based on this analysis by examining the appearance of the detected parasites.
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A Deep Learning Approach for
Predicting Air Pollution in Smart Cities

Banani Ghose and Zeenat Rehena

Abstract In recent times, air pollution has been increased in many folds due to
drastic urbanization, industrial advancement, emission from the vehicles, and unre-
stricted destruction of the greenery in smart cities. Air pollution is having adverse
side effects, which may be of long term or of short term, but in any way, air pollution
is a threat to all ages of human beings. In many cases, it is out of the scope of an
individual to solve the problem as a whole, but if it is possible to predict the air
pollution beforehand, then many times the worst air pollution effects can be avoided.
Using the predicted result, the environment management authorities can make some
preventive decisions, which in turn, will help the common citizens to get rid of the
problem. In this paper, a novel deep learning model has been proposed to forecast
the pollution. The comparison among the existing state-of-the-art methods is also
done here. Experimental results shown in this work claim that the proposed work
outperforms other methods with respect to accuracy and stability.

Keywords Smart city · Deep learning · Air pollution · Prediction · LSTM

1 Introduction

Urbanization, industrialization, misutilization, etc., of fuel are the key issues which
are causing air pollution in smart cities. Air pollution may be of two types, outdoor
air pollution and indoor air pollution [1]. Both are having a severe impact on human
lives. Air pollution affects the citizens of smart cities. The effect may be of two
types: (i) Long-term effect and (ii) Short-term effect [1]. Heart diseases, lung cancer,
and respiratory diseases such as emphysema are long-term effects. The citizens may
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have brain, kidney, liver, or nervous system damage due to severe air pollution.
The newborn may have some permanent birth defects. On the other hand, several
discomforts are observed among human lives which may be of short term, which are
caused by the effect of air pollution.

In the context-aware approach, many sensors are installed in the environment for
capturing the air samples. These sensors are the context providers. When the air
samples are collected from the air, then it is to be analyzed and the Air Quality Index
(AQI) is calculated. Observing the AQI, a conclusion is to be framed out, whether
the air is polluted or not. According to that analysis, the alert may be generated. So,
if the citizens are informed about air pollution in advance, then they may plan to
avoid the pollution prone area. Moreover, some regulatory bodies may take some
measuring steps to prevent pollution. Here comes the importance of the prediction.
If the future can be predicted, then many times using context-aware computing the
alert can be generated to make the recipient aware of the fact.

There are many models available through which the forecasting may be done.
Artificial neural network (ANN) has some models such as Backpropagation neural
network model [2], Recurrent neural network model [3], and so on. Among all these,
RNN offers so many advantages that are far better than any statistical models in
terms of performance. RNN delivers forecasting results more accurately and more
efficiently than the other existing models [4, 5]. For forecasting time series data,
many RNN models are proposed [6, 7]. RNN also sufferers from vanishing gradient
problem and thus it cannot be worked properly.

To overcome the drawbacks of RNN, Long Short-Term Memory (LSTM) was
introduced. Shallow LSTM is inefficient to handle nonlinear and Long-term time
series data, whereas deep LSTM with the stacking of multiple layers shows a better
result compared to shallow LSTM [8, 9]. Deep LSTMwith a stack of multiple layers
can manage long-term data even if they are nonlinear.

In this paper, deep learning-based model by stacking of multiple LSTM layers
are proposed, and that is named after as DLSTM (Deep Long Short-Term Mem-
ory) model. In this work, a performance comparison among the already existing
models such as Support Vector Regression (SVR) [10], Autoregressive integrated
moving average (ARIMA) [11], and shallow LSTM is also done, which shows that
the DLSTM model is giving a better result with more accuracy.

2 Literature Review

To formulate this work, a number of related papers are consulted. Some of them
have predicted one of the pollutants of the sample air, some of them have predicted
by proposing various models. In [12], it’s been seen that the transboundary prob-
lem, which is relevant for the coastal area or island areas is addressed. The authors
had suggested a convolution recurrent neural network (CRNN) for considering the
spatial–temporal feature of the air sample of those areas. Among so many agents
in the urban air, some of the agents are mainly responsible for the unhealthy air in
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smart cities. PM2.5 is one of the polluting agents. Deep Learning approach is used
to build an LSTM model to overcome the air pollution problem is proposed in [13].
A comparative study is also carried out with SVR here. To forecast the PM2.5 in
air, a model is proposed using LSTM using 30 days’ time series dataset in [14]. The
authors compared linear regression and recurrent neural network models for the per-
formance evaluation of LSTM. In [15], air pollution is being predicted beforehand
by proposing a bidirectional LSTM model. In [16], the air pollutants are quantified
using a forward deep learning approach. The future air pollution prediction model
using deep learning-based LSTM is also proposed in [17]. They have also com-
pared their prediction with the data available in the Central Pollution Control Board
(CPCB). In [18], authors have also proposed a deep learning-based model to predict
air pollution in South Korea using LSTM.

3 Proposed Prediction Method

The detail description of the proposed method is presented in this section. The basic
building blocks of the proposed model are LSTM recurrent neural network. LSTMs
have overcome the shortfall of the standard RNNs. In this work, the standard and
basic LSTM architecture are deployed. The basic LSTM architecture is depicted in
Fig. 1. The LSTM has cell and gates. The three gates are input gate, output gate, and
forget gate, which regulates the flow of information to and from the cell.

3.1 Deep Long Short-Term Memory

It has been seen [19] that the more the number of hidden layers, the better will be the
performance of the deep learning model. Therefore, in this work, a DLSTMmethod
has been proposed. It is constructed by stacking of multiple LSTM layers as shown
in the Fig. 2. Here, the output of one layer is treated as the input of the next layer.

Fig. 1 Basic LSTM
architecture
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Fig. 2 DLSTM architecture

In this work, the aim is to forecast the AQI at the (t + 1) timestamp based on the
previous n number of timestamps.

Here, xt , xt−1, …, xt−n are taken as the input of the DLSTM model and yt+1 is
the output of the proposed model. Here, each input xi is itself a vector of length k,
xi = {xi,1, xi,2, . . . , xi,k}.

3.2 Data Collection

For this work of prediction, the proposed model (DLSTM) is to be trained with some
historical data. The dataset which is used in the experiment is a historical time series
data [20]. The dataset comprising of the concentration of five pollutants, like PM2.5,
PM10, NO2, O3, and SO2 for a period of 10 years, the data is collected in each hour.
The dataset has a concentration of five pollutants from 01 January 2008, 00:00 h to
31 December 2018, 23:00 h. The dataset can be termed as multivariate time series
data.

3.3 AQI Calculation

AQI calculation is done based on the historical dataset [21].

• The concentration of the pollutants are the Input dataset, let it be x
• AQI of the next hour is the target, i.e., it is to be evaluated, let it be y
• So, the system is now in a position, such that, the system will be trained with the
concentration of the pollutants at the time instance t and the proposed model will
predict the AQI for the time interval (t + 1)
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3.4 Auto Correlation Coefficient Calculation

Auto correlation coefficient is evaluated to determine the degree of correlation within
the dataset over a period of time. It is generally used to observe if there is a repetition
in the pattern over the period of time. Autocorrelation coefficient is used in the
perspective to determine whether there is any influence of the historical data on the
current data.

• For the time slice xt , if the correlation coefficient between xt and xt−k is determined,
then that will be the autocorrelation coefficientwith an interval k of xt . The formula
for autocorrelation coefficient is as follows:

ρ = Cov(xt , xt−1)√
Var(xt )Var(xt−k)

; k = 1, 2, . . . (1)

Where, Cov(xt , xt−k) is autocovariance, Var(xt ) and Var(xt−k) are variances.

4 Experimental Environment

Theflowchart of the experimental process is displayed in Fig. 3. Python programming
language is used for all the experiments. Here, the number of LSTM layers is set
to 4. The so f tmax activation function is used over here. Moreover, each layer is
expanded by up to n numbers. In this model, the variable input batch sizes are used.
ADAM optimizer is used in this proposed work. The window stride length is kept as
1 h. The broad steps mentioned in Fig. 3 are as follows:

Fig. 3 Workflow structure
of DLSTM model
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4.1 Data Collection

The dataset is collected from London Datastore website [20]. x is a vector of length
k, where k is the number of pollutants and y is the AQI to be predicted. Based on the
previous n hours’ data, the prediction of AQI of the (n + 1)th hour is done in this
work. Here, the dataset has two parts, one is the training data, which is consisting of
the 80% of the total dataset and, second is, the testing dataset, which is 20% of the
collected dataset.

4.2 Data Preprocessing

Data preprocessing is very important for any prediction-related works. In this pro-
posed model, the collected dataset is to be preprocessed. The first phase of this
preprocessing stage involves data cleaning. In this phase, data cleaning is done to
add themissing data and to discard any noisy data. Here, themissing data are replaced
by the previously recorded data. The second phase of data preprocessing involves
integration, as data is collected from different sources. Lastly, the normalization
phase. Here, the data are so normalized that the values lie into the range of [0, 1].

4.3 Training Methodology

The proposed DLSTMmodel is trained with the 24 h data to make the prediction for
the 25th hour. Here, ADAM (Adaptive Moment Estimation) optimizer is used to get
information about network parameters. To deal with the overfitting problem, here
k − f old cross-validation is used to marking the stopping condition of the training
process.

To train the network, the batch size is changed from time to time. The batch size
varied among 4, 8, 12, 16, and 20 as shown in Table 2.

5 Results and Discussion

In this work, the air sample is collected for a long 10 years. It includes the concentra-
tion of various pollutants. The dataset consists of the concentration of PM2.5, PM10,
NO2, O3, and SO2 from 01 January 2008, 00:00 h to 31 December 2018, 23:00 h.
Here, the DLSTM model is trained with the dataset for 24 h and the prediction for
the 25th hour is aimed. In this work, the autocorrelation of AQI in every hour is
calculated. It is observed in Fig. 4 that the pattern of the graph is following the same
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Fig. 4 Autocorrelation
coefficient of hourly AQI

Table 1 Formula used for estimating errors

Error Formula Error Formula

Error at time t et = yt − ŷt MSE 1
n

∑n
t=1 e

2
t

RMSE
√

1
n
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2
t MAE 1
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Where yt is actual Value and ŷt is
predicted

value at the
timestamp t

Table 2 DLSTM performance evaluation in different batch sizes and epochs

Batch size Epoch MSE RMSE MAE MSE RMSE MAE

4 110 0.0064 0.0800 0.0595 0.0051 0.0717 0.0532

8 201 0.0062 0.0787 0.0576 0.0050 0.0711 0.0526

12 297 0.0058 0.0761 0.0514 0.0048 0.0693 0.0491

16 142 0.0047 0.0685 0.0416 0.0020 0.0451 0.2416

20 197 0.0049 0.0700 0.0421 0.0021 0.0461 0.0272

pattern in every 24 h. That is the reason why the concentration of the air pollutants
for the 24 h is taken as the input of the model to predict the next hours’ AQI.

In this paper, the proposed model is compared with the existing baseline mod-
els, such as SVR, ARIMA, Stacked-RNN, and LSTM. Here, to compare the effec-
tiveness of the proposed model, the Mean Square Error(MSE), Root Mean Square
Error(RMSE), and Mean Absolute Error(MAE) are used. Formula to calculate these
errors is presented in Table 1.

The performance of DLSTM model is presented in Table 2 with the different
training batch sizes. It is clearly observed from the table, theDLSTMmodel produces
low training and testing errors for all the batch sizes. When the training batch size
is 16 the proposed model exhibits its best performance compared to other training
bach sizes.

Observing the output of the proposed model in Table 3, it can be easily concluded
that, the model is outperforming the other baseline prediction models.



36 B. Ghose and Z. Rehena

Table 3 Performance evaluation of existing model and proposed DLSTM model

Model MSE RMSE MAE

SVR 0.0053877 0.0734000 0.0569350

ARIMA 0.0020598 0.0453850 0.0301014

DLSTM 0.0020416 0.0451840 0.0241671

RNN 0.0031743 0.0563400 0.0336400

LSTM 0.0028975 0.0538280 0.0308200

(a) ARIMA (b) DLSTM

(c) LSTM (d) SVR

Fig. 5 Comparison of actual and predicted AQI of different models. a ARIMAModel, b DLSTM
Model c Shallow LSTM Model and d SVR Model

In Fig. 5, the prediction result of every baseline models, like ARIMA, shallow
LSTM and SVR are shown in (a), (c), and (d), respectively, whereas in (b), the
graphical representation of the prediction of the proposed model DLSTM is shown.
From these graphs, it is clearly visible that, the proposedDLSTMmodel outperforms
the older models.

Observing the experimental result in Fig. 4, it can be vividly said that the hourly
AQI is repeating the similar pattern in a fixed time interval. That means, knowing
the past AQI pattern, what should be the AQI of the next hours that can be easily
predicted.
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6 Conclusion

Air pollution is a challenge which can be addressed in many ways, but, if the possi-
bility of air pollution can be sensed beforehand, the ill effects of air pollution can be
avoided in many cases. There lies that importance of prediction. The context-aware
computing approach to handle air pollution in smart cities is a work which will be
helpful in the day to day lives of the citizens. In the DLSTM model, it is shown that
the prediction of the possibility of air pollution can be efficiently forecasted. The
autocorrelation coefficient will also help in predicting the AQI by having knowledge
of the previous hours’ AQI. Using these results, in future, the alert generation will
be easier in context aware computing approach for handling air pollution. In future,
the prediction may be refined by making the model more sensible and efficient.
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Structural Design of Convolutional
Neural Network-Based Steganalysis

Pratap Chandra Mandal

Abstract A tailored Convolutional Neural Network (CNN) model aimed at ste-
ganalysis has been designed. The model is able to acquire the complicated depen-
dencies which are necessary for steganalysis. The usefulness of the model has been
demonstrated on the state-of-the-art method S-UNIWARD at 0.4 bpp. The model
achieves F1 score equal to 0.849 and detection error 0.152 which are comparable
performance.

Keywords Steganalysis · Features · CNN · S-UNIWARD

1 Introduction

Steganalysis [2, 10] has been widely used since last 20 years. It is used to identify the
existence of unseen data within a cover medium. Steganalysis can be performed in
two stages: feature extraction followed by classification. In Deep learning (DL), fea-
ture representations can be learned automatically. CNNs [3, 4] have got remarkable
success in computer vision in last few years.

Krizhevsky et al. [3] have designed a CNN on the subsets of ImageNet dataset
and achieved the best result during that time. The network has five convolutional
layers (CONV) with three fully connected (FC) layers. By the introduction of sev-
eral unusual new features, it reduces the training time and improves its performance.
Rectified Linear Unit (ReLU) as an activation function trains the model several
times faster than tanh units. Tan and Li [5] have presented a nine-layer CNN-
centred blind steganalyzer. The model showed better performance than SPAM. It
was the beginning of the adventure in DL based steganalysis. A few months later,
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Qian et al. [4] have proposed a new model, called Gaussian Neuron Convolu-
tional Neural Network model which learns feature representations using several
CONV layer. Results showed the usefulness of their model on three algorithms: S-
UNIWARD,WOWandHUGO. It has achieved comparable performance with SRM.
Layer 5 (last layer) provides only 256 features. But in SRM, dimension of the feature
vector provides 34671. Xu et al. [8] designed a CNN containing five CONV layers
with an FC layer. Experimental results confirmed that the performance of their design
is as good as the performance of SRM. DL steganalyzers not only became deeper
but also complex afterwards. Paper [7] showed the extended work of Xu et al. [8].
Results are comparable to SRM. Paper [9] presented a model with a truncated linear
unit for boosting detection process further. The efficiency of their CNN model was
further enhanced by introducing the selection channel. Paper [10] have used quanti-
zation and truncation into DL for the first time. It has proved their superiority over
traditional JPEG steganalytic features. Wu et al. [6] have recommended a relatively
bigger deep CNN (DRN) than existing CNNs. Its accuracy is quite higher than the
other models. Paper [11] have proposed a CNNmodel for detection of steganography
in larger JPEG images. Experimental results showed the better revealing correctness
and faster convergence rate for large images.

1.1 Motivation

Steganalysis can be performed in two stages: feature extraction followed by clas-
sification. In traditional steganalysis, these two stages are not joined, simultaneous
optimization is not possible. So, the supervision of classification can not be used to
acquire convenient data that we get from the feature extraction stage.

To overcome the problem just mentioned, feature representations can be learned
as a replacement of planning for hand-crafted features. In deep learning, feature
representations can be learned automatically. CNNs have got remarkable successes
in steganalysis in recent years. For this reason, we are interested in steganalysis using
CNNs.

1.2 The Structure of Prevailing Steganalysis Methods

Traditional steganalysis is presented at the top of Fig. 1. The design of our model
is shown below. The model comprises three portions: an image processing, multiple
CONV layerswithmultiple FC layers.Here, the parameters are learned automatically
in comparison to the traditional methods.

We have prepared the remaining part of the paper in this way: proposed work is
described in Sect. 2. Section 3 explains results and discussions. Section 4 describes
the conclusion and future research opportunity.
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Fig. 1 Design of traditional steganalysis methods [9] with its similar CNNs

Fig. 2 Architecture of the proposed Model

2 Proposed Work

Here, a CNN-based steganalysis model in the spatial domain has been presented. At
first, the model is trained using cover and stego images, then unknown images are
checked for deciding the presence of the hidden information.

The model uses the input images of size 256× 256. It comprises a pre-processing
block, feature learning block and an FC block as shown in Fig. 2. Feature learning
block consists of four CONV, whereas FC block consists of three dense layers. The
model generates a probability distribution on two classes: cover and stego. The pre-
processing block [1] is used for filtering the input images by four high-pass filters
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Fig. 3 Max pooling
operation

Fig. 4 Leaky ReLU
activation function

for extracting the noise component residuals. The first CONV layer is formed with
eight neurons. The second CONV layer is formed by ten neurons. Each neuron uses
5 × 5 kernel . Here, padding and stride set to 2. The kernel size has been set to 3
× 3 with stride 2 and padding 1 in third and fourth CONV layers that consist of 20
neurons.

A Batch Normalization (BN) layer is used for improving convergence of the
network. Max pooling has been provided after a BN layer as shown in Fig. 3.

The LeaKy ReLU activation function (Fig. 4) is used for all activation layers
because of its fast gradient computation. The function is as follows:

f (y) =
{
y, y ≥ 0
0.1 × y, y < 0

(1)

At last, pulled out features are fed into the binary classification block which
comprises three FC layers. First, two layers composed of 256 neurons to prepare
flattened data to the softmax function which is used to predict the probabilities
of stego and cover images. The last layer has two neurons that correspond to the
networks output classes. The threshold set over here is 0.6.
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3 Results and Discussions

We have used cropped BOSSBase database comprising of 10,000 pairs (cover and
stego) of greyscale images of size 256 × 256. The stego images are obtained with
S-UNIWARD at 0.4 bpp. Nvidia GeForce 1080TI GPU has been used for the exper-
imental set-up. From 20,000 images, 4,000 images were used for testing purpose.
Leftover 8,000 pairs were used for training and validation. We have selected 6,000
pairs as a training set.

To fully evaluate the effectiveness of a model, we must examine both recall and
precision, where

Recall = #True Positive

#True Positive + #False Negative

Precision = #True Positive

#True Positive + #False Positive

Confusion matrix of the model is shown in Table 1.
Here,

Recall = 1708

1708 + 0292
= 0.854

Precision = 1708

1708 + 0316
= 0.8438

F1 score of themodel = 2 × Recall × Precision

Recall + Pecision
= 0.8488

The model shows a very competitive result.
Performance of the model can be evaluated by average detection error rate De as

follows:

De = 1

2
(Dmd + D f a) (2)

where Dmd states the missed detection rate and D f a states the false alert rate.

Table 1 Confusion matrix of the proposed model

Predicted: No Predicted: Yes Total

Actual: No 1684 0316 2000

Actual: Yes 0292 1708 2000

Total 1976 2024 4000
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Table 2 Comparison of average detection error rate with state-of-the-art models at 0.4 bpp

Steganalytic methods S-UNIWARD (%)

Qian’s network [4] 30.9

Xu’s network [8] 19.7

Zhang’s network [12] 15.3

Wu’s network [6] 06.3

Proposed model 15.2

Table 2 demonstrates the performance comparison of our model with four CNN
models. It shows that our model is superior than three other models. Only the fourth
model shows better result than ours, but it requires much higher computaional time
due to its deep architecture.

4 Conclusion and Future Research Opportunity

We have designed a tailored CNN model aimed at steganalysis. Strength of the
model comes by using four high-pass filters for residual noise extraction. Precision
and recall values are 0.843 and 0.854. F1 score is equal to 0.849 which is comparable
to other CNN models. Detection error of our model is better than three other CNN
models.

The model can be extended to identify the hidden information in the stego image
which at present is a research problem and a lot of work has been done to extract the
information.
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Sarcasm Detection of Media Text Using
Deep Neural Networks

Omkar Ajnadkar

Abstract Sarcasm detection in media text is a binary classification task where text
can be either written straightly or sarcastically (with irony) where the intendedmean-
ing is the opposite of what is seemingly expressed. Performing sarcasm detection can
be very useful in improving the performance of sentimental analysis where existing
models fail to identify sarcasm at all. We examine the use of deep neural networks in
this paper to detect the sarcasm in social media text(specifically Twitter data) as well
as news headlines and compare the results. Results show that deep neural networks
with the inclusion of word embeddings, bidirectional LSTM’s and convolutional
networks achieve better accuracy of around 88 percent for sarcasm detection.

Keywords Sarcasm · Deep learning ·Word embedding · Text classification ·
Attention

1 Introduction

The Free Dictionary [1] defines sarcasm as the cutting, often ironic remark intended
to express contempt or ridicule. If we thought in the context of sentimental analysis,
a sarcastic sentence which has positive visual sentiment is the negative sentiment in
actual. Many times even humans find it difficult to judge the sentence as a sarcastic
at first glance. This problem leads to automatic sarcasm detection as an essential
research topic to predict sentiment in the text with perfection.

If we see the posts by people social media text, we can find many instances of
sarcastic text. For example, the sentence “I guess lots of people are being hacked.
Thank you, Facebook for being so secure.,” Would be detected as positive sentiment
by many automatic sentiment analyzer models due to the phrase like ‘thank you’
in the sentence. On the other hand, this sentence is expressed sarcastically with the
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negative sentiment implied by using irony. We try to detect such examples using our
deep learning-based models.

For our experiments, we are using Twitter data as one of the datasets as it is easy
to collect using Twitter APIs and is widely available for text analysis. Another reason
for using Twitter data is that it is easier to detect sarcasm in short sentences (due to
character limitations of Twitter) than on the news items or blog posts. We are using
news headlines dataset to compare how the language structure affects the sarcasm
detection accuracy. We used this already available datasets for the sarcasm detection
for comparing our models score with the existing models.

Existing works on sarcasm detection are aimed mainly at using unigrams and
n-grams along with semi-supervised and unsupervised methods which are based
on sentimental features. Instead, we are proposing the use of deep neural networks
(DNN)which learns the features automatically from the data and use them to classify
text as sarcastic and non-sarcastic.

Therefore the main contributions of this paper are as follows:

– We propose an efficient way to detect sarcasm on Twitter data as well as news
headlines using deep neural networks (i.e., whether the text is sarcastic or not) to
enhance the accuracy of sentiment analysis.

– We compare different neural network models to see the advantages and disadvan-
tages of various architectures.

– Finally, we compare our models with existing models to check the performance
of the proposed deep learning model against existing models.

The remainder of this paper is structured as follows: Sect. 2 describes some
previous related work regarding sarcasm detection. Section 3 details our proposed
approach for the detection of sarcasm. In Sect. 4, we discuss the obtained experimen-
tal results using our approach and compare them with existing results, and Sect. 5
concludes this work.

2 Related Work

Automated sarcasmdetection is the next step in the analysis of a large amount of social
media data, with sentiment analysis mainly discovered as the primary aim in the last
few years. Sarcasm detection is an important step in sentiment analysis, considering
its difficulty to analyze in the text. Previous works can be classified mainly in two
categories: Rule and Feature-based approaches and deep learning-based approaches.

2.1 Rule and Feature-Based Approaches

Rule-based approaches predict sarcasm based on specific rules or patterns in the
text. Maynard and Greenwood [2] propose that leading indicator of sarcasm in the
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Twitter text is hashtags. Authors, most of the times, use hashtags to indicate sarcasm
and difference in the sentiment of the hashtag, and the rest of the tweet indicates
sarcasm. Riloff et al. [3] state sarcasm to be a contrast to positive sentiment words
and negative situations. Ptáček et al. [4] worked on Twitter datasets in Czech and
English languages for sarcasm detection. They used maximum entropy followed by
SVMclassifier to achieve F1-score of 0.946 on balanced and 0.924 on the imbalanced
dataset. Joshi et al. [5] use multiple features comprising lexical, pragmatics, implicit,
and explicit context incongruity. In the specific case, they include relevant features
to detect the sentimental expectations in the sentence. For implicit incongruity, they
generalize Riloff et al. [3] by identifying verb–noun phrases containing contrast in
both polarities. In the feature-based approach, the focus is on the text-based features
such as punctuations and sarcastic patterns inTsur et al. [6];N-grams, emotionmarks,
and intensifiers in Liebrecht et al. [7]; Unigrams, Implicit and explicit incongruity-
based features in Joshi et al. [5].

2.2 Deep Learning-Based Approaches

Deep learning-based approaches have become quite popular in recent years due
to a large amount of data available for sarcasm detection. The similarity between
word embeddings is used for sarcasm detection in Joshi et al. [8]. The combination
of the convolutional neural network and LSTM followed by a DNN is used by
Ghosh and Veale [9]. The sentiment, emotion, and personality-based features are
extracted to detect sarcasm using a pre-trained convolutional neural network in Poria
et al. [10]. They used features extracted by CNN to perform classification by SVM
on three different datasets. We also followed a deep learning-based approach due to
the following reasons:

– Deep Neural networks can learn and model non-linear and complex relationships.
– Deep Neural networks can generalize better than traditional machine learning
models after learning from data and predicting for unseen data.

– Combination of various deep learning-based approaches like CNNs, RNNs, and
LSTMs have been successful in many NLP tasks in recent years. as well.

3 The Proposed Framework

3.1 Data

For training and testing our approach, we used the following two datasets obtained
from separate sources.
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Table 1 Twitter dataset used for the paper

Train set Test set

Sarcastic Non-sarcastic Sarcastic Non-sarcastic

24,453 26,736 1,419 2,323

51,189 3,742

Table 2 News headlines dataset used for the paper

Train set Test set

Sarcastic Non-sarcastic Sarcastic Non-sarcastic

9,379 11,988 2,345 2,997

21,367 5,342

SocialMedia Text (Twitter)This dataset is collected byAniruddha Ghosh and Tony
Veale for the paper [11]. This dataset is split into two parts: the train set and the test
set. Train set which contains 51,189 tweets out of which 24,453 are sarcastic and
remaining 26,736 are non-sarcastic. The test set contains 3,742 tweets out of which
1,149 are sarcastic and remaining 2,323 are non-sarcastic (Table 1).

News Headlines As Twitter datasets face limitations in natural language process-
ing tasks as noise is present due to informal style of writing, this News Headlines
dataset [12] for Sarcasm Detection is collected from two news website. The Onion
aims at producing sarcastic versions of current events, so all the headlines fromNews
in Brief and News in Photos categories (which are sarcastic) are collected from it.
Real (and non-sarcastic) news headlines are collected from HuffPost. As the dataset
is not split explicitly into train and test set, we distribute the data into an 80:20 ratio
for the experimentation purpose. Train set which contains 21,367 headlines out of
which 11,988 are non-sarcastic and remaining 9,379 are sarcastic. The test set con-
tains 5,342 headlines out of which 2,997 are non-sarcastic and remaining 2,345 are
sarcastic (Table 2).

We used only training set data to train our model and test it on test sets of the
dataset separately to check the performance of our proposed model.

3.2 Data Preprocessing

Data obtained from Twitter is noisy due to many reasons such as text shortcuts
used by people, spelling mistakes done while quick typing and grammatical errors.
This informal style of writing is quite different from news headlines dataset, where
grammatical and spelling checking is done before publishing the news and thus
making it less prone to errors. This is why preprocessing is an essential step before
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applying any furthermodel for sarcasm prediction.We perform several steps in series
on the Twitter dataset to make data clean for our model as follows:

– HTML Decoding
– UTF-8 Byte Order Marking
– Removing ‘@’ Mentions
– Removal of URL Links
– Removal of Hashtag symbols keeping words
– Expanding the Contracted Words
– Spelling Correction

3.3 Feature Extraction

After the pre-processing, it is essential to analyze the data using the hand-crafted
features obtained from the text. We mainly focused on the features to get a basic
understanding of the text and how various parameters change for sarcastic and non-
sarcastic text. We use these features along with features extracted from the attention
layer as input to the convolutional layer.

Text Based FeaturesText-based features are the features which are directly based on
the grammatical structure of the sentence. These features include punctuation sym-
bols and various part of speech tags of words. Specifically, we derived the following
features from the text:

– Count of nouns and verbs
– Count of punctuation symbols—Question marks and exclamation marks
– Count of uppercase words
– Count of interjections

Emotion-Based Features The emotion or the sentiment of the words give us more
context about the text. Hence, we extracted some features based on the sentiment
and intensifiers present in the text:

– Sentiment score of text
– Positive and negative words count
– Positive and negative intensifiers count
– Count of total polarity flips in a sentence
– Bigrams and trigrams in a sentence related to sarcasm class

3.4 Proposed Deep Neural Network

Theproposeddeepneural network contains nine different layers: the input layer,word
embedding layer, bidirectional LSTM layer, bidirectional CuDNNLSTM layer, the



54 O. Ajnadkar

Fig. 1 Proposed Model
Architecture

Attention layer, 1D convolutional layer, the dropout layer, max, and average pooling
layers, fully connected dense layer, activation layer, and final representation layer.
Figure 1 shows the architecture of the proposed model. The proposed model uses
text and emotion-based features along with features extracted from layers of the deep
neural network based on the attention mechanism to make it more generalized and
robust.

Input Layer After performing all the pre-processing steps mentioned in earlier
sections, the text is fed into the input layer. This layer is the starting point of the
model and is connected to the next embedding layer, which builds embeddings for
words in the text using the pre-trained word embeddings.

Embedding Layer Previous approaches to natural language processing problems
were to create one-hot encoded vectors which are high-dimensional and sparse.
Word embeddings are used to avoid this computationally inefficient approach. In
this paper, to build word embeddings, we use pre-trained GloVe (Global Vectors
for Word Representation) [13] embeddings of 300 dimensions which are trained on
Wikipedia 2014 and Gigaword 5 dataset. To create word embeddings for our dataset,
corresponding to the small size, we first limited our vocabulary to 10,000 words.
As the texts are of different length, the text with the maximum length in the given
dataset used as the threshold. This creates zero paddings to all the texts which are
smaller than the threshold value, and all the texts finally have a length equal to the
threshold value. When attached with the previous input layer, this layer creates a 2D
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matrix of size (threshold, 300) for each text input from the pre-trained embeddings.
This matrix is finally given as input to the bidirectional LSTM layer.

Bidirectional LSTM Layer LSTM (Long Short-TermMemory) is a special type of
Recurrent Neural Networks (RNN) which are capable of learning long-term depen-
dencies. All RNNs have the form of a chain of repeating modules of neural network.
This repeating module in LSTM contains three gates, which are a way to let informa-
tion through the LSTMmodule optionally. The input gate it , forget gate ft , and output
gate ot . The LSTM cell takes the cell input state xt and the previous cell output state
ct−1 as input and output the cell output state ct . The bidirectional LSTMs involves
duplicating the first LSTM layer in the network, which creates another layer side by
side. It then provides the reverse copy in the input sequence to the second LSTM
layer, which provides additional context to the network [14]. This both outputs then
gets concatenated to pass to the next layer.

Bidirectional CuDNNLSTMLayer CuDNNLSTM is the faster implementation of
LSTM which works the same way as the above, but using NVIDIA’s Deep Neural
Network library (cuDNN) [15] which is a GPU-accelerated library. The output of
this layer is passed as input to the next Attention layer.

Attention Layer Attention is used to alter the fixed-length representation in the
encoder–decoder architecture. The idea of attention [16] is that it trains the model
to learns to pay selective attention to the inputs and relate them to items in the out-
put sequence. We used the word-level attention mechanism with sigmoid activation
function which helps the model to focus on words which matter most for the mean-
ing of the sentence. This attention is applied to the output of previous Bidirectional
CuDNNLSTM Layer and returns an attention-weighted combination of the input
text.

Convolution Operation The convolutional operation which is generally used in
computer vision is also useful for feature extraction in text sequences. Convolution
operation consists of Convolution layer, ReLU activation, and Pooling layers. The
output features of attention layer is concatenated with the extracted features from
the text and is provided as input to convolution layer. By varying the kernel size of
the convolution filter and then concatenating their outputs, the model can detect a
pattern of multiple sizes which are equal to kernel size. We here chose the kernel
size of 2, 3, and 4, and for each kernel size passed through max and average pooling
operation to concatenate finally to form a single feature vector. This output is then
passed as input to fully connected dense layers.

Fully Connected Dense Layers The output of convolution operation is then passed
to fully connected dense layers with ReLU as the activation function. We also use
dropout after dense layers to prevent overfitting of the model. We use two dense
layers one after the other along with dropout, and the output is then passed to the
final representation layer.
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Representation Layer The output of fully connected dense layers is passed to this
final output layer which consists of softmax activation. This output layer decides the
probability of given text being sarcastic or non-sarcastic dependent on given input
and outputs that as 0 (non-sarcastic) or 1 (sarcastic).

4 Results and Analysis

We performed all the experiments on Nvidia Tesla K80 GPU in Google Colab online
environment. We experimented using a wide range of hyperparameters and men-
tioned that gave an optimal result in the Table 3. Experiments included embedding
vectors of size 50, 100, 200, and 300 as well as different bidirectional LSTM and
convolution layer units of 64, 128, 256, and 512. We also experimented with various
dropout rates in range 0.1–0.5 to avoid overfitting of the network. The results for
both the news headlines dataset and tweets dataset are summarised in the Table 4.

We compared ourmodelwith other baseline deep learningmodels, namelyLSTM,
Bi-direction LSTM without Attention, Convolutional Neural Network (CNN) by
training and testing them on both the datasets as for the proposed model and Table 5
clearly shows that proposed model outperforms them. All the hyperparameters were
kept constant in all the experiments and Glove embeddings of 300 dimensions used.
For both the datasets, the proposed model performed best in terms of accuracy while
CNN produces the least accuracy.

From the results, we can also analyze that due to the noise in the data collected
from the Twitter compared to the news headline dataset, it achieves less accuracy in
the detection of sarcasm for all the models. This accuracy can be increased by further
pre-processing the text from social media so that noise can be decreased.

Table 3 Hyperparameters Values

Hyperparameter Value

Dimension of GloVe embedding vectors 300

Bidirectional LSTM units 128

Bidirectional CuDNNLSTM units 128

Convolution filters 256

Convolution kernel sizes 2, 3 and 4

Learning rate 2e–2

Batch Size 64

Loss Binary crossentropy

Dropout rate Word Embedding: 0.3
LSTM layer: 0.5
Dense layers: 0.2

Activation function of convolution and
dense layers

ReLU
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Table 4 Performance of proposed model

Parameter News headlines dataset Tweets dataset

Accuracy 89.19 87.87

F-Measure 89.04 87.59

Recall 89.20 87.77

Precision 89.19 87.97

Table 5 Accuracy comparison

Model News headlines dataset Tweets dataset

CNN 84.33 79.95

LSTM 86.05 82.55

Bidirectional LSTM
without attention

87.40 83.72

Proposed model 89.19 87.87

5 Conclusion

Sarcasm is a specific type of sentiment, and it is essential to detect it automatically
so that the sentiment of the text can be analyzed correctly. In this paper, we propose a
newmodel with a combination of text-based features and deep learning model based
on word embeddings, bidirectional LSTM, attention mechanism, and convolutional
neural nets to detect sarcasm in social media text on Twitter as well as news head-
lines. The proposed model shows significant improvement compared to other deep
learning-based methods on both the datasets achieving an accuracy of around 88 per-
cent. The automated detection of sarcasm in the long text and changing vocabulary
are considerable problems for the research in this domain.
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Sentiment Analysis Using Twitter

Ujjayanta Bhaumik and Dharmveer Kumar Yadav

Abstract Analysing the sentiment from the tweets of a user can give general insights
into how the person is thinking. This paper analyses different groups of people like
graduate students, politicians and doctors and aims to study the behavioural patterns.
A method was designed to extract sentiment from tweets obtained using Twitter
API. The VADER sentiment analysis library was used to gather median sentiment
scores for different groups of people. The results show that politicians have a similar
propensity for positive and negative tweets. Comedians’ tweets have the best positive
median score, while graduate students’ tweets have the least positive median score
among the tested groups. This paper extensively compares tweets of different groups
of people and provides a novel analysis of general sentiment trends.

Keywords Sentiment analysis · VADER · Twitter

1 Introduction

Sentiment analysis is a machine learning approach to gather knowledge about the
emotional state of an author from their authored piece of text. This paper utilizes
the VADER (Valence Aware Dictionary and sentiment Reasoner) sentiment anal-
ysis library to analyse the sentiment of different groups of people, namely politi-
cians, doctors, comedians, motivational speakers and graduate students. TheVADER
library was specially developed for social media analysis. It is a simple rule-based
model that is used to analyse typical social content using qualitative and quantita-
tive methods. Sentiment analysis is used in various fields like marketing research,
customer psychology studies, economics and business strategy development.

U. Bhaumik (B) · D. K. Yadav
Katihar Engineering College, University College London (UK), Katihar, India
e-mail: ujjayanta.bhaumik.18@ucl.ac.uk

D. K. Yadav
e-mail: kumar.dharmveer@gmail.com

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer
Nature Singapore Pte Ltd. 2021
J. K. Mandal et al. (eds.), Computational Intelligence and Machine Learning, Advances
in Intelligent Systems and Computing 1276,
https://doi.org/10.1007/978-981-15-8610-1_7

59

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-8610-1_7&domain=pdf
mailto:ujjayanta.bhaumik.18@ucl.ac.uk
mailto:kumar.dharmveer@gmail.com
https://doi.org/10.1007/978-981-15-8610-1_7


60 U. Bhaumik and D. K. Yadav

Twitter is a popular social media that focuses mainly on current world affairs and
also allows users to be connected by allowing them to follow each other and also
retweet other’s tweets [1]. It is a valuable source of data as millions of users use the
platform every day. The tweets are generally publicly available can be downloaded
using Twitter’s application programming interface. As a result, this makes it possible
to study people’s opinions, holistically and on the individual level too [1]. The social
Twitter Chirp developer conference in April 2010 [2] provided some statistics about
Twitter and the platform’s user engagement.

According to Twitter, 3 lakh new users were added to the site every day and over
600 million queries populated its search engine, and above 3 billion requests per
day were carried out based on the results of Twitter API. Nearly 40% of the users
used their mobile to tweet. As of September 2019, Twitter had 330 million registered
users. The past two decades have seen an enormous uprising in the use of social
media platforms with the engagement of people from all corners of the world. This
growth eventually attracted big companies and they started focusing on social media
like Twitter. Because of the copious amount of data that can be mined, a lot can be
learnt about the thinking process of the users. Companies like Twitratr, Tweetfeel
and Social Mention use sentiment analysis on Twitter for their products and services.
A lot of interesting sentiments come out from the daily tweets of users across the
world. Online reviews and news articles are rich sources of information, also online
messages in gaming platforms and other media constraints can be studied in detail.
Different properties related to automatic POS tags or part of speech analysis and
sentiment dictionaries created with the help of real human annotations are useful
for sentiment analysis in various domains, including Twitter. In this paper, we begin
to investigate this question regarding Twitter. In this paper, we explore one method
for building such data using API and public twitter accounts to identify different
sentiments in tweets like positive, negative and neutral tweets to use for studying
different groups of people. Twitter is a really popular social media with over 300
million accounts. This makes it a gold mine of people’s opinions for sentiment
analysis [2]. For each tweet, one can determine the sentiment it portrays, whether
the tweet is it positive, negative or neutral.

2 Literature Survey

Analysis of sentiment is considered as natural language processing work at many
levels of granularity. Starting with a classification assignment at the document level
[3, 4], it was addressed at the sentence level [5] and more lately at the sentence
level [6, 7]. As tweet sentiment analysis has gained popularity in recent years, Naive
Bayes classifier and page rank technique have been used to calculate user-generated
sentiments [8]. Sentiment classification is done using unsupervised and supervised
algorithms for unstructureddata like tweets andSMS[9].Manyworks havebeendone
to analyse the tweet sentiments using machine learning [14, 15], the research work
is proposed based on machine learning technique using Naive Bayesian technique,
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SVM and entropy-based [16–18] to classify the review. In 2010, the US election
dataset [10] was collected to determine and rank individuals politically on the basis
of political discussion and data available on Twitter timelines. They divided the
analysis into two wide classifications user level and network level for politically
classifying individuals. Researchers have also started to explore different methods
of trainingdata automatically. In order to define their trainingdata, several researchers
work based on emoticons [11, 12]. Use current Twitter sentiment sites [20] to collect
training data [13] also use hashtags to create training data, but their experiments are
limited to the classification of sentiments/non-sentiments.

The Twitter Application Programming Interface (API) presently provides a
Streaming API and two separate REST APIs. Users can access tweets in sampled
and filtered form in real time via the Streaming API [16]. The API is based on HTTP
and demands from GET, POST and DELETE can be used to access the information.
Individual posts on Twitter represent a user’s “status”. With the help of Streaming
API, user may access public status including responses in almost real time.

Twitter sentiment analysis has been a widely researched topic and can be traced
back to a phrase analysis of sentiments. Phrase-level processing of sentiments was
discussed by Wilson et al. [6] which was really innovative in categorizing phrases
based on positive and negative behaviour. The paper pointed out the fact that some
phrases were objective and used for sentiment analysis earlier. Those phrases led to
the poor categorization of the objective phrases. It also found that if a simple classifier
that assumes that the word’s contextual polarity equals its prior polarity, a result of
nearly 48% is obtained. Pak et al. designed a method for automatic collection of
twitter data for building a large corpus using Tree Tagger in 2010 [11].

2.1 Twitter Sentimental Analysis

Social networks are an active source for sentiment analysis study as people are
always attached to social media like Facebook and Twitter, discussing various topics,
promoting business and so on. The sentiment-aware systems are used in business
studies, social science analysis and making accurate predictions regarding human
behaviour. Several abbreviations are used by users in their social media life as often
people want to be quick and thus these terms have become a part of the normal social
media vocabulary, like FB for Facebook and OMG for oh my god. Since social
networks, especially Twitter, contains individual tweets that are small and also many
abbreviations which might be difficult to interpret by general Natural Language
processing, the VADER library has been used for analysis [21–23]. The Twitter API
is used to collect tweets to create a dataset and VADER is used for analysis shown
in Fig. 1.

We have used the following short messages in our approach.
Emoticons: Emoticons are predominantly used as shortcuts for emotions and.
VADER takes emoticons into account also.
Hashtags: Hashtags are used for organizing content on social media.
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Fig. 1 Methodology
describing the generation of
median sentiment score

Normalize and correct spelling: This is used so thatVADERresults are not affected
by changes in spelling.

Twitter API allows users to download tweets officially from a user account and
the tweets can be saved in a suitable file format like csv. Using the API, tweets
from different users across the five categories: graduate students, doctors, politicians,
comedians and video gamers were downloaded and concatenated separately into
datasets for different groups. After that, VADER was used for generating sentiment
score for individual tweets and the median for each group was calculated using the
individual tweet sentiment scores for each group.

The VADER sentiment analysis model working can be explained using the
following steps:

– Seeing lexical featureswhich are approved by humans and features that are already
established

– Adding new features that cover the plethora of sentiments used in social media,
for instance, the emojis, different Internet slangs and abbreviations

– Using an approach called crowd wisdom to estimate emotional value based on
more than nine thousand lexical features

– Evaluating the effect of common grammar and syntactical rules on the sentimental
quality of the text

– Applying coding analysis and results to identify general patterns in the text and
identifying sentiment

– Everything is done with respect to a benchmark human sentiment gold standard
emotional dictionary or sentiment lexicon.
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3 Results and Discussion

A group of ten graduate students, ten politicians, ten doctors, ten comedians and
ten video gamers who use Twitter were selected randomly. For each individual in a
group, a corpus of 3200 tweets were created. The following figures show the average
sentiment analysis results for persons from each group. The zero mark displays the
tweets of a user where the sentiment is neutral, while less than zero indicates negative
sentiment and more than zero indicates positive sentiment.

Fig. 2 shows the sentimental trends and changes based on the emotional nature of
the tweets. The figure on the left represents the sentiment analysis results for video
gamers. On average, video gamers tweets are mostly on the neutral and positive side,
which is expected as gaming is related to the adrenaline rush and people and mostly
excited and happy while playing games. The right figure shows a figure representing
the sentiment analysis results for graduate students. Interestingly, graduate students
have the least median sentiment score among all the groups.

The Fig. 3 shows tweets from the group comprised of doctors, politicians and
comedians had high sentimental scores as compared to graduate students and video
gamers. The left figure represents the sentiment analysis results for doctors. The right
figure shows the sentiment analysis results for politicians and comedians. The graph
with the two higher peaks represents the comedian sentiment. The politicians are

Fig. 2 Sentiment analysis results for video gamers and graduate students

Fig. 3 Sentiment analysis results for doctors, comedians and politicians
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Fig. 4 Median sentiment score of students, politicians, doctors, comedians and video gamers

equivocal on an average with almost comparable amounts of positive and negative
tweets, while most of the tweets by comedians are positive as expected. Figure 4
shows the Median sentiment score of students, politicians, doctors, comedians and
video gamers. A similar sentiment analysis using Facebook data from students’
comments in Bahagian Pengurusan Kewangan Pelajar UiTMFacebook page showed
that the sentiments were mostly negative or neutral. In this work too, the students
had the lowest median sentimental score. Also, VADER performs much better as
compared to other similar sentiment analysers. The median positive sentiment was
also calculated for each group separately. It is the median of the compound sentiment
score for a tweet which shows how positive or negative a tweet is, for all the tweets
in a particular group. The median sentiment score for each group is listed below:

The doctors had the highest median sentiment score of 0.38, while graduate
students displayed the lowestmedian sentiment score of 0.17. The datasetwas created
by usingTwitterAPI.Using theAPI, tweetswere downloaded fromTwitter and saved
into a CSV file, from which sentiment analysis was done.

4 Conclusion

Sentiment analysis is a great tool to measure the emotional weight of a text and gives
a good idea about the opinions expressed. The work focused on tweets by different
groups of individuals. Social media is a great place for the study of emotions given
their popularity in the last two decades. The study showed that graduate students had
the least positive median sentiment score for their tweets, while doctors and come-
dians scored really highwith their tweets. A chronological and sentimental evaluation
approach to tweets can give insights about emotional statistics in an individual. The
results obtained show the emotional differences based on a tweet database among
the different groups.
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5 Future Work

The study provides an innovative path for future research in sentiment analysis and
for future studies, other social media like Facebook and Reddit can be considered as
well. Different social media serve different purposes as well and thus comparing the
results across different social media could be another possibility.
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ranging from primitive rule-based learning to Deep Learning methods. This paper
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of researching these methods, we observed certain drawbacks in the current Fine
Grained Entity Type Classification (FETC) methods. Ignoring local contextual lin-
guistic information and ignoring type membership information of these contextual
entities are twomain drawbacks we have focused upon.We propose an approach that
overcomes both these drawbacks by employing a Bi-Directional Short TermMemory
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1 Introduction

Information extraction (IE) is the task of automatically extracting known or semi-
known information fromunstructured and/or semi-structured data. In the Information
Extraction (IE) Domain, Named Entity Recognition (NER) is a Natural Language
Processing (NLP) technique which focuses on mainly the location and labeling of
the named entity. A named entity can be mentioned in a collection of documents as
one of pre-defined categories of labels such as person names, organisation, locations,
monetary values, sports expressions for Time etc; thereby annotating the text [13].

Let us consider an example of a text sentence as stated below:

Adolf Hitler came to power in 1933. (1)

Producing annotation to the text will give us the following information:

[Adolf Hitler]person came to power in [1933]time (2)

In the given example (2), a two-token name and a one-token time expression is
classified into corresponding tags viz., Person and Time. By token here we refer to
individual word combinations.

Named entities mentioned in contextual documents, restrict the task of NER to
one or many alphanumeric strings, such as words or phrases, which when referred
to (referent) performs fairly well. American philosopher and logician Kripke coined
the NER term as rigid designators, because of the rigidity Named entities have
in a mention [13]. Although in practice, NER models deal with scenarios where
names and references of the mentioned entities are not philosophically rigid at all.
For example lets consider the name “FORD Motor’s” founded by Henry Ford, here
“Ford” can actually refer to many other entity

People

– Ford and Mistress Ford, inked in William Shakespeare’s The Merry Wives of
Windsor

Organization

– Ford motors, established by Henry and Edsel.

Place

– Ford, Argyll

Clearly, it can be seen that rigid designators includes proper noun and referent
while they exclude pronouns like “it” even though it judges on the basis of properties
of the referent . [Hindu jas]organization are the richest citizens in [Uk]location . They
have recently acquired an old war building in [Uk]location . From the example stated
above, if we take the consideration of referent properties then “They” will be flagged
as an entity with the tag of a person or an organisation. This causes an ambiguity
between the label of the named entity as a person or organisation.
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This field of disambiguation in NER is known as “Coreference Resolution”.
The general dissolution of full NER, conceptually and implementation wise, is

done as two distinct problems: detection of names and labelling of the names into one
of the many tags available. The detection task obviously deals with segmentation,
as particularly defined named entities can span over a number of words excluding
any word nesting, such that “Bank of Baroda” can be segmented as one entity; disre-
garding the fact that “Baroda” itself is a named entity. While labelling systematically
deals with choosing most particular ontology to categorize the named entities.

For better correlation with the domain on which NER is modeled, strictness of
named entities are loosened over the context, (e.g., 2001, June 19) is a rigid case
of named entity where it is clearly mentioned that date happens to be 19th of June
of 2001 while in “Ram works in June”, it is not clear which year’s June we are
talking about. Because of unseen behaviour of NER task over a domain, NER task
defined over one domain may not work at all in other domains. This is a problem in
NLP, commonly known as brittleness of a model, where it means models can’t be
generalised further.

The main contribution of the paper are as follows:

1. A clean and brief transition of NER tasks
2. An improvement over the Shimaoka’s state-of-the-artwork [12] Attentive Fine-

Type Tagger on the FIGER GOLD dataset [10] is duly presented.

1.1 NETC

The term “named entity” was coined in [2, 4], by Lisa F. Rau, where the author used
named entity to describe the task of extraction of company names from unstructured
text, such a newspaper and company record base. This led to breakthrough work of
extraction of structured units from the unstructured units in the following years by
researchers [3].

Till 2003, no supervised learning methods were performed in NER tasks; even
large search engines such as Yahoo were solely dependent on the simpler rule-based
learning [see Algorithm 1]—where patterns are 3 tuples consisting of—1. prefix
of the referent, 2. named entity itself and 3. suffix of the referent [see Eq. 3]. In
rule-based learning methods, the pattern set,P is defined with seed examples.

Pi = 〈pre f i x, named entity, su f f i x〉 (3)

Since the year 2003 [1], IE domain has seen supervised learning through discrim-
inative models such as Conditional Random Field (CRF) or statistical models; which
was used to perform the task of entity extraction and its type classification. It is not the
same with supervised learning based models and thus rule-based IE models became
obsolete. Till that time rule-based learning was still in practice because no model
could match human perception. CRF-based information extraction models used to
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Result: Extraction of Rule Set R
P ←− P1, · · · , Pn;
while GenerateRule(P).isNotEmpty() do

Rx = GenerateRule(P);
if Rx matches max(P) then

R ←− add(Rx );
P ←− extract (R);

else
Reject Rx ;

end
end

Algorithm 1: Rule-Based Named Entity Extraction

dominate the NLP societies up till 2011 [5]; that is when the first deep learningmodel
was employed for NERC.

1.2 FETC: Refining the Granularity

With refined granularity of entity type set, more latent information can be extracted
from the document which can be useful for the purpose of many other IE tasks such
as relation extraction. (Xiao Ling and Weld) [10] defined the fine grained tag set of
112 tags along with the multi-class multi-label classification model FIGER, where
learning happens via typing a CRF based model for segmentation with a classifier,
to label the extracted entity set, using the multi class multi label heuristics defined
in Eq. 4.

ŷ = argmaxyw
T · f (x, y) ŷεT (4)

Here T is the possible number of tags, x be feature inputs, f be the scoring function
and w is the weight defined for the inference.

1.3 Recent Advances in FETC

TheDeepLearning era beganwith the temporalConvolutionalNeuralNetwork(CNN)
over a sequence of words of Collobert [5] . It then went on to the replace CNN with
a Bi-LSTM architecture by Huang [6]. The most recent method by Chiu and Nicolas
work introduced hierarchy in the character—level feature set using hand-engineered
features where Bi-LSTM and CNN structure has been demonstrated [7].

The task of FETC are not limited only to entity chunking but go further to new
problem sets of Relation Extraction, Coreference Resolution or Record Linkage or
Pronoun Disambiguation, Named Entity Disambiguation, Named Entity Linkage.
This problem set can further collate bigger problems of Question and Answering
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System, Knowledge Base Construction or Implantation or Completion. The success
of the search engine, GOOGLE is largely based on the effectiveness of NER task as
stated in DIPRE [8]. The underline working structure of the DIPRE model is similar
to the what has been discussed in the Algorithm 1. One of the finest work in the field
of FETC is the use of adversarial learning. In machine learning, adversarial learning
may be coined as the flow of learning based on adversarial examples. Adversarial
networks employ two separate networks—generative and discriminative. The sole
purpose of adversarial learning is to make training harder than testing so that a
model can stay robust with test errors. Adversarial learning is like a 2-player min-
max game, where one tries to generate (Generative Network) as hard as possible
false data (noise data) and the other tries to counterfeit the false data (real data)
(Discriminative Network). Each network tries its best to outperform the other at
their game.When they balance each other out, we get our required model for the task
of inference. DATnet [9] is one such novelty done for FETC in Chinese language.

The remaining paper is structured as follows: Sect. 2 provides brief discussions
about the workflow of our proposed model over the Shimaoka’s FETC model [12],
Sect. 3 presents the experimental results of our proposed model that validate the
feasibility and reliability of our work. Finally we conclude in Sect. 4.

2 Proposed Model

We formulated ourmodel’s flow as the FETCproblem,where given an entitymention
with its left and right context as l1, . . ., lc,m1, . . .,mk , r1, . . ., rc; where c is the context
span undertaken as the context locality and k is the mention entity span.

Given this formulation, we then go on compute the probability yi ε R for each of
the fine grained tag ’T’ types. We then outputted tag t whose yt is greater than the
threshold undertaken.

2.1 Embedding Space

The embedding acquisition [11] for FETC allows the sharing of information between
the entities which are close in the embedding space if they frequently co-occur
with each other. The token vectors are mapped to lower dimensional space—this
relationship can be visualised from the proximity of the vectors in the embedding
space.

For each of the input word vector vi (either a mention or a context vector), we
brought it to lower dimensional embedding space H:

p (x) : RL → R
H (5)
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Feature function p(x) denotes the mapping functions for converting vectors to the
lower dimensional embedding space H.

2.2 Mention Vector Representation

Once each word vector which is brought down to lower dimensional embedding
space, we formulated a mention representation as defined in equation :

vm = 1

|m|
1∑

|m|
u(mi ) (6)

Where the mention vector vm is given by averaging the word embeddings of the
mention words m1,m2, . . . ,m|m| and u(mi ) is the word embedding for the word mi .

2.3 Context Vector Representation

Shimaoka’sApproach:AttentiveNeuralModelContext entities present influential
and latent characteristics of the mentioned entities. So to learn the context vector
Shimaoka [12] employed the Attention weighted Bi-LSTM

Assuming the standard Notation:

Sof tmax(z1, z2, . . . , zm) = (exp z1, . . . , exp zm)
∑M

m exp zm
(7)

(
−→
h1 ,

←−
h1 ), . . . , (

−→
hC ,

←−
hC) = Bi LST M(x1, . . . , xC ) (8)

where the pair (
−→
hi ,

←−
hi ) represents the state vector in the forward and backward

direction respectively. C = context word length and
−→
hi ,

←−
hi εRH×1.

In the paper, the context vector vc is learnt using attention weighted contextual
representation by passing state vectors pairs to the fully connected layer with Da

hidden units in a hidden layer, eiεRDa×1 and weight matrix WeεRDa×2H . For each
such hidden state vector ei , a scalar unit ai is learntwith theweightmatrixWaεR1×Da .
These scalar unit are then normalized to 1 and this whole formulation shown in Fig. 1
forms the attention mechanism over the context word vectors as defined in Eq. 13.

zil =
[−→
hi l←−
hi

l

]
(9)

ei
l = tanh

(
We × zil

)
(10)



A Type-Specific Attention Model For Fine Grained Entity Type Classification 73

Fig. 1 Shimaoka’s attention model for prediction of mentioned entity—Messi

ãi l = exp(Wa × ei
l) (11)

ai
l = ãi l

∑C
i=1(ãi

l + ˜ai r )
(12)

vc =
C∑

i=1

(ai
l żil + ai

r żir) (13)

Our Approach: Type-Specific Attention Tag information of the local context in
addition to the attention weighted contextual linguistic expression [shown in Eq. 13]
can give much needed confidence to the model to predict the tag type of the mention
entity.

In our model, we tried to first learn the type specific attention vectors Vt for each
of the fine grained tag ’T’ types and then a scalar unit vector B is learnt [Eq. 15] and
then these scalar vector elements are normalized to 1. This whole formation provides
the type-specific attention as shown in Fig. 2, which was then weighted with context
words to form the context vector vc. Assuming the yε[1, . . . , T ], we replaced the
attention weight WaεR1×Da to WaεRT×Da
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Fig. 2 An illustration of a type-specific attention layer over Bi-LSTM mode for prediction of
mentioned entity—Messi

∀tε[T ] : Vt =
C∑

i=1

(ai
l � zil + ai

r � zir); V εRT×2H (14)

B̃ = diag(We × V ); B̃εRT×1 (15)

B = Sof tmax(B̃); B = (b1, . . . , bT ) (16)

vc =
T∑

t=1

(bt � Vt ) (17)

2.4 Inference and Loss

The logistic regression layer learns the probability distribution y1, . . . , yT for ’T’
tag classes by making use of embeddings of the words of mention and their context:
vmεRDm×1 and vcεRDc×1, where WyεRT×(Dc+Dm ) is the weight matrix.
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y = 1

1 + exp

(
− Wy

[
vm
vc

] ) (18)

Following cross entropy loss function is employed in our learning:

L(y, ŷ) =
T∑

t=1

−yt log(ŷt ) − (1 − yt )log(1 − ŷt ) (19)

where ŷt is the predicted probability for the tag type ‘t’ and yε {0, 1}T×1 is the true
tag type.

3 Evaluation and Results

For comparative analysis, we adapted the same evaluation approach as discussed in
Shimaoka [12].

3.1 Dataset

A training size of 2,000,000, dev size of 10,000 and test size of 563 is used from the
FIGER (GOLD) dataset [10]. A total of 112 overlapping fine grained type tags are
present in FIGER. Training and development were curated fromWikipedia, whereas
the test set containing the manual annotation was curated from news paper articles.

3.2 Evaluation Criteria

We used the same evaluation metric viz., strict, loose macro, loose micro as used by
Shimaoka in his study.

Suppose ’N’ is the size of the test set and Pi is the ground truth label and P̂i is
the predicted label for the i-th instance then the metrics are defined as follows:

– Strict

Precision = Recall = 1

N

i=1∑

N

1
[
Pi = P̂i

]
(20)
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– loose macro

Precision = 1

N

N∑

i=1

∣∣∣P̂i ∩ Pi
∣∣∣

∣∣∣P̂i
∣∣∣

(21)

Recall = 1

N

N∑

i=1

∣∣∣P̂i ∩ Pi
∣∣∣

|Pi | (22)

– loose micro

Precision =
∑N

i=1

∣∣∣P̂i ∩ Pi
∣∣∣

∑N
i=1

∣∣∣P̂i
∣∣∣

(23)

Recall =
∑N

i=1

∣∣∣P̂i ∩ Pi
∣∣∣

∑N
i=1 |Pi |

(24)

3.3 Results

From the comparative study between the results reported by Shimaoka in Table 1
and results obtained from our proposed model in Table 2, we got a performance
improvement of∼ 2% in each scoring types discussed in Sect. 3.2, though we ran our
experiments for smaller train duration and didn’t fine tuning any hyper-parameters.

Table 1 Performance on FIGER (GOLD) [10] dataset by Shimaoka’s attention model [12]

Scoring-type Precison Recall F1-score

Strict 0.5595 0.5595 0.5595

Loose (Macro) 0.7417 0.7959 0.7679

Loose (Micro) 0.6881 0.7884 0.7348

Table 2 Performance on FIGER (GOLD) dataset by type specific attention model

Scoring-type Precison Recall F1-score

Strict 0.5790 0.5790 0.5790

Loose (Macro) 0.7693 0.8021 0.7853

Loose (Micro) 0.7082 0.7923 0.7479
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4 Conclusion

Our paper focuses on Fine-grained entity type classification methods, their draw-
backs and overcoming them with recent development in its domain. As seen from
the tabulated results, our proposed approach achieves a performance improvement
of average 2% on every scoring type for the FIGER (GOLD) Table 1 dataset in
comparison to what Shimaoka [12] achieved in his approach Table 2.

In future we propose fine tuning hyper-parameters such as: number of type tags,
the specific granularity of a tag, etc. Longer training times to validate further improve-
ment of F1 score accuracy may be looked into. Also, in real life scenarios, the con-
textual tag sets are not balanced in nature which contribute to erroneous or biased
results. This can be overcome by using the specific granularity of a tag set i.e.,
using person/athlete and organisation/sports_team ; rather than the whole set of finer
granular tags.
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A Two-Phase Approach Using LDA for
Effective Domain-Specific Tweets
Conveying Sentiments

Pradnya Bhagat and Jyoti D. Pawar

Abstract Twitter is a free social networking platform where people can post and
interact with short messages known as “Tweets”. The freedom of being able to reach
out to the world in a fraction of seconds has made Twitter an effective medium for the
general public to express their opinion on a global scale. Since Tweets have the poten-
tial to make a global impact, companies too have started using the service to reach
out to their customers. Moreover, in spite of this service being immensely effective,
it is found challenging by many users to express their views through a Tweet due to
the restriction imposed of minimum 280 characters. The proposed work is aimed at
helping people compose better quality Tweets belonging to a specific domain in the
restricted character limit. The system is designed to mine important features/topics
about a domain using Latent Dirichlet Allocation (LDA) algorithm and to com-
pute the polarity of the sentiment words associated with them with respect to the
domain using a two-phase approach on an Amazon review corpus. The discovered
topics/features and sentiments are recommended as suggestions to Twitter users
while composing new Tweets. The paper describes and presents initial results of the
system on cell phones and related accessories domain.

Keywords Social networking · Twitter · E-commerce · Product review Tweets ·
Recommendations · Topics · Sentiment words · Latent Dirichlet Allocation

1 Introduction

Social media has started playing a pivotal role in our day-to-day life. Facebook,
Twitter, Instagram, LinkedIn are examples of some of the networks developed to
cater to the rising and constantly changing needs of the society [1]. Twitter [15] is
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Fig. 1 Examples of Tweets about products [15]

a platform where users can interact with each other with the help of short messages
knows as “Tweets”. It is basically a micro-blogging platform where the message
length is restricted to 280 characters. Since it is a free service with a global reach,
people all over the world have started taking advantage of the same. Of late, we have
seen an increase in the trend by people to review various products/services used by
them on Twitter [5]. Twitter is also emerging as a platform to lodge complaints about
goods or services having suffered the inconvenience. Being a broadcasting medium,
the Tweetedmessage has the potential to instantly reach thousands of people creating
global impact. Many other users reading this Tweet can base their purchase decisions
on the read Tweet. This forces the companies to give immediate attention and address
the issues faced by customers. Hence, Twitter is emerging as an effective medium
for the public to make their problems heard and addressed. Figure 1 shows examples
of some Tweets written by users addressed to the companies.

Although being such a powerful platform, we see that the use of Twitter is mostly
restricted to specific sections of society. It has still not become successful in reaching
to general masses. One of the reasons can be attributed to the 280 character limit
for each Tweet, which acts as a great challenge to express one’s opinions in brief.
Especially to people whom English may be a foreign language, expressing one’s
views in such a constrained manner may not be always possible. The proposed
system is designedwith an aim to aid people; compose better quality Tweets related to
products by recommending them with various product features and domain-specific
sentiment words while composing Tweets. The system is unique from the fact that
recommendations to help generate Tweets are sourced from amazon.com [2] which
is an e-commerce website. Since there is no restriction on the length of the reviews
on Amazon, it is found that Amazon reviews are more informative and descriptive
than Tweets. Hence, reviews are used to generate recommendations. The discovery
of topics from reviews is done using Latent Dirichlet allocation (LDA) [4] algorithm.
The paper also proposes amethod to find the polarity of sentiment words with respect
to a particular domain since the sentiment of a word can largely depend on the context
used. Since we are using the e-commerce domain to scrap reviews in order to develop
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recommendations for writing on Twitter which is a social networking platform, we
can say that the proposed system is also a step towards cross-domain recommender
systems.

2 Literature Survey

A significant amount of literature is being continuously contributed in the fields of
social networking and e-commerce to keep up with the ever-evolving areas. The
research depends heavily on Natural Language Processing and Machine Learning
algorithms.

Dong et al. [7] describes a tool called Reviewer’s Assistant that can be added
as a browser plug-in to work with e-commerce websites like Amazon to help users
write better quality reviews. The tool mines important topics from already published
reviews and presents them as suggestions to new writers. Blei et al. [4] presents the
Latent Dirichlet Allocation (LDA) algorithm, a generative probabilistic model for a
collection of discrete data such as document collections. Dong et al. [6] describes a
novel unsupervised method to extract topics automatically from a set of reviews. The
work uses LDA algorithm and presents a major improvement on previous methods
which required manual intervention. ki Leung et al. [10] proposes a probabilistic rat-
ing inference model for mining user preferences using existing linguistic processing
techniques from a set of reviews and mapping the preferences on a rating scale. The
method allows semantically similar words to have different sentiment orientations
and hence tries to address the limitations of existing techniques. Zhang and Liu [16]
presents a method to identify product nouns that imply opinions based on statistical
tests.

3 Methodology

The work addresses the problem of assisting users to write better quality reviews
using a two-phase approach:

1. Recommending topics/features in which the user may wish to express his/her
opinions.

2. Suggesting appropriate opinion words to convey sentiments about the stated top-
ics/features.
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3.1 Recommending Product Features

Generally, many users are unaware of the technical terminology related to products.
As a result, they are unable to use the correct terminology to explain the problem
technically.Moreover, on a platform like Twitter, using elaborate sentences to explain
one’s problem is not feasible due to the character limit imposed. The proposedmethod
uses LDA algorithm to address the issue. The approach adopted is as follows:

Reviews are broken down into sentences since most of the times a single sentence
describes a single topic. The extracted sentences are Parts-of-Speech (POS) Tagged
[13, 14] to identify the various parts of speech in the review. Since, most of the
times, nouns are the parts of speech that convey the topic/features of the products,
only nouns need to be retained from the entire review text. The challenge lies in
identifying feature nouns from non-feature nouns.

In general, it is seen that the feature nouns occur in close proximity to sentiment
words since the users are interested in expressing their opinions about the same. This
is not the case with non-feature nouns. For example:

My friend advised me to buy this awesome mobile because it has this stunning
look and attractive features.

POS Tagging of the above sentence would give us:

My_PRP friend_NN advised_VBD me_PRP to_TO buy_VB this_DT awesome_JJ
phone_NN because_IN it_PRP has_VBZ this_DT stunning_JJ look_NN and_CC

attractive_JJ features_NNS.

The nouns occurring in the above text are friend, phone, look and features. Out
of these, the nouns we would be interested are phone, look and features since they
belong to features/topics about cell phones. Further, as can be seen, nouns phone,
look and features have some adjective associated with them since the user wants to
express his opinions about the features, but noun friend does not have any adjective
associated with it. This observation is utilized to differentiate feature nouns from
non-feature nouns.

Next, the sentence position of the feature nouns is retained and the pre-processed
file is given to the LDA algorithm. LDA is a statistical algorithm used to automati-
cally identify topics across documents [4]. The algorithm follows the bag-of-words
approach and considers documents as a set of topics that are made up of words with
certain probabilities. As per the working of the algorithm, the words forming similar
topics get grouped together. Whenever a person starts to compose a Tweet on any
topic, many other words related to the same topic get displayed to the user. This can
act as a valuable aid to the users to get correct technical words to express information
effectively in the specified character limit.
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3.2 Suggesting Appropriate Opinion Words

The second important part of the proposed framework deals with suggesting senti-
ment words or opinions about the topics to be addressed. Most of the works in the
literature focus on selecting the adjectives based on POS Tagging and comparing
them against a sentiment lexicon to find the polarity (positive/negative/neutral) of
the opinions.

Although in the majority of the cases the approach works fine, it fails to identify
the sentiment words whose polarity may be dependent on the context of usage. A
classic example in sentiment analysis is the word unpredictable which has a clearly
negative polarity if used in car domain:The steeringwheel of the car is unpredictable.
But is found to have a positive polarity in the movie domain: The ending of the movie
is unpredictable. As a result, it can be stated that the context of using the word plays
a major role in determining its polarity. The method followed in the paper is distinct
in a way that it does not just follow the polarity of the words as given in the sentiment
lexicon; instead, it computes it from the occurrence frequency of the sentiment word
in the review dataset. The steps followed are as follows:

All adjectives are extracted from the POS tagged data. It need not be the case
that all adjective words carry some sentiment meaning. For example, if we have the
phrases:

front flash and good flash

in our reviews, POS tagging will tag both as:

front_JJ flash_NN and good_JJ flash_NN

As can be seen, both examples get reduced to Adjective(JJ)-Noun(NN) phrases.
The phrase good flash carries some sentiment (positive) associated with it, whereas
front flash does not. Hence, to identify whether an adjective is a sentiment word or
not, we first make use of a sentiment lexicon [9] to find the presence of a specific
adjective in the sentiment lexicon. If the adjective is present in the sentiment lexicon,
we consider that word to be a sentiment word and vice versa. The sentiment lexicon
is used only to identify if an adjective is a sentiment word or not. It is not used to
actually identify the polarity of the sentiments.

The review dataset has a numeric rating associated with every review given by
the reviewers in addition to the review text. The rating is in the form of stars and
it ranges from 1 star to 5 stars. We group the reviews according to the number of
stars associated with the review. To find the polarity of the sentiment words, we take
the sentiment words extracted using the sentiment lexicon and find their occurrence
across all five groups of reviews. If any sentiment word occurs the majority of the
times in 4/5 star reviews, we consider that word to be extremely positive. If any
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sentiment word occurs the majority of the times in 1/2 star reviews, we consider that
word to be extremely negative. If any word occurs an equal number of times in both,
positive and negative reviews, we consider that word to be neutral in polarity. Hence,
using this method we get the context-based sentiment polarity of the words.

4 Implementation and Experimental Results

The proposed work is implemented using Python programming language [12]. The
preprocessing operations and POS tagging is carried out using the Natural Language
Processing Toolkit (NLTK) [3]. Gensim topic modelling library [11] is used for LDA
implementation.

The dataset for the study presented is sourced from Amazon [8]. It is a collection
of Amazon reviews on the topic Cell Phones and its related Accessories. The first
part of the work consists of the use of LDA to extract groups of words forming
similar topics so that whenever the user starts Tweeting about a topic, all the related
words get displayed to him/her to help him make his Tweet more informative. The
optimal number of topics for the stated dataset was found to be 5 with five words
in each topic. The algorithm was run for 10 passes. As we increased the number of
topics and words, it is observed that the topic clusters lost their coherence; hence,
we restrict the number of topics and number of words to 5.

The topics along with the words obtained are displayed in Table 1. Topic 1 cor-
responds to battery or charging. Topic 2 describes the case or the protection of the
phone. The third topic can be estimated to vaguely describe the protector of the
screen. The fourth topic is about cables or ports of mobile phones. The fifth topic,
as can be seen, describes the overall quality of the phone. Hence, whenever a user
types any one word from the topic, we can deliver him suggestions with other words
in the same topic to help him make his tweet more informative.

The next part of the work deals with identifying sentiment words with the correct
sentiment orientations in the concerned domain. Table 2 displays the normalized
occurrence frequency of sentiment words across various review categories. As can
be seen words like poor, less, cheap have higher occurrence frequency in 1/2 star

Table 1 Topics discovered using LDA

Topic 1 Battery Device Phone Charger Charge

Topic 2 Case Protect Color Plastic Phone

Topic 3 Protector Screen Thing One Part

Topic 4 Cable Port Car Cord Tip

Topic 5 Quality Product Time Price Sound
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Table 2 Normalized occurrence frequency of sentiment words across review categories

1 Star 2 Star 3 Star 4 Star 5 Star

Less
1

Right
1

Bad
0.57269

Last
0.622323

Excellent
1

Poor
1

Second
0.452949

Cheap
0.355925

Clear
0.592842

Happy
1

Second
0.547051

Bad
0.297234

Clear
0.277108

Good
0.422779

Perfect
0.800259

Bad
0.42731

Cheap
0.267953

Full
0.235836

Little
0.301183

Good
0.703959

Cheap
0.376122

Last
0.170843

Good
0.172343

Nice
0.281524

Great
0.695143

Last
0.206834

Clear
0.13005

Hard
0.15393

Hard
0.27927

Easy
0.648894

First
0.095487

Better
0.079944

Better
0.153892

Long
0.266587

Best
0.640565

Better
0.064655

First
0.077419

First
0.114706

Easy
0.260472

New
0.637654

New
0.0644

Hard
0.077419

Little
0.107598

Best
0.248526

Long
0.632026

Good
0.053394

Good
0.070304

Nice
0.107075

Better
0.248526

Full
0.614961

Full
0.052943

New
0.053343

Long
0.101387

Full
0.235836

Nice
0.55073

Hard
0.052006

Nice
0.040275

Easy
0.090634

First
0.228803

Little
0.52144

Little
0.030312

Little
0.039468

New
0.085095

New
0.203437

First
0.508044

Nice
0.020395

Easy
0.029232

Best
0.069352

Perfect
0.199741

Better
0.452983

Great
0.018186

Great
0.027475

Great
0.060453

Great
0.198784

Hard
0.437375

reviews, hence, it can be inferred that these words are negative in polarity. On the
other hand, words like excellent, happy, great have higher occurrence frequency in
4/5 star reviews; conforming their positive polarity.

5 Conclusion and Future Work

The work presented a method to assist users in the task of Tweeting informative
messages in the required character length to make Twitter easier for the general
public. The LDA algorithm used for topic modelling groups related words belonging
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to a common topic together from the dataset which can be displayed to the Twitter
users as help while he/she is typing the Tweet. The problem of different words having
different sentiment orientations in different domains is also taken care of since the
method doesn’t totally depend on sentiment lexicon to find sentiment orientations.
Instead, the method computes the sentiment orientations of words based on the
occurrence frequency in various classes of reviews. The future work consists of the
development of the entire system and a live user trial to find the effectiveness of the
system in the real world.
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Abstract News readers still look forward to well-established news sources for a
more accurate and detailed analysis of the news or articles. In this paper, we present
a model that can retrieve other news articles that provide essential context and back-
ground information related to the news article that is being looked into. The abstract
topics have been recognized using Latent Dirichlet Allocation. A similarity matrix
has been created after the extraction of topics using two methods, cosine similarity
and Jensen–Shannon divergence. This paper describes the implementation and gives
a brief description of both the similarity methods. It also gives a comparative study
of both methods.
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1 Introduction

In today’s time, we have to keep ourselves notified with all the incidents happening
around us. Keeping ourselves informed with the latest news around us shapes the
way our mind thinks. To analyze an incident properly and to get to a conclusion
and consequences, the reader must know the complete details of the incident. People
who find the news interesting also look forward to a similar type of blogs and articles
which report incidents that have occurred in the past. Despite the wide range of
internet resources, the news seekers still look forward to a well-established system
that would provide a more accurate and detailed analysis of the news events. Given
a news article, the model should be able to find past related news articles or blogs
related to the present news article. This background linking of information help users
to find similar events that have occurred in the past, which in turn would help the
reader to analyze the events in a better way. Much research is in progress in the
field of information retrieval and natural language processing to develop a system of
this kind. We have worked to develop a similar model. This model predicts similar
articles related to the present news articles. The news articles are first tagged with
topics that describe the news, i.e., sports, national, international, crime, etc. After
assigning the news articles with the topics, we consider the topics of the news article
of which the similar articles are to be found out. We find out the similarity of the
topics with the topics of the other documents by creating a similarity matrix. This
similarity matrix helps in measuring the similarity of topics for a given document
with respect to others. Thus, we have the articles and blogs related to each other in
a sorted order based on the score given by the similarity matrix.

2 Related Work

News background linking is the way to provide users context and background about
the news they are reading now. Various rule-based approaches are previously used
to find the text similarity and in turn to link related news articles.

In finding and linking incidents in news [1], authors use the clustering of text
passages followed by pre-built rules for text linking. They also try to define the global
score function to solve the optimization problem. In the paper Temporal Linking
of News Stories [2], authors present a framework to link the past news articles
of any article based on temporal expressions and other pieces of information such
as persons mentioned and keywords. As many such methods work based on pre-
built rules, they can become inefficient if the dataset size increases. Zhou Tong
and Haiyi Zhang [3] did a text mining research and performed two experiments. In
the first experiment, they applied LDA-based topic modeling on Wikipedia articles
building a topic document model that provides a solution in searching, exploring,
and recommending articles. The second experiment was conducted on twitter user’s
tweets which builds amodel over Twitter user’s interest.More recently,Minglai Shao
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Fig. 1 Process flow

and Liangxi Qin [4] proposed that the LDA model + Jensen–Shannon (JSD) cannot
differentiate semantic associations among text topics in computing text similarity.
To this method, they introduced word co-occurrence analysis. Results show that the
LDAmodel + JSD along with word co-occurrence analysis effectively improves text
similarity computing result and text clustering accuracy (Fig. 1).

3 The Proposed Framework

3.1 Dataset

For the implementation of news background linking, we have used the TREC (Text
Retrieval Conference) Washington Post Corpus. This dataset contains information
regarding 608180 documents dated from January 2012 toAugust 2017. These articles
are separated into six files that are present in JSON format. The dataset includes the
details of all the news articles which include the title of the news article or blog post,
the author’s name, date of publication, section headers, article content, and links to
embedded images and multimedia.
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3.2 Data Preprocessing

As the data is obtained from the Washington Post Corpus, it is already spell checked
and without grammatical errors. Still, as the dataset is in the format of the HTML
dump, we pre-process the data before applying any further model for similarity
checking. We perform several steps in series on the dataset as follows:

– HTML decoding and removal of images to get only news content
– Removal of links and numbers from text
– Contraction Expansion and negation handling
– Punctuation removal and lowercase transformation
– Stemming and tokenization.

We performed this pre-processing on both the news title and new content to give
clean data as input the LDA model used for topic modeling.

3.3 Topic Modelling

Topic Modeling [5] is an unsupervised method of finding the most relevant topics
from a collection of documents. Themain idea is to represent documents as vectors of
features (distribution of topics and words) where the distance between these features
is used to compare them. Various algorithms like LDA, LSI, and NMF are used for
the topic modeling. We use the method of LDA for the topic modeling in this paper.

Hierarchical Dirichlet Process (HDP) For the training LDA model, we have to
assume several topics across the entire corpus. As the corpus is large enough, it is
inefficient to decide manually. We used the Hierarchical Dirichlet Process (HDP) [6]
approach and learns the correct number of topics from the given data. The model
was learning some number of topics, we figured it out by applying the HDP model
on the dataset. For the dataset, as the number was 20, we proceeded with it for the
LDA model (Fig. 2).

Latent Dirichlet Allocation (LDA) LDA [5] is a topic modeling technique in which
each document corresponds to several topics and each topic corresponds to several
words. What exactly LDA does is

– LDA helps us getting the different sorts of topics in our corpus.
– LDA gives a better understanding of the type of documents in our corpus, i.e.,
news, magazines, stories.

– LDA identifies the most important words in a corpus, document similarity, which
is all we want.

Here [7],

– M is the total number of documents
– N is the total number of words per document
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Fig. 2 Graphical model
representation of LDA

– w are observed words in document i
– z gives the topic for word j in document i
– θ gives the topic distribution for a document i
– α and β is the document–topic density and topic–word density, respectively.

What exactly LDA gives:

– Topic distribution for each document. [p(topic/document)]
– Word distribution for each topic. [p(word/topic)]

We try to understand the model at the highest level. The model assumes that each
document will hold several topics and the words in each document contribute to these
topics.

3.4 Document Similarity

For predicting the news articles with the maximum similarity to the present article,
we used two different techniques that used the trained LDA model as described in
the above section.

Jensen–Shannon Distance Approach

After the training of the LDAmodel, on one side, each document in our corpus gives
the topic distribution, and each topic gives the word distribution. On the other side,
using the trained LDA model, we get the topic distribution of the test document, and
our goal is to get the most similar documents in the corpus. Now, we get the topics
vector and these vectors are used to measure the distance between the topics vector
of a test document with the topics vector of all the documents in the corpus. This
distancemeasured is known as the Jensen–Shannondistancemetric. Jensen–Shannon
distance is calculated by comparing the topic distribution of test document and the
topic distribution of documents in the corpus. The formula of JSD [3] is obtained
by the symmetrization of Kullback–Leibler Divergence(KLD). KLD’s [4] had a
limitation. KLD is the measure, which states the difference between a probability
distribution and another reference distribution. It lacks symmetry and this is resolved
by JSD.
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For discrete distributions P and Q, the JSD [3] is defined as follows:

JSD(P ||Q) = 1

2
D(P ||M ) + 1

2
D(Q ||M )

where M = 1
2 (P ||Q)

and D = Kullback–Leibler divergence

D(P ||Q) =
∑

i

P(i)log

(
P(i)

Q(i)

)

JSD(P ||Q) = 1

2

∑

i

[
P(i)log

(
P(i)

1
2 (P(i) + Q(i))

)
+ Q(i)log

(
Q(i)

1
2 (P(i) + Q(i))

)]

The Jensen–Shannon Distance is given by

√
JSD(P ||Q)

We calculated the Jensen–Shannon distance for each document in the corpus and
the test document. The value of Jensen–Shannon distance metric lies between 0 and
1. If the value is close to 0, then it says that two documents are more similar and if the
value is close to 1, we can consider that the two documents are not at all related with
each other. Finally, we set some threshold value between 0 and 1, say for example,
0.3 which signifies that group all the documents which are at least 70% similar to the
test document. This threshold value indicates the degree of similar documents that
we want.

Cosine Similarity Approach

The cosine similarity (CS) approach is used to find the degree of similarity between
two vectors bymeasuring the cosine of the angle between the documents. By treating
the topic distribution of each news as a vector, we use cosine similarity approach to
find similarity between them.

CS between vectors A and B:

CS(A,B) = cos(θ) = A · B
‖A‖ ‖B‖ =

∑n
i=1 AiBi√∑n

i=1 A
2
i

√∑n
i=1 B

2
i

Mathematically, CS measures the cosine of the angle between two non-zero vec-
tors, which is a representation of the orientation of one vector concerning others and
not the magnitude. If the CS is 1, then the vectors are said to be closely related. The
CS of 0 represents vectors orientated at 90 degrees, while CS of -1 is for the vectors
that are diametrically opposite. As the angle between the vectors decreases, the CS
value increases.
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To find a document which is similar to the dataset for a given document, the
following approach is used:

– The topic distribution across the complete dataset is obtained from the process of
topic modeling using LDA.

– Using the trained LDA model, we find the top five topics for the given document.
This is the document for which we need to find other similar documents.

– We iterate over other documents and find their topics using a trained LDA model.
CS is used as an evaluation metric to find the similarity of these topics with respect
to the given document.

– As the value of cosine similarity increases from −1 to 1, it suggests that the
documents similarity increases. The document having maximum cosine similarity
for the topics is the one which is most similar.

For example, the document with topics obama, president and republicans is more
similar to the one with topics senate, whitehouse and campaign, rather than the one
with health, hospital and patients.

4 Results and Analysis

As it was not possible to run the above model of finding similar news on the entire
dataset due to its size and unavailability of ground truth, we selected a subset of the
dataset with 400 articles, primarily focused on the domains of sports, politics and
technology. We then manually labelled each news with three most similar news from
the above subset by discussing with domain experts. For the comparison purpose,
we assigned a score on range 0–3 to each news article, based on how many predicted
news articles by the model matches with the labelled articles for it. While 0 means no
predicted news is present in the manual labels, 3 is the score for the news whose all
predictions match with themanual labels,We can analyze the output of bothmethods
by the following example. Table 1 describes ground truth for the given news.

As the CS approach predicts two news articles out of three correctly in Table 2,
we assign a linking score of 2 out of 3 to this news article.

As the Jensen–Shannon distance approach predicts all news articles correctly in
Table 3, we assign a linking score of 3 out of 3 to this news article.

Table 1 Labeled similar news for the given news

Given news: bubbly planet venus starts off new year

Labeled similar news for the given news

1 Sky watch: vivacious venus returns

2 Jupiter bows out as venus takes center stage

3 For valentine’s day, venus and jupiter snuggle up
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Table 2 Cosine similarity approach

Predicted news Similarity score
(%)

1 Sky watch: vivacious venus returns 54

2 Jupiter bows out as venus takes center stage 50

3 Williams sisters advance to gold medal match in doubles 39

Table 3 Jensen–Shannon distance approach

Predicted news Similarity score
(%)

1 Sky watch: vivacious venus returns 58

2 For valentine’s day, venus and jupiter snuggle up 53

3 Jupiter bows out as venus takes center stage 44

Table 4 Comparison between similarity approaches

Method Average linking score

Cosine similarity approach 2.1

Jensen–Shannon distance approach 2.4

We repeat this process for all the 400 news articles using both methods and
calculate the average linking score for them.

As we can observe in Table 4, the average linking score of the Jensen–Shannon
distance approach is greater than the CS approach. So, the Jensen–Shannon approach
works better than the CS approach for linking and finding similarity between long
articles like entire news content.

5 Conclusion

In this paper, we discuss and analyze two different methods to get the related docu-
ments to the given document on the news articles dataset. We also discuss the critical
ways in which these two methods differ. The document similarity task using topic
modelling is enabling to get background contextual information about the given
news, giving a detailed analysis of both the news and related topics. The automated
background news linking using the image and video content along with the text data
and author information are considerable problems for the research in this domain.
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Formation of Straight Line By Swarm
Robots

Arijit Sil and Sruti Gan Chaudhuri

Abstract This paper proposes a distributed algorithm for computational mobile
entities popularly known as swarm robots that operate and move in continuous
space to arrange themselves in a straight line. The robots, following the standard
OBLOT [1] model, are identical, anonymous, homogeneous. They do not agree
on any global coordinate system, but the direction and orientation of the X-axis.
Each robot maintains a local coordinate system. The robots do not communicate
through message passing. The robots perform look–compute–move cycle in repeti-
tion in semi-synchronous scheduling where the robots do not store any data for future
cycles. The algorithm presented assures collision-free movements of the robots.

Keywords Swarm robots · Line formation · Limited visibility

1 Introduction

Aswarmof robots is a group of autonomousmobile computational agents performing
a task collectively. Formation of different geometric patterns is one of the most
fundamental tasks of mobile robots in order to execute a job cooperatively. The
objective of this mobile robot systems is often to perform patrolling, sensing and
exploring in a harsh environment such as disaster area, deep sea and space without
any human intervention. In this paperwe address the pattern formation problemusing
a deterministic algorithm that, being executed separately by every robot present in the
universe U, allows the entire set to participate in formation of a straight line, within
finite time, ensuring collision-free movements in a semi-synchronous environment.
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Earlier Works: All reported line formation algorithms [7] for mobile robots con-
siders that the robots as points and they are able to sense all other robots. A point
robot neither creates any visual obstruction nor acts as an obstacle in the path of
other robots. Czyzowicz et al. [3] extended the traditional weak model of robots by
replacing the point robots with unit disc robots (fat robots). Only some solutions on
gathering problem has been reported for fat robots [1, 9, 10]. Under limited visibility
gathering is solved for point robots [6] and fat robots [2]. Dutta et al. [4] proposed a
circle formation algorithm for fat robots assuming common origin and axes for the
robots. Here, the robots are assumed to be transparent in order to avoid visibility
block. However, a robot acts as an physical obstacle if it falls in the path of other
robots. Datta et al. [5] proposed another distributed algorithm for circle formation
by a system of mobile asynchronous transparent fat robots with unlimited visibility.
Vaidyanathan et al. [11] used robots bearing a constant number of lights in arbitrary
pattern formation.

Framework: The system is composed of a set R = {r1, . . . , rn} of n computational
entities or robots, that operate in a continuous spatial universe U in which they
can move. The robots follow the de facto standard OBLOT model and manifest the
following characteristics:

– Each robot is provided with its own local memory and is capable of performing
local computations with (infinite precision) in real arithmetic.

– They are anonymous,i.e. they do not possess any distinct identities that can be
used to separate it during the computation.

– The robots are autonomous, i.e. they operate without a central control or external
supervision.

– They are homogeneous, i.e. they all have and execute the same protocol, or algo-
rithm.

– A robot is represented as an opaque disc with a unit radius which works both as a
physical and visual obstruction to other robots.

– The robots do not adhere to any global coordinate system. Each robot considers
its position as the origin of its local coordinate system. They agree only on the
direction (i.e. +ve and −ve X-axis) and orientation of X-axis. Although, it follows
that the robots also agree on the orientation of Y-axis but not necessarily on the
direction of +ve and−ve side of Y-axis. Finally, the robots also agree on the length
of unit distance. Here, the radius of the robots is considered as one unit.

– A robot can observe/sense the part of the universe U that falls within its visibility
range radv (same for all robots); the visibility range is assumed to be limited

– Each robot operates in Look–Compute–Move (LCM) cycles; in each cycle, it
observes its surroundings, then it computes a destination point and finally moves
towards it.

1. Look: The robot takes snapshot of visible universe U. This operation is instan-
taneous and the result is a snapshot indicating the positions of all other robots
within its radius of visibility expressed the in local coordinate system.
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2. Compute: The robot executes the algorithm (again, same for all robots), using
the snapshot of the Look operation as input. The result of the computation is a
destination point.

3. Move: The robot moves towards the computed destination.

– The robots execute this cycle following semi-synchronous scheduling where the
activation of the robots is logically divided into global rounds; in each round, one
or more robots are activated and obtain the same snapshot.

– The robots are oblivious. At the end of a cycle, all obtained information (observa-
tions, computations and move) are erased.

– The robots do not know about the total number of robots present in the system.
– The robots are silent. They have no means of direct communication of information
to other robots.

– The robots form a logical graph G(V,E). Every robot is a vertex v ∈ V in G. There
exists an edge e, e ∈ E between the robots ri and r j if and only if they can see each
other. Initially, the graph G is assumed to be connected which implies that every
robot can see at least one other robot.

– Initially, the robots are stationary and the mutual distance between two robots (the
distance between the centres) is ≥ 3 units.

2 Overview of the Problem

Let R = {r1, r2, r3. . . . .rn} is a set of n robots under the model described in the
previous section. The location of a robot ri ∈ R, is represented by the location of its
centre which is always the origin of the local coordinate system Zr . The robots in R
have to move in such a way that after a finite amount of time they arrange themselves
on a vertical (with respect to X-axis) straight line. Regardless of the speed, the
robots are assumed to have rigid or unlimited mobility, i.e. all robots always reach
their destinations when performing Move. In this model, the robots always move
towards the destination point strictly along a straight line and never follows a curved
path. As the robots are viewed as solid circular discs with extent, multiplicity is not
permitted which means no two robots can occupy the same place at the same time.
Collision is deemed undesirable, is avoided algorithmically by designing protocols
for every valid movement.

Definition 1 Each robot ri ∈ R, can see up to the perimeter of a fixed circular area
around itself. This radius of this circular area is called the visibility range of ri and
is denoted by radv , where radv > 4 unit. Visibility range is of same length for every
robot in R.

Definition 2 The circle centred at robot ri ∈ R and having radius radv is called the
visibility circle of ri denoted by VC(ri ). ri cannot make any observation beyond the
perimeter of VC(ri ).
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Definition 3 The set of robots present within VC(ri ) of ri ∈R are called neighbours
of ri .

Definition 4 A point is a free point if there exist no parts of another robot around a
circular region of radius one unit around this point.

Definition 5 A path of a robot from source to destination point is called free path,
if the rectangular area having length as the distance between source to destination
and width as two units, does not contain any part of another robot.

When a robot ri ∈ R becomes active, it enters into the first phase of the active
cycle, i.e. Look state. In Look state, ri takes a snapshot of the robots that are present
within VC(ri ) and plots those robots in its local coordinate system Zr . This set of
robots form neighbours of ri with respect to Zr , neighbours ri can be divided into
eight distinct and non-overlapping (not considering ri ) sets. Refer to Fig. 1.

– Set A consists of the robots partially or fully present in the area of unit distance
around the positive Y-axis but it does not contain robot ri itself.

– Set C consists of the robots partially or fully present in the area of unit distance
around the positive X-axis.

– Set F represents the robots partially or fully present in the area of unit distance
around the negative X-axis and set I contains the robots partially or fully present
in the area of unit distance around the negative Y-axis.

– Set B and D account for the robots that fall within the first and second quadrants
of the local coordinate system, respectively (leaving the robots in A, C and I).

– The robots which are in the third and fourth quadrants of the coordinate system
Zr make the sets E and G, respectively (leaving the robots on A, F and I).

Towards the centre of the coordinate system the sets A, C, F and I overlap. But,
this area is only occupied by ri as the model does not permit multiplicity and thus
does not affect the overall distribution of neighbours of ri in different sets.

Fig. 1 Local view of a robot
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Next, in the computation phase, ri executes our algorithm to check whether it
should make a move in this cycle or not. The algorithm considers all possible sce-
narios and determines whether ri should travel or remain static and it also computes
a destination point T for ri . In the final phase called Move of the current cycle,
ri travels to the final destination point T. This movement of ri to T adheres to the
following criteria:

1. The visibility graph G(V, E) remains connected.
2. T is a vacant point and the path to T from the initial location of ri is a free path.

3 Description of the Algorithm

The algorithm,which is executed by all the robots separately under semi-synchronous
environment, determines the length and direction of the movement of the concerned
robot in the current cycle. The algorithm is divided into two subroutines. First subrou-
tine, NoMovement () identifies the cases where the robot shall not move, whereas
the second subroutine get Destination() computes the destination point T of the
robot.

NoMovement

(ri ): ri will not move under the following scenarios:

1. If ri does not find any other robot in its visibility circle which happens if and only
if there is only one robot.

2. If E ∪ F ∪ G is not empty.
3. If B ∪ C ∪ D is empty.

getDestination (ri ): This subroutine considers all the robots that are visible to ri and
ahead of it in the direction of positive X-axis (hereinafter referred as RIGHT). When
B∪C∪D is not empty then the algorithm finds the nearest axis parallel to Y-axis that
contains one or more robots from B ∪ C ∪D. Let,ψright be that axis. The subroutine
then considers four different scenarios.

Suppose, the robots partially or fully present in the area of unit distance around
the axis ψright that are within the visibility range of ri forms the set Rψright (Fig. 2).
The coordinate of ri is taken as (0,0) w.r.t. its local coordinate system. We categorize
different scenarios depending on the number and distribution of robots on ψright .

Scenario 1: If Rψright ∩ C is empty, (Fig. 3), which means none of the robots in
Rψright resides on X-axis, then the coordinates of the destination point T(xT , yT ) is
given by:
xT = d + 0 [where d = distance along X-axis from current position of ri to the
intersection point between X-axis and ψright ].
yT = 0.
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Fig. 2 An example of set
Rψright

Fig. 3 Scenario 1

Scenario 2: If Rψright ∩ C is not empty and Rψright ∩ B is not empty and Rψright

∩D is empty (Fig. 4) then Rψright has a robot on X-axis, it has got one or more robot
that belongs to set B, but does not have any robot that belongs to set D. So, if ri only
moves horizontally, it will collide with the robot already present on the intersection
point of ψright axis and X-axis as it is not a vacant point. So, its horizontal shift must
be accompanied by a vertical shift in the negative Y direction. So, the coordinates
of the destination point T is given by: xT = 0 + d [where d = distance along X-axis
from current position of ri to the intersection point between X-axis and ψright ].
yT = 0 − 2 X (1 unit distance) [where 1 unit distance = the radius of robots]. As the
set D does not contain any robot onψright axis, ri does not have to face collision with
any other robot as the path it follows along the hypotenuse of righ- angled triangle,
with two other sides having length d and 2 X (1 unit distance), inside the second
quadrant is a vacant path.

Scenario 3: If Rψright ∩ C is not empty and Rψright ∩ B is empty and Rψright ∩ D
is not empty (Fig. 5), then Rψright has a robot on X-axis, it has no robot that belongs
to set B, but does have one or more robot that belongs to set D. So, if ri only moves
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Fig. 4 Scenario 2

Fig. 5 Scenario 3

horizontally, just as in the previous scenario, it will collide with the robot already
present on the intersection point of ψright axis and X-axis. So, its horizontal shift
must be accompanied by a vertical shift towards the positive Y direction. So, the
coordinates of the destination point T is given by:

xT = 0 + d [where d = distance along X-axis from current position of ri to the
intersection point between X-axis and ψright ].

yT = 0 + 2 X (1 unit distance) [where, 1 unit distance = the radius of robots].
As the set B does not contain any robot on ψright axis, ri does not have to face

collision with any other robot as the path it follows along the hypotenuse of right-
angled triangle, with two other sides having a length and 2 X (1 unit distance), inside
the first quadrant is a vacant path.

Scenario 4: If Rψright ∩ B, Rψright ∩ C and Rψright ∩ D none of these sets are
empty (Fig. 6) then the robot ri computes its destination point T as follows:

1. If A is completely empty and I is not empty, then ri moves towards positive Y-axis.
So the coordinates of the destination point T is given by:
xT = 0. yT = 0 + radv
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Fig. 6 Scenario 4

2. if I is empty and A is not empty, then ri moves along negative Y-axis. So, the
coordinates of the destination point T is given by:
xT = 0. yT = 0 − radv .

3. If both A and I are empty, then ri can move along either positive or negative
Y-axis.

4. If both A and I are non-empty, then ri does not move.

In this scenario, ri only makes a move along positive or negative Y-axis when A
or/and I is/are empty which makes the travel route a vacant path and as A or/and I
is/are empty the destination point which lies on Y-axis and also is inside A or I is a
vacant point. Therefore, the travel path of ri is collision-free path.

4 Correctness

The robots successfully form a straight line in finite time using our proposed algo-
rithm. The algorithm ensures the following features:

– The robots will move towards positive X axis with a goal to be placed on the global
rightmost vertical axis RMA that contain any robot, on which the final straight
line will be formed. This axis is static the algorithm assures that the robots will
not cross RMA.

– The visibility graph G does not become disconnected. Otherwise, the robots in a
particular component will have no knowledge about the robots in another compo-
nent and a single straight line may not form.

– The robots do not collide.
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Fig. 7 Initial configuration

Fig. 8 Intermediate
configuration

– The robots do not fall into deadlock to form the straight line as the intermediate
configuration is such that at least one robot will be there to perform a movement
towards RMA. This assures the finiteness of the algorithm.

– The semi-synchronous scheduling assures that the robots will not capture any
moving robots. This eliminates the possibility of having obsolete positional data.

A simulation using Visual C# is successfully done to check the correctness of the
algorithm. Figures 7, 8 and 9 show the snapshots of the simulation results of the
positions of robots at initial, intermediate and final configurations, respectively.

Now we give the proofs of the above claims with the help of following lemmas.

Lemma 1 The connectivity graph G remains connected.

Proof ri is in Scenario 1, robots in B or C or D will not move due to the presence
of ri according to our NoMovement( ) subroutine. Now, we will show that when ri
is moving to its destination it gets closer to the robots in B, C and D. Without loss
of generality, let us prove this by taking the existence of any robot in B. The same
arguments hold for the presence of robots in C or D.

Let s be the starting location of ri (Fig. 10). Let there exists a robot rb in B at point
b. Let t be the destination of ri . ri moves along the edge st of the triangle δ stb.
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Fig. 9 Final configuration

Fig. 10 An example of
scenario 1 and connection
preservation

In the right-angled triangle stb, tb < sb (since sb is the hypotenuse). Hence, when
ri moves to t, it becomes closer to the robot present in B.

Using the similar argument we can prove that ri is in Scenario 2 or 3 due to the
movement of ri , it becomes closer to the other robots present in B, C and D, Hence,
there runs no chance to get disconnected with any robot within its visibility circle.

Now when ri is in Scenario 4, no robot in B or C or D moves following NoMove-
ment( ) subroutine. First, consider the case when I is empty. Then ri moves along
negative Y-axis by radv distance. Note that ri in its new position is connected with
the robots in D. Also note, the robots in D are connected with B, C and A. Using the
same argument we can conclude that when ri moves along positive Y-axis, as A is
empty, for a distance of radv to its new position and remains connected with robots
in B, C and D. Hence, G remains connected. �

Lemma 2 The robots never collide

Proof (i) InMove phase, a robot ri does not collidewith any of the robots present
within its visibility circle:

In scenarios 1, 2 and 3, ri moves to its nearest populated vertical line ψright only
when there is a vacant point on it.
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Consider scenario 1, ri moves to the intersection point of +X-axis andψright . This
point is vacant according to the algorithm. The path towards this point from current
position of ri is also a free path as there is no vertical line between Y-axis and ψright

containing any robot.
Consider scenario 2, ri moves to the vacant point onψright at B. The path towards

this point from current position of ri is also a free path as there is no vertical line
between Y-axis and ψright containing any robot.

Scenario 3, is the mirror image of Scenario 2 where ri moves to the vacant point
on ψright at D through a free path.

Consider scenario 4, ri moves up/down along Y-axis only if it can have a free path.
Otherwise, it does not move and thereby nullifies the possibility of any collision.

(ii) In Move phase, a robot ri does not collide with any of the robots present
outside its visibility circle:

In scenarios 1, 2 and 3, ri moves to a vacant point t on its nearest populated vertical
line ψright . Now a robot routside which lies outside the visibility circle of ri cannot
possibly compute point t for its destination point, as in order to do so routside cannot
be separated from ri by more than 4 unit distance. But, as the fixed visibility circle
radius for all the robots is at least radv > 4 − unitdistance, routside will be having
a destination point other than t. Consequently, ri and routside never collide.

In scenario 4, ri moves only along the (+ve) or (−ve) Y-axis only by a distance
of 2 unit. So, it is not possible to collide with a robot routside, as it is at least 5-unit
distance away from ri . �

Lemma 3 There exists always a robot which will move unless the robots in R has
formed a straight line on RMA.

Proof If a robot sees any robot at its RIGHT side, it will move. If it does not see
any robot in B ∪ C ∪ D, it does not move. This is possible in the following two
cases. (i)There is only one single robot. (ii)The robots have formed a straight line.
The robots do not form a straight line, but there exists another robot in A or I which
has the connectivity with the right side or left side of the Y-axis. For both the cases,
there exists robot other than ri , which will move. Hence, the lemma is true. �

Lemma 4 If the robots do not form a vertical straight line yet, there is always a
robot that will leave its Y-axis after a finite time and move in the +X direction.

Proof The proof follows from lemma 3. Given a set of robots R on the 2D plane in
its initial configuration, through our algorithm the robots are finally placed on the
RMA and form the required straight line. �

Lemma 5 Each robot will move closer to RMA in finite time interval.

Proof If a robot finds any robot at its right side, it moves in +X direction following
scenarios 1, 2 and 3 on to its ψright . As a result, robots do not stay idle for infinite
time and is also guaranteed to reach to its ψright in finite time, i.e. closer to RMA.
In scenario 4, ri moves up and down along Y-axis if there exists a free path. When
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ri moves up/down its visibility circle also moves up/down and it covers a new set
of robots. Eventually, ri moves towards right and placed on the next vertical line
nearer to RMA. If ri does not move down, there exists another robot to move and,
eventually, ri gets its chance to move unless the straight line is already formed. �

Lemma 6 None of the robots ever crosses the RMA of the set of robot.

Proof Suppose there is a robot ri which has crossed RMA. ri can do that in two
different ways. If ri was initially on RMA then, it has left that axis to move to
RIGHT or ri was initially LEFT of RMA and has crossed it while going towards
RIGHT. In the first case to leave RMA, ri has to observe an axis containing robots
towards RIGHT. But as ri was sitting on RMA no such axis can exist and therefore it
contradicts our assumption and therefore once on RMA, ri cannot leave it anymore.
In the second case, ri was LEFT of RMA and in order to go past RMA, it has to
find RMA to be the nearest axis containing robots towards RIGHT as there is no
other axis with robots RIGHT of RMA. But if RMA is the nearest axis then the
maximum horizontal shift would take ri up to RMA and not beyond that and once
it reaches RMA, ri cannot leave it anymore. Therefore, the scenario contradicts our
assumption. So, by contradiction, we can say that none of the robots ever crosses
RMA. �

Lemma 7 All the robots in R will be on the RMA in finite time.

Proof According to Lemma 5, each robot ri reaches its ψright in finite time. This
implies that after a finite time there will be a configuration where RMA will be the
ψright for every robot. After this configuration in finite time, all robots will move on
RMA. �

Finally we can summarize the result in the following theorem:

Theorem 1 A set of autonomous, oblivious, homogeneous, non-communicative, fat
and opaque robots having limited visibility while operating under semi synchronous
environment with one axis agreement, can form a straight line in finite time using
collision-free movements.

5 Conclusion

In this paper, we have shown that, for a set of weak and fat robots, there exists a
solution to straight line formation problem under limited visibility in a semi- syn-
chronous environment without collision. In future, we would like to address the same
problem excluding axis agreement. Inspecting the solvability of identical issues in a
fully asynchronous environment also poses an interesting challenge.
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A Novel Technique to Utilize Geopolitical
Risk as a Factor for Predicting Gold Price

Debanjan Banerjee and Arijit Ghosal

Abstract Accurate prediction of commodity prices by using geopolitical risk as a
significant factor has been investigated by researchers and investors. The proposed
work creates a model for the quantification of geopolitical risk by using country
and event-specific economic impact as aspects. The work also utilizes panel data
regression techniques on different gamuts of data to identify the features that have
the most influence on the gold price. The work also contributes to developing the
concept of event intensity which can be considered as a variable that helps us to
investigate the potential impact on the economic sphere of the geopolitical event in
a given time period.

Keywords Geopolitical risk · Linear regression · Machine learning ·
Event-intensity

1 Introduction

In the contemporary world, some political events such as incidents of war, terrorism
do have a significant impact over economic events and they significantly impact
commodity prices like gold or crude oil. However, the impact of all the events are
not same, i.e., reinstatement of the US sanctions on Iran will not have the same
impact on the worldwide commodity prices as India recalling her ambassador from
Pakistan. The type of event is also by itself a very significant factor in influencing
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the possible impact over many subsequent issues such as the economic output of
a country. Until now most researchers have attempted to quantify the geopolitical
risk in terms of total references to a given event. However, the gap in this particular
approach to the quantification of geopolitical risk is that this approach does not take
into consideration the potential economic impact of the particular geopolitical event
as well as the fact that different types of geopolitical event may cause a variable
impact on the economic front. Thus, there is the need to take into consideration
the economic impact of the geopolitical events for quantification of the geopolitical
events. The current work utilizes a novel method to quantify geopolitical risk while
using constraints for geographical position and type of geopolitical event and thus
forms the geopolitical risk model. The major difference between the current work
and previous other works with respect to the quantification of geopolitical risk is
that the current work takes into consideration the potential impact on gross domestic
product (GDP) before and after a specific geopolitical event. All the data and features
which are part of the work have been collected from the open source, i.e., various
online sources like moneycontrol.com.

2 Related Work

The researcher community is concerned about the fact thatwhether and howmuch the
political events of the day do impact themacroeconomics of a country. Baker et al. [2]
built an economic uncertainty model and this proved that the US economic situation
fluctuates regularly whenever important events like the US presidential elections
or wars take place. Banerjee et al. [1] utilized the concept of geopolitical risk to
predict the price of London Gold Price fix prices. Barro and Ursua [3], Barro [4], and
Blum [6] have observed that unpredicted macroeconomic events do severely impact
stock market prices and, correspondingly, they also impact the gold prices. Caldara
and Iacoviello [7] first conceptualized and quantified the geopolitical risk factor and
they did use the total amounts of references in news media for that purpose. The
current work improves upon their previous work by introducing different aspects
like country-specificness, event intensity, and potential economic impact of these
geopolitical events to formularize geopolitical risk in an unique way. Das et al. [8]
utilized panel data regression techniques to investigate the impact of FDI on labor
productivity in the Indian banking sector. Jiaying and Stanislav [9] performed panel
data regression on multivariate data to explore quantile properties of the same data.
Saiz and Simhonson [5] has observed that specific newspaper items like terrorism
and war do have significant impacts on the American economy.
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3 Importance of Selecting Geopolitical Risk as a Feature

The present approach for quantifying geopolitical risk and analyzing its impact over
gold price can be described in the following steps. This work considers geopolitical
risk.

– Defining geopolitical risk: This is the very first step whereby this work defines
geopolitical risk as a function of three important aspects. The country of origin of
the event in question, the type of event, and most importantly the economic cost of
the event. The economic cost could be considered in terms of possible fluctuation
in the stock and commodity markets as well as in terms of domestic and foreign
investments.

– Computation of geopolitical risk: The current work uses a formula whereby the
geopolitical risk is computed in a daily manner involving the economic aspect of
the impact of the geopolitical event. The location of the situation, the types of
situation are taken into consideration while computing the geopolitical risk.

– The current work utilizes geopolitical risk as a feature and would like to observe
the influence of the same with respect to the London Gold Price Fix.

Geopolitical Risk as a Feature Group The whole gamut of features that are having
possibly significant influence over gold price can be categorized into four groups.

These groups are

– Supply-based features: These types of features are gold extraction indexes, the
total production of gold production companies and countries, etc.

– Demand features: These types of features are GDP growth rate, BDI rates, various
countries′ like the US, Russia, China central bank gold purchase figures, etc.

– Financial features: Different types of stock and commodity exchange NASDAQ
and Dow Jones stock exchanges, currency exchange rates such as US Dollar–
Chinese Yuan exchange rate, Euro–Yuan exchange rate, etc.

– Political features: Geopolitical risk can be categorized under this particular type of
feature group. The potential challenges involve identifying and then quantifying
factors that determine geopolitical risk.

Quantifying Geopolitical risk as a feature The current work computes the geopo-
litical index based upon the following assumptions:

– Geopolitical events in some countries cause more uncertainty than the rest of
the countries and different types of geopolitical events have different types of
uncertainty ramifications.

The current work utilizes the spirit of Cobb–Douglas formulations after context-
based customizations to define geopolitical risk.

– The work assumes ct as the total contribution of the GDP of a country to the world
GDP in percentage at a given time t. This helps to categorize a given country based
upon their overall importance to the global economy.
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– The work assumesmt as the total change of the country’s GDP given a geopolitical
event at a given time t. This is crucial to investigate the amount of impact the
geopolitical event makes on a country’s economic output over a period of time t.

– The work assumes vt as the total change in the overall economic contribution of
the country to the world economy at a given time t. This helps to quantify the
economic impact of the geopolitical event to the contribution of the country to the
global economy.

The equation can also be expressed as the following:

Gt = cθ
t m

1−θ
t exp vt , (1)

where Gt is considered as geopolitical risk and c refers to the origin of the country,
whereas m represents the total monetary impact of the same event and v refers to the
event and t represents time. Dividing both side of the Eq. 1 with mt the following
Eq. 2 can be obtained.

Gt/mt = (ct/mt )
θ exp vt . (2)

In this Eq. 2, the ratio ct/mt will be referred further as event—intensi t y. So, we
can formulate geopolitical risk as on the following Eq. 3 with this ratio.

Gt/mt = (ct/mt , vt ). (3)

The empirically estimable Eq. 4 thus can be derived by taking natural logarithm on
both sides of Eq. 3 for a particular time t.

ln(Gt/mt ) = exp(ln(ct/mt )) + exp(ln(vt )) + ut , (4)

whereas ut represents the error term in the Eq. 4.
Once we complete the computation of the geopolitical risk as a feature by using

the above equations, we then include the same alongside other features to investigate
their potential influence over gold price by using regression procedures.

4 Experimental Results for the Regression Procedure

This work utilizes the panel data regression techniques with the help of the library
plm from the R programming language libraries. The panel data regression tech-
niques have been utilized since there are more than one variables in question and
time is also an important factor in these equations. All the major experimental results
involving all the major features on which the regression method was applied with
have been depicted in Table 1.

The work performs regression based upon certain criterion.
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Table 1 Comparison between geopolitical risk and other features

Feature Slope p-value R2 error F-statistic
p-value

Geopolitical risk 1.683 4.585 e16 0.918 5.376 e–16

US GDP growth rate 3.683 0.6413 0.008 0.7615

China GDP growth rate 5.683 0.5198 0.009 0.5376

China central bank gold purchases 11.683 2.9785 e–16 0.818 3.459 e–16

NASDAQ stock exchange index 4.683 0.1467 0.678 0.1543

USD–CNY exchange rate 1.367 6.789 e–16 0.927 7.76 e–16

– The work uses a null hypothesis which assumes that there is no influence of the
utilized feature over the gold price and the target variable in these regression
procedures is London Gold Price Fix PM.

– The null hypothesis can be rejected based upon two following conditions when
the prob. value and the F-statistic prob. value both are having a value less than
0.01 then only the null hypothesis is rejected and the alternate hypothesis, i.e., the
utilized feature in question does have influence over the given target variable is
accepted.

We observe by analyzing the data from regression statistics in Table 1 that the
following features do influence the gold price as they all satisfy the same following
condition:

– Geopolitical risk feature has Probability 4.585e–16 and F-statistic Probability
5.376e–16. Both of these values are less than 0.01.

– China central bank gold price purchases feature has Probability 2.9785e–16 and
F-statistic Probability 3.459 e–16. Both of these values are less than 0.01.

– USD–CNY exchange rate feature has Probability 6.789e–16 and F-statistic Prob-
ability 7.76e–16. Both of these values are less than 0.01.

By utilizing these three features the following model for prediction of London Gold
Price Fix can be constructed as depicted in the Eq. 5.

Y = 1.683 × X1 + 11.683 × X2 + 1.367 × X3 + e (5)

– Here, we refer London Gold Price Fix as Y, we refer Geopolitical risk as X1,
Chinabank gold purchases as X2, USD–CNY as X3 and Random Error as e.

4.1 Comparison with Previous Work

The current work performs better when being compared with previous work that was
performed by Banerjee et al. [2] which utilized the two-day lags of the three features
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Table 2 Comparison between geopolitical risk and other features

Work R2 error

Banerjee et al. [2] 0.6046

Das et al. [8] 0.7046

Proposed approach 0.7358

of the model and Das et al. [8] which utilized the power of the panel data concepts.
The details of the experiments in terms of the R2 error have been depicted in the
following Table 2. The newly constructed geopolitical risk index thus helps improve
the accuracy of the work. So it can be observed from Table 2 that there is a significant
improvement of performances after using the proposed approach.

5 Conclusion

This can be observed from the experimental results that using the aspects of country-
specific events and their potential impacts of those events on the overall economic
productivity of the country and to the overall economic contribution of the country to
global productivity help to give a completely new insight into look into the question
of geopolitical risk and this in result helps to improve the accuracy for the prediction
of the gold prices.
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Effect of Window Size on Fourier Space
of CMAM30 Model Data Generated
for Satellite Sampling

Subhajit Debnath and Uma Das

Abstract Canadian Middle Atmosphere Model (CMAM30) data is used to analyze
the temperature variation from1000 to 0.001hPa from2009 to 2010 to study the effect
of window size on two-dimensional Fourier spectra. Mean temperature, stationary
planetary wave (SPW1), and tidal components are extracted from the spectra using
window sizes of ±2, ±10 and ±30 days and examined over the equator and mid-
latitudes. Themigrating diurnal tide, DW1, hasmaximum amplitude over the equator
and increases with increasing altitude. SPW1, on the other hand, has maximum
amplitude over mid-latitudes and is practically absent over the equator. Further, by
using smaller window size short-term variabilities and finer variations of SPW1 and
the tides are understood. The Fourier space of model data is independent of window
size for satellite sampling and is thus concluded that large and non-overlapping
windows are suited for generating a Fourier space for satellite sampling.

Keywords Atmospheric tides · Canadian middle atmosphere model · Fourier
space · Satellite sampling

1 Introduction

Atmospheric tides are harmonics of solar days (24, 12, 8 h). Tides are generated by
diabatic heating of the atmosphere and wave–wave interactions. Tides are classified
into two types: (a) migrating tides which propagate westward with same phase speed
as the Sun and (b) non-migrating tides which propagate westward or eastward or
are stationary and have a phase speed that is different from the Sun [1–5]. Classical
tidal theory [6, 7] suggests that the real atmosphere can be represented as a super-
position of all these wave components over a background field. As the tides move
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vertically upward, tidal amplitudes increase with altitude due to decreasing density.
In the northern polar region, the amplitude of diurnal tide DW1 (Diurnal West-
ward propagating tide of wave number 1) is maximum between April and October
and also maximum in the southern polar region between October and April. The
amplitude of DS0 (Diurnal Stationary tide) is maximum in both polar region during
May–September [8].

Variability of tides in atmosphere has been established by investigations of model
and satellite datasets. TIMED (Thermosphere, Ionosphere, Mesosphere Energetics,
and Dynamics) is one of the satellites, whose data has provided many insights into
tidal variability. Due to the yaw of the TIMED satellite, which is in a near Sun-
synchronous orbit, it can cover all 24 h local times over a given location in approx-
imately 60 days [9]. So, by analyzing this data, we only get the average picture of
the tidal field. An important assumption here is that the background temperature
is not varying during this 60-day period. However, it is not true in reality and so
the background temperature can alias into the diurnal migrating tide [2]. Aliasing
can also take place between Stationary Planetary Wave of wavenumber 1 (SPW1)
and non-migrating tides DS0 and DW2 [10]. Other satellites like FORMOSAT-
3/COSMIC (Formosa Satellite-3/Constellation Observing System for Meteorology,
Ionosphere, and Climate) with a different sampling pattern are capable of addressing
these aliasing problems and extracting short-term tidal variability in the Earth’s atmo-
sphere. COSMIC also has a limitation as it covers altitudes up to ~50 km only from
the surface of the Earth.

To identify aliasing components ground truth is absolutely necessary, which is
absent while working with real satellite data and hence model data is used. Assuming
model data as ground truth, the same can be subsampled at locations and times of
satellite observations to obtain a new satellite sampled model dataset. This new
dataset may then be spectrally analyzed to obtain the different wave components and
investigated to understand the underlying aliasing problems.

The current study focuses on the various details involved in the subsampling of
the model data. Canadian Middle Atmosphere Model (CMAM30) model tempera-
ture data is spectrally analyzed using a two dimensional fast Fourier transform and
the effect of window size is investigated in generating a suitable satellite sampled
dataset. Fourier space subsampling is studied and compared with the regular linear
interpolation method.

2 Data and Method

CMAM30 estimates the chemical and dynamical evolution of the atmosphere
[11–13]. There are two types of datasets: (a) regular CMAM30 dataset (up to around
95 km) which is concentrated on the troposphere–stratosphere–mesosphere region.
(b) Extended CMAM30 (up to around 200 km) dataset which is concentrated on the
Mesosphere and lower thermosphere region [14–16]. In the current study, CMAM30
temperature data is used that is provided every 6 h from 1979 to 2010 from 1000 hPa
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to 0.001 hPa. The longitude by latitude grid size is 3.75 × 3.75. Temperature data,
f(t,λ), is analyzed for the period from 2009 to 2010 spectrally to extract diurnal
tides, both migrating and non-migrating tidal components. A two-dimensional fast
Fourier transform (Eq. 1) is applied in longitude (λ) and time (t) to get the Fourier
spectrum, F(f, s), as a function of frequency (f ) and wave number (s), using different
window sizes, of ±2, ±10 and ±30 days.

F( f, s) = 1

N

∑

t

∑

λ

f (t, λ)e−i2π( f t+sλ) (1)

where N is the total number of data points considered. In the spectra, positive
wavenumbers indicate westward propagating waves and negative wavenumbers indi-
cate eastward propagating waves [8]. Amplitudes of the diurnal tides DW1, DS0,
DW2, and SPW1 are extracted and investigated over the equator and mid-latitudes to
understand the effect of the size of window used in the 2DFFT. Further, the Fourier
space is sampled for non-grid longitudes and times and inverted to real space tomimic
satellite sampling. The difference between sampling in Fourier space is compared
with linear interpolation in real space and the results are discussed in the ensuing
sections.

3 Result and Discussion

Mean temperature and amplitudes and phases of SPW1, DS0, DW1, and DW2 from
2009 to 2010 over the equator are shown in Fig. 1. Mean temperature shows the
stratopause at 1 hPa/50 kmwhich varies semi-annually. The mesopause is not visible
in the plot and is above 0.001 hPa/95 km. SPW1 is practically absent over the equator
at all altitudes; the phase plot also does not indicate any significant SPW1 variation.
The diurnal tides are more important here. DW1 peaks over the equator in the meso-
sphere, with amplitudes larger than 4 K. In the stratosphere, DW1 amplitudes of 1 K
are observed. The vertical wavelength (as seen in the phase plot) is approximately
25 km, and consistent throughout the study period. This property is similar to what
has been observed in earlier studies. DS0 and DW2, on the other hand, are present
only in the mesosphere. The vertical wavelength of these non-migrating tides is
similar to the migrating tide, i.e., 25 km [17–19]. Interestingly, DS0 and DW2 seem
to be mutually exclusive in the upper mesosphere. DS0 peaks during late winter and
spring equinox and DW2 peaks during autumn and early winter. With the reduction
in window size to ±10 and ±5 days, the properties of the mean temperature and the
waves gave the same results but with finer variations (figures are not shown here for
equator).

Figure 2 shows the same details as in Fig. 1, but over mid-latitudes (~60°N). The
annual variation of the mean temperature is very prominent with warm stratopause
and cold mesopause during summer. SPW1 shows significant amplitudes up to 12 K
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Fig. 1 Mean temperature, stationary planetary wave (SPW1) amplitude and phase, and amplitude
and phases of DS0, DW1, DW2 extracted from Fourier spectra computed using a window of ±
30 days over the equatorial region

during winter peaking at around 10 hPa/30 km. More interesting is the peak of 1-K
amplitude ofDW1at the stratopause at 1 hPa/50 kmand the absence of any significant
amplitudes in theDS0 andDW2components in themid-latitude atmosphere. Figure 3
shows the mean temperature, SPW1 amplitude and phase for Fourier window sizes
of ± 10 and ± 2 days. It can be seen that the sudden stratospheric warming [20] is
observed more clearly during the winter of 2009/10 and there is more detail in the
variation of SPW1 amplitude, which varies at a 60-day periodicity. During winter as
the warming episode progresses, the region of warm air descends in altitude and so
is the SPW1 amplitude. Only a reduction on window size for computing the Fourier
transform has provided this insight into the variation of SPW1 amplitude.

The importance of thiswindowsize is two-fold. Firstly, it helps us in understanding
the fine structure variations and the short-term variability in the wave amplitudes
as described above. When these amplitudes are compared with results from other
studies based on satellite data, like temperatures from COSMIC and TIMED, these
provide a framework for a better understanding. Secondly, it has an important role to
play in studies involving aliasing, particularly the aliasing of SPW1 and DS0/DW2.
Many studies rely on satellite sampling of model data like CMAM30 to investigate
aliasing in satellite data [2]. In the current study, we sampled the CMAM30 model
in the Fourier space at non-grid longitudes and times, as if being sampled randomly
by a satellite. The inverse Fourier transform was used to retrieve the temperature
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Fig. 2 Same as in Fig. 1, but for mid-latitudes (~60°N) using ± 30 days window

Fig. 3 Mean temperature andSPW1amplitude andphase using±10 and±2days overmid-latitudes
(~60°N)
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profiles at those longitudes and times. Usually, such subsampling is done using
linear interpolation. We compare these two methods here.

Temperature profiles over the equator at two longitudes Lon[ix] and Lon[ix +
1] are considered and are shown in black and gray in Fig. 4 (Left panel). At the
mid-point between these two longitudes, a temperature profile is estimated using
linear interpolation (red profile) and also by sampling the Fourier space and then
using the inverse Fourier transform to construct the temperature profile (blue profile).
The right panel of the figure shows the differences between the temperatures at the
grid points and those computed at the mid-point by sampling Fourier space and by
interpolation. It can be seen that by using the method of interpolation the new profile
at the midpoint longitude is also exactly in between the profiles (the differences are
symmetrical about zero). However, by sampling the Fourier space, the new profile is
not exactly in the middle. There are small but significant differences, particularly at
the higher altitudes where there is significant geophysical variability. This is because
this process considers the entire window of data by including variations over all
frequencies andwave numbers in that window, while the former used only the nearest
two neighbors. Hence, this process offers a better subsampling of the given model
data. It may be noted here that the size of the window does not have any significant
effect on the Fourier space sampling. By increasing the window size, we will be
generating a Fourier space that contains the lower frequencies. It is observed in the
current study that the results obtained by sampling the Fourier space obtained by
using window sizes of ±2, ±10 and ±30 days have all given the same results. This
study thus provides a framework to be able to investigate model data and satellite
sampling to understand the aliasing problems involved in data analysis [2].

Fig. 4 (Left) Temperature profiles over the equator from two longitudes Lon[ix] and Lon[ix + 1]
are shown in black and gray. Red profile shows the linearly interpolated values at the mid-point
between Lon[ix] and Lon[ix + 1], and blue profile gives the temperature values obtained from
sampling the Fourier space (and inverting). (Right) The differences between the temperatures at the
grid points and those computed at the mid-point by sampling Fourier space and by interpolation
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4 Conclusion

CMAM30 model temperature data is analyzed in this study using the two-
dimensional fast Fourier transform using window sizes of ±2, ±10 and ±30 days.
Wave and tidal components are extracted from the Fourier spectra and it is found
that short-term variability is obtained by reducing the window size. Particularly, it
is found that the SPW1 component varies at a periodicity of 60 days that was not
identified earlier. It is also shown that sampling the Fourier space is a better way of
subsampling the model data, rather than performing linear interpolation. However,
the window size used in generating the Fourier space has little effect on the subsam-
pling and subsequent inverting. It is thus concluded that large and non-overlapping
windows are suited for generating a suitable Fourier space from model data. This
has applications in sampling model data for satellite (like COSMIC and TIMED)
locations and times to understand aliasing effects in the analysis of those datasets.
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Design and Analysis of an Efficient Queue
Scheduling Scheme for Heterogeneous
Traffics in BWA Networks
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and Rabindranath Ghosh

Abstract The most important aspect of Broadband Wireless Access (BWA)
networks is to provide heterogeneous traffic flows with a guarantee of Quality
of Service (QoS). To this end, we have designed an efficient adaptive Weighted
Hybrid Queue Scheduling Scheme (WHQSS) to support differential QoS require-
ments for traffic classes, which are heterogeneous in BWA networks. At first, the
performance of WHQSS is analyzed in comparison with two important Queue
Scheduling Schemes (QSSs), namely Priority Queue Scheduling Scheme (PQSS)
and Hybrid Queue Scheduling Scheme (HQSS) those are designed with some major
existing scheduling algorithms. A single analytical platform has been created using
3D Continuous Time Markov Chain (CTMC) model to investigate the performance
in terms of several parameters like mean number of packets waiting in the queue,
throughput, mean queuing delay, packet loss probability, and fairness index of the
said QSSs. The comparative performance results clearly reveal the superiority of
WHQSS providing optimal QoS guarantee and highest fairness than other QSSs for
heterogeneous traffic classes.
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1 Introduction

In the recent past, there is an enormous interest in wireless communication systems
with the demand for multimedia communication irrespective of the users’ location.
It has resulted in increased demands for heterogeneous services such as real-time
video streaming and video conferencing, voice over IP, online gaming, and web
browsing. This has led to shrinkage of the available bandwidth. Thus, the need
for Broadband Wireless Access (BWA) networks are also increasing [1]. BWA is
becoming a more challenging competitor to the conventional wired technologies
like Digital Subscriber Line (DSL), Cable Modem, and even fiber optic cables due
to last-mile wireless access [2]. Quality of Service (QoS) requirements is different
for different services in heterogeneous media, which may refer to a different level
of the desired performance parameters such as throughput, delay, and packet losses.
As a result, there is always a significant challenge in designing a QoS-aware BWA
network [3, 4].

Queue scheduler plays a major role in QoS aware BWA networks [5, 6] for
managing heterogeneous applications. A queue scheduler serves the enqueued
resource request of various applications, both real time (RT) and non-real time
(NRT), ensuring the negotiated service-level agreements. It first decides the order
of servicing the users request then manages the service queues to provide differen-
tiated QoS guarantees to multiple users and multiple media flows [7]. The type of
users in a network determines the Queue Scheduling Schemes (QSS) of the network.
In the multi-class network, the queue scheduler categorizes the users into some
predefined classes. Priority of each user is assigned according to its QoS require-
ments. Afterward, bandwidth is distributed among the users as per their priority in
such a way so that fairness between the users is maintained. Hence, traffic differ-
entiation and proportional fairness in resource management are, thus, the crucial
features on which the research efforts are concentrated for BWA network to provide
cost-effective last-mile communications.

Since the aim of this paper is to find the best Queue scheduling scheme for 5G
BWAnetworks in general, the QoS services are mapped into three major QoS classes
as given in Table 1. The classification is done based on the QoS need of the BWA
services. Class-1, Class-2, and Class-3 represent three different requirements for
QoS. Class-1 is considered to support the need for a fixed chunk of bandwidth to
satisfy stringent delay for generating fixed-size data. Class-2 supports the need for

Table 1 BWA service types differentiation

QoS class QoS need BWA services

Class-1 Fixed chunk of Bandwidth to satisfy
stringent delay

VoIP, Conversational voice and video

Class-2 Guaranteed Delay along with throughput
and packet loss

Streaming video services

Class-3 Guaranteed Throughput and packet loss FFTP, e-mail, and web browsing
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guaranteed delay, throughput and packet loss to generate variable size data, while
Class-3 supports the need for only guaranteed throughput and packet loss to perform
tasks related to delay-insensitive data. Thus, all service types are mapped in terms
of three different QoS as given in Table 1.

A. Background of the Work

In this section, some major existing scheduling algorithms mostly used for BWA
networks to support differentiated QoS for 4G BWA networks are discussed. This
is required to understand the relative performance of these algorithms in relation
to a different class of services over 5G Platform. A two-tier Dynamic QoS-based
bandwidth allocation (DQBA) scheme has been proposed in [8] to support delay and
bandwidth requirements of heterogeneous service classes. In this hybrid scheduler,
EDF and WFQ are used for VoIP and video streaming, respectively, whereas simple
RR has been suggested for NRT class in tier 1 for intra-class scheduling. On the other
hand, in tier 2, dynamic allocation of PQ andWFQ has been proposed for inter-class
scheduling (heterogeneous traffic) to maximize the system capacity by efficiently
utilizing its resources and thereby increases fairness. Here, the authors have used the
traffic arrival rate to evaluate the priority factor aswell as theweight factor. Simulation
results show that although the proposed inter-class scheduling framework guarantees
for delay-sensitive RT traffic, but it has low overall throughput for NRT traffic leading
to the possibility of starvation under heavy traffic arrival of higher priority traffic.
Moreover, no analytical model has been developed to justify the results. Hence, a
significant challenge lies in defining the priority factor and weight factor for inter-
class traffic scheduling which should ensure the service-level agreement of all traffic
classes.

Authors in [9] have performed mathematical analysis for hybrids PQ-WFQ inter-
class scheduler using Markov Chain Model. The mathematical model has been used
for the evaluation of the effect of the Queue Weight Ratio (QWR) on various perfor-
mance parameters like delay, throughput, packet loss, and fairness. But defining the
proper weights and ways of packets to be served from each queue become the impor-
tant factors for determining the overall system performance. There is a possibility
of loosely bound on service guarantees without a proper tuning of weight values.
Another key issue, which is not addressed in this paper, is the proper setting of the
queue size, which is dynamically changed to meet the service requirement.

In [10], the authors have proposed a queue size-aware scheme for bandwidth
allocation and rate control mechanisms. The Markov-Modulated Poisson Process is
used to model the heterogeneous traffic classes to investigate the steady and transient
states of the system. The proposed scheme has the main purpose of achieving higher
throughput with smaller queue size as well as providing lower queuing delays. But
the effect of packet drops is not considered while designing the systemwith a smaller
queue size, which makes the scheme less efficient. The loss of packets in the queue
may cause QoS degradation in the wireless domain, especially for the delay-sensitive
RT traffic which needs guaranteed QoS support.
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In order to solve the utilization optimization problem author in [11] has proposed
BatchArrival Queuing (BAQ) scheme for dynamically controlling queue size. He has
developed a batch arrival model to assess QoS-aware packet scheduling performance
for delay-sensitive RT traffic to maximize throughput and BU of the network by
optimizing queue sizewith specified queuing delay and packet loss. But the problems
remain for not considering valid packet classifier for QoS differentiation in BWA
network.Moreover, the author has not mentioned any scheduling algorithm bywhich
packets belonging to different traffic classes have been served. The BAQ model is
only used to solve the utilization optimization problem for delay-sensitive RT traffic
without considering the effect of NRT traffic classes.

B. Approach of the Present Work

At first, the interclass scheduling framework for BWA network to support heteroge-
neous traffic classes are designed in three major strategies, viz. PQSS, HQSS, and
WHQSS. The literature review of scheduling algorithms leads us to design the inter-
class schedulers in the above three basic ways in which some major scheduling algo-
rithms are actually implemented to provide differentiated QoS guarantee. Hence, our
main contribution in this paper is to analyze the interclass QSSs, which are designed
with some major existing scheduling algorithm for BWA network. The remainder of
the paper is organized as follows. The design description of QSSs is given in section
II. Section III provides a detailed description of the analytical model for QSSs using
CTMC. Section IV sets the parameter for performance evaluation. Numerical results
are shown in section V. Finally, Section VI concludes the paper.

2 Queue Scheduler Design

Three separate single-server queuing system for PQSS, HQSS, and WHQSS have
been considered as shown in Fig. 1a, b, c, respectively. Each QSS comprised
of three separate queues of finite length QL1, QL2, and QL3. These are used to
hold three types of traffic classes, Class-1, Class-2, and Class-3, respectively. The
packets for three traffic classes is Poisson arrive with average rates of λ1, λ2, and
λ3, respectively. The service rate of each server is μ, and the inter-service time is
exponentially distributed, with mean 1/μ. The number of packets present in the
Class-1 traffic, Class-2 traffic, and Class-3 traffic, respectively, at any instant of time
is represented by (L1, L2, L3) [1].

As per the QoS requirement of the users, Class-1 traffic should require hard
QoS support and have. That is why the three queuing server systems considered
providing a guaranteed priority highest priority among all other traffic classes while
getting service from the queuing server system to the Class-1 traffic over the others.
Packets in Class-1 traffic are always scheduled with service rateμ. Packets in Class-2
traffic and Class-3 traffics are only scheduled in the absence of Class-1 packets. QSS
algorithms are given in Table 2.
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(a) Priority Queue scheduling scheme (PQSS)

(b) Hybrid Queue scheduling Scheme (HQSS)

(c) Weighted Hybrid Queue scheduling scheme (WHQSS)

Fig. 1 Queue Scheduling Schemes (QSSs)

The service rates μ2 and μ3 mentioned in the WHQSS algorithm are dynam-
ically changed based on the QWR to meet the service guarantee. Class-2 traffic
corresponding to the RT video traffic is assigned a higher weight w2.

The service rates μ2 and μ3 mentioned in the WHQSS algorithm are dynam-
ically changed based on the QWR to meet the service guarantee. Class-2 traffic
corresponding to the RT video traffic is assigned a higher weight w2. The delay
insensitive Class-3 traffic is assigned with a lower weight w3. Thus, Class-2 and
Class-3 traffics will achieve an average service rate μ2 and μ3, respectively, as given
in (1) and (2).

μ2 = μw3

w2 + w3
(1)
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Table 2 QSS algorithms

PQSS Algorithm: For each
service request in PQSS
if (L1 = 0 and L2 = 0)
then serve packets from QL3
with service rate μ

else if (L1 = 0)
then serve packets from QL2
with service rate μ

else
serve packets from QL1 with
service rate μ

End for

HQSS Algorithm: For each
service request in HQSS
If (L1 = 0) && (L2 �= 0) &&
(L3 �= 0)
then serve packets from QL2
and QL3 in RR fashion with
service rate μ/2 each
else if (L1 = 0) && (L2 �= 0)
then serve packets from QL2
with service rate μ

else if (L1 = 0) && (L3 �= 0)
then serve packets from QL3
with service rate μ

else
serve packets from QL1 with
service rate μ

End for

WHQSS Algorithm: For each
service request in WHQSS
If (L1 = 0) && (L2 �= 0) &&
(L3 �= 0)
then serve packets from QL2
and QL3 using WFQ with
service rate μ2 and μ3,
respectively
else if (L1 = 0) && (L2 �= 0)
then serve packets from QL2
with service rate μ

else if (L1 = 0) && (L3 �= 0)
then serve packets from QL3
with service rate μ

else
serve packets from QL1 with
service rate μ

End for

μ3 = μw3

w2 + w3
(2)

3 Analytical Model

In this paper, the performance evaluation of the three separate single-server queuing
system for PQSS, HQSS, and WHQSS have been performed in a single analytical
platform using 3D CTMC Model [12] as shown in Fig. 2. In this platform, the three
QSSs differ only in their state transition rate for scheduling as given in Table 3.
A continuous change in its current state occurs in the queue scheduling server due
to the occurrence of events (i.e., incoming and outgoing of packets). For a more
accurate analysis of its performance, it is necessary to observe the short-lived states
of the system. This is possible only if the queue scheduling server uses CTMC
modeling. Furthermore, the CTMC model does not increase the complexity of the
queue scheduling server since it has only three dimensions.

The queue scheduling server [13] receives the bandwidth requests from the queue
of three traffic classes directly. The server changes state from one to another upon the
incoming to or outgoing from a queue corresponding to a particular traffic class. So,
the next state of the queue scheduling server depends only on the present state but
does not depend on the previous states. Therefore, the states of the queue scheduling
server form a Markov Chain as shown in Fig. 2. Hence, the individual QSS can be
analytically modeled using the state transition diagram subject to the corresponding
state transition rate as depicted in Table 3.
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Fig. 2 A generalized 3D CTMC model for all QSSs

In the 3DMarkovChain, state S= (L1, L2, L3) represents that the server currently
has L1, L2, and L3 number of Class-1 packets, Class-2 packets, and Class-3 packets,
respectively. As per Poisson distribution, the incoming packets have the rate of arrival
as λ1, λ2. and λ3, respectively. 1/μ is the mean of the exponential distribution of the
service times of Class-1 traffic, Class-2 traffic, and Class-3 traffic. The state-space
‘S’ for single-server queuing system is obtained based on Eq. (3).

S = {s = (L1, L2, L3)|(L1 ≤ QL1) ∧ (L2 ≤ QL2) ∧ L3 ≤ QL3 } (3)

The transition may take place from state (L1, L2, L3) to (L1 + 1, L2, L3), from
state (L1, L2, L3) to (L1, L2 + 1, L3), and from state (L1, L2, L3) to (L1, L2, L3 +
1). This implies that a packet from Class-1, Class-2, and Class-3 traffics enters into
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Table 3 State transition rate for scheduling different traffic classes

Scheduling scheme Traffic type State transitions Service rate for
schedulingPresent state Next state

PQSS Class-1 (L1, L2, L3) (L1-1, L2, L3) μ

Class-2 (0, L2, L3) (0, L2-1, L3) μ

Class-3 (0, 0, L3) (0, 0, L3-1) μ

HQSS Class-1 (L1, L2, L3) (L1-1, L2, L3) μ

Class-2 (0,L2, L3) (0, L2-1, L3) μ/2

(0, L2, 0) (0, L2-1, 0) μ

Class-3 (0, L2, L3) (0, L2, L3-1) μ/2

(0, 0, L3) (0, 0, L3-1) μ

WHQSS Class-1 (L1, L2, L3) (L1-1, L2, L3) μ

Class-2 (0, L2, L3) (0, L2-1, L3) μ2

(0, L2, 0) (0, L2-1, 0) μ

Class-3 (0, L2, L3) (0, L2, L3-1) μ3

(0, 0, L3) (0, 0, L3-1) μ

the queue with rates λ1, λ2, and λ3, respectively. Moreover, the state transition rate
from state (L1, L2, L3) to (L1−1, L2, L3) is equal to the Class-1 traffic service rate
μ, which is the outgoing rate of a packet from the queue of Class-1 traffic.

The state transition rate for scheduling different traffic classes are summarized in
Table 3 assuming (L1 > 0, L2 > 0 and L3 > 0).

Let the steady state probability of the state s = (L1 ,L2 ,L3) be represented by
π(L1,L2,L3)(s). TheMarkov chain is irreducible and it is observed that the outgoing and
incoming states for a given state ‘s’, the steady-state probabilities of all states of the
single-server queuing system have been evaluated with the help of the normalized
condition that sum of all steady-state probabilities equals to one [1]. That is,

∑

s∈S
π(L1,L2,L3)(s) = 1 (4)

πLi is the marginal state probability and it gives the probability that L packets of
Class i (where, i ∈ 1, 2, 3) are present in the queue. It can also be calculated [8]
based on the steady-state probability π(L1,L2,L3)(s) = 1.

πL1 =
QL3∑

L3=0

QL2∑

L2=0

π(L1,L2,L3) (5)
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πL2 =
QL3∑

L3=0

QL1∑

L1=0

π(L1,L2,L3) (6)

πL3 =
QL1∑

L1=0

QL2∑

L2=0

π(L1,L2,L3) (7)

It is possible to derive the following QoS performance parameters of the system
from the marginal state probabilities.

A. Mean marginal number of packets (mmnp) waiting in the queue

mmnpi =
QLi∑

Li=0

(Li ∗ πLi ) (8)

B. Mean marginal throughput (mmt)
Throughput can be defined as the average rate at which packets go through
the system in the steady state. In steady-state condition, the rate of flow of
incoming traffic and outgoing traffic are in equilibrium. The product of the
arrival rate of a particular class of traffic i and the marginal state probability
πLi(where, i ∈ 1, 2, 3) is the mean marginal throughput (mmt). Hence, mmti is
given by

mmti = λi ∗
QLi−1∑

Li=0

πLi (9)

C. Mean marginal queuing delay (mmqd)
As per Little’s Law [12],mmqd is the ratio of mean marginal number of packets
in a class of queue to the throughput of that corresponding class of queue. Hence,
mmqdi of a particular class i of queue is given by

mmqdi = mmnpi
mmti

(10)

D. Marginal packet loss probability (mplp)
When the queue of a particular traffic class is full, an incoming packet can
be dropped. The marginal packet loss probability is equal to the marginal state
probability when queue is completely full of packets. Thus,mplpi for a particular
traffic class i is given by

mplpi = πQLi (11)
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Table 4 Values of the system parameters

Parameters Values

Traffic Arrival rate ratio of Class-1, Class-2, and Class-3 traffics (λ1:λ2:λ3) 3:2:1 and 5:4:1

Mean service rate (μ) 20 packets/sec

Variable Packet size 64–1024 bytes

Queue weight ratio (w2:w3) 7:3

SDQ of Class-2 traffic 20–200 ms

Parameters Values

Traffic Arrival rate ratio of Class-1, Class-2, and Class-3 traffics (λ1:λ2:λ3) 3:2:1 and 5:4:1

Mean service rate (μ) 20 packets/sec

Variable Packet size 64–1024 bytes

Queue weight ratio (w2:w3) 7:3

SDQ of Class-2 traffic 20–200 ms

4 Settings of the System Parameters

Table 4 summarizes the values of the system parameters used in the analytical model
for the evaluation of the performance of the PQSS, HQSS, and WHQSS. The traffic
arrival rate ratio denoted by TARR of Class-1, -2, and -3 traffics is 3:2:1. This
is because of the practical scenario in which the network experiences the highest
arrival request from traffic Class-1. It receives the lowest arrival request from traffic
Class-3. The performance analysis of Class-1, -2, and -3 traffics are also verified
with a higher TARR of 5:4:1 to observe the performance patterns of each class with
increased traffics.

5 Performance Analysis

The different performance parameters for the three QSSs are analyzed with designed
CTMC models by writing programs in MATLAB platform under various QoS
constraints and then the comparative analysis is made to understand the relative
performance of the considered QSSs. Justifications behind all the numerical results
have also been provided.

A. Comparative performance of PQSS, HQSS, WHQSS

Figures 3, 4, 5, 6 show the comparative performances of PQSS, HQSS, andWHQSS
on various QoS parameters like packets waiting in the queue, throughput, queuing
delay, and packet loss. These performances are observed for Class-1, Class-2, and
Class-3 traffics against the TARR 3:2:1 and 5:4:1. It is observed that there is no
variation in the performance of PQSS, HQSS, andWHQSS (Figs. 3a, 4a, 5a, and 6a)
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CLASS-1 Traffic CLASS-2 Traffic CLASS-3 Traffic

(a)mmnp for Class-1 (b)mmnp for Class-2 (c)mmnp for Class-3

Fig. 3 Mean marginal number of packet (mmnp) waiting in the queue

for traffic Class-1 under a TARR. As the priority of the Class-1 traffic is maintained
highest for all scheduling schemes, the performance curves of PQSS, HQSS, and
WHQSS are merged together revealing the similar QoS performance under a TARR.
However, the QoS performances are different for different scheduling schemes in
case of Class-2 and Class-3 traffics. A close observation of Figs. 3b, 4b, 5b, and
6b reveal that PQSS provides the best performance in terms of packets waiting in
the queue, throughput, queuing delay, and packet loss for Class-2 traffic. The worst
performance is observed for Class-2 traffic under HQSS. On the other hand, the
scenario is reversed for Class-3 traffic as observed in Figs. 3c, 4c, 5c, and 6c.

In PQSS, Class-2 traffic gets the opportunity to serve its packet with a full band-
width just after queue of Class-1 traffic becomes emptied, whereas in HQSS, Class-2
traffic has to share the bandwidth in RR fashion with the Class-3 traffic. This leads to
the bandwidth degradation of the Class-2 traffic while serving packets from its queue
resulting in poor QoS performance. Though PQSS provides the best performance to
Class-2 traffic, Class-3 traffic has to suffice starvation as observed in Fig. 4c. On the
other hand, though HQSS has eliminated the problem of starvation and boost up the
performance of Class-3 traffic, Class-2 traffic has to suffice poor throughput, queuing
delay, and packet loss as observed in Figs. 4b, 5b, and 6b, respectively. However, the
proposed WHQSS has solved the above-mentioned problem by providing optimal
QoS guarantee to both Class-2 and Class-3 traffic as observed in Figs. 3, 4, 5, 6.

6 Conclusion

In this paper, by categorizing the QoS requirement of BWA traffics into several
classes, an inter-class scheduler was designed named as WHQSS. The analysis
revealed that the optimal performanceofWHQSSprovides the bestQoSguarantee for
BWA networks when compared to other QSSs. It has reduced the delay of RT appli-
cations and guaranteed the throughput of NRT applications. WHQSS also ensured
fairness in allocating resources among all connections appropriately. However, the
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(a)mmt for Class-1 (b) mmt for Class-2 (c) mmt for Class-3

CLASS-1 Traffic CLASS-2 Traffic CLASS-3 Traffic

Fig. 4 Mean marginal throughput (mmt)

(a)mmqd for Class-1 (b)mmqd for Class-2 (c)mmqd for Class-3

CLASS-1 Traffic CLASS-2 Traffic CLASS-3 Traffic

Fig. 5 Mean marginal throughput (mmt)

(a)mplp for Class-1 (b)mplp for Class-2 (b)mplp for Class-3

CLASS-1 Traffic CLASS-2 Traffic CLASS-3 Traffic

Fig. 6 Mean marginal queuing delay (mmqd)

development of channel-aware WHQSS by introducing the PHY layer parameters is
our future work.
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Simulation of Cardiac Action Potential
with Deterministic and Stochastic Pacing
Protocols

Ursa Maity, Anindita Ganguly, and Aparajita Sengupta

Abstract Cardiac arrhythmia is a major group of heart diseases that are caused by
irregular heartbeats and often leads to sudden deaths. This work analyses a detailed
numericalmodel of themammalian ventricular cell. The aim is to provide a simplified
yet comprehensive simulation model for understanding the effects of ionic concen-
tration, basic cycle length (BCL) on the generation of action potential and employing
pacing protocols with ease. Variation in these inputs as well as in the pacing results in
significant changes in the membrane action potential duration (APD). These results
are clearly demonstrated without delving into the physiological basis of the same.
This approach shall be helpful in modifying any cell model to investigate the clinical
relevance of various pacing protocols that can be employed in the future. The Luo–
Rudy Phase I model of the mammalian ventricular cell has been used for simulations
to demonstrate the effects of the rate dependence of activation in cardiac tissues,
referred to as the Wenckebach periodicity.

Keywords Cardiac arrhythmia · Action potential · Sudden death ·
Electrophysiology · Deterministic pacing · Stochastic pacing

1 Introduction

In the last few decades, there has been significant progress in the field of cardiac
physiology, especially in the application of pacing protocols in mathematical models
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of the human heart. Many models based on mammalian ventricular action potential
have been developed over the course of time. Hodgkin and Huxley et al. [7, 8]
developed amodel that represents the electrical behaviour of themembranemodelled
using ionic currents and capacitance ofmembrane.McAllister et al. [15]modelled the
electrical activity in Purkinje fibres which are specialized conducting fibres present
in cardiac myocytes. A mathematical model was developed by Beeler and Reuter [1]
using the framework of Hodgkin–Huxley equations and also applying voltage-clamp
techniques. The Beeler–Reuter model was then modified into the Luo–Rudy Phase
I model in 1991 (Luo et al.) and improved into phase II model in 1994 (Luo et al.).

Othman et al. [17] carried out a hardware implementation of theLuo–RudyPhase I
model. The basic framework of the action potential in cardiacmyocytes still holds and
has been used as the basis of the Simulink Model drawn in MATLAB for this work.
The same model has also been used in a previously unpublished work by the authors.
In this paper, additional simulations have been carried out on the aforementioned
model using pacing protocols.

The aim of the current work is to exhibit the effects of pacing and stimulus
variations in the Luo–Rudy Phase I model in a purely mathematical framework. Less
focus is given on the physiological details keeping in mind the queries of the less
trained in the biological aspect of the topic. Importance has been given to parameters
which canbevarieddirectly to obtain variation in outputs. The corresponding changes
in the action potential generation are recorded using Simulink Data Inspector.

The results obtained are consistent with the experimental findings as well as theo-
retical simulations in the existing literature. The effect of change in stimulus duration
is the first step in studying the various protocols and analysing the results for diagnosis
and treatment using pacing protocols such as deterministic and stochastic pacing
(Dvir et al. 2013 and 2014).DifferentAPD restitution (APDR) curves can be obtained
by different pacing protocols such as oscillatory, random and linear (Wu et al. 2004).

2 Methods

2.1 Theory and Mathematical Formulation

The membrane voltage (Vm) depends on the sum of the ionic channel currents (itotal)
and the stimulus current (istim) and the membrane capacitance (Cm) as given in (1).
This is the basic equation by Hodgkin, Huxley et al.

dVm

dt
= −(itotal + istim)

Cm
(1)

The current itotal is represented as follows in (2) (Luo–Rudy 1991)

itotal = iNa + iCa + iK + iKi + iplat + ibg (2)
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where iNa is the fast sodium current, ica is the slow inward calcium current, iK is the
time-dependent potassium current, iKi time-independent potassium current, iplat is
the plateau potassium current and ibg is the background current.

All the ionic currents are determined by a set of gating variables and corre-
sponding voltage rate-dependent constants. The formulations for the respective
currents (Hodgkin, Huxley et al., Luo–Rudy, Beeler–Reuter) are shown below in
(3)–(8), respectively.

iNa = gNa · m3 · h · j · (Vm − ENa) (3)

iCa = gCa · d · f · (Vm − ECa) (4)

iK = gK · x · xinac · (Vm − EK ) (5)

iKi = gKi · kinac · (Vm − EKi) (6)

iplat = gplat · kplat ·
(
Vm − Eplat

)
(7)

ibg = 0.03921 · (Vm + 59.87) (8)

The rest of the dynamics are defined as follows in (9)–(15):

ENa = RT

F
ln

(
[Nao]

[Nai]

)
(9)

ECa = 7.7− 13.0287 ln[Cai] (10)

EK = RT

F
ln

(
[Ko]+ prNaK [Nao]

[Ki]+ prNaK [Nai]

)
(11)

EKi = Eplat = RT

F
ln

(
[Ko]

[Ki]

)
(12)

gK = 0.282

√
[K0]

5.4
(13)

gKi = 0.6047

√
[K0]

5.4
(14)

d [Cai]

dt
= 0.07[Cai] − 10−4(iCa − 0.07) (15)
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Table 1 Description of the
gate variables

Gate variable Function

m Activation for iNa

h slow inactivation for iNa

j fast inactivation for iNa

x Activation for iK

xinac İnactivation for iK

kinac İnactivation for iK

d Activation for iCa

f İnactivation for iCa

Here, gion is the maximum conductance of the corresponding ionic channel
(mScm−2), Eion is the reversal potential of the corresponding ion (mV), [Eo] and [Ei]
are the extracellular and intracellular concentrations of ion E (mM), respectively and
kplat is the inactivation gate for iKplat. The value of gNa is taken as 23mScm−2 (Beeler–
Reuter model), gsi as 0.09mScm−2 and gKplat as 0.0183 mScm−2. Also, prNaK is the
permeability ratio of Na/K and its value is taken as 0.01833. R is the gas constant
with value 8.314 JK−1 mol−1, T is the ambient temperature in K and F is Faraday’s
constant with value 9.6485 × 104 C mol−1.

The variables m, h, j, x, d and f are the respective gating variables for the corre-
sponding ionic channels. Their values range between 0 and 1. The details are listed
in Table 1.

The gate variables are computed using an ordinary differential equation (ODE)
of the form shown in (16),

dγ

dt
= θγ − γ

(
θγ + μγ

)
(16)

Here, the ODE in (16) holds for any gate variable γ and having rate constants θγ

and μγ (ms−1). The rate constants have been calculated using the equations of the
Luo–Rudy Phase I model.

2.2 Simulink Model

The Simulink model is made using MATLAB functions and blocks (Maity et al.).
It has been observed that change of time interval between two stimulation pulses
has a major effect on the wave pattern of Action Potential generation. The basic
cycle length was changed and the APD curves were obtained for 260 ms, 350 ms,
500 ms, 630 ms, 750 ms and 890 ms, respectively. The distinguishable change in
the APD patterns is attributed to the rate-dependent activation failure, also referred
to as Wenckebach periodicity by Luo and Rudy. The pacing protocols have also
been discussed in the upcoming sections. The length of each stimulation interval is
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Fig. 1 Simulink Model of Luo–Rudy Phase I model

characteristic of the type of protocol being employed. Stimulus intensity is set at 80
μAcm−2, and the duration of pulse applied is 1 ms.

A schematic representation of the Simulink model created using the equations in
Sect. 2.1 is given in Fig. 1.

3 Results

3.1 Periodic Rate Dependence

The simulation results obtained on varying the stimulus intervals from 890 ms to
260ms are observed. The stimulus interval directly determines the basic cycle length
of the APD curves. It is observed that as the BCL value is reduced, the APD wave
patterns become irregular. This causes a change in stimulus-to-response (S:R) ratio
as demonstrated by Luo–Rudy. The larger the value of basic cycle length, the lesser
is the S:R ratio. This is due to the Wenckebach phenomenon which is popularly
referred to as the second-degree atrioventricular block (Mobitz I and II). The first
type, Mobitz I, results in heart skipping beats at regular intervals, which makes the
body to cope with it. But, the second type, Mobitz II, consists of irregular patterns
from which the body is unable to recover [3].

The relationship between theAPD length andBCL is shown in Fig. 2. The average
values of APD (ms) are plotted against the various BCL (ms) values applied.
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Fig. 2 Variation of APD lengths with Basic Cycle Length (BCL)

3.2 Deterministic Pacing and Stochastic Pacing

The dynamic pacing protocol employed in our Simulink model follows the math-
ematical concept of expressing the total cycle length (CL) in ms, as a summation
of basic cycle length (BCL) and some noise. In case of deterministic pacing, this
noise is almost negligible, i.e. the intervals between consecutive stimulus pulses are
constant. Dvir et al. (2013–2014) represented the noise as Gaussian white noise,
G(0, σ) with zero mean and varying standard deviation σ. In case of deterministic
pacing, the value of standard deviation is set to zero.

CL = BCL+ G(0, σ ) (17)

Choi et al. [2] and Lemay et al. [10] suggested a third-order autoregressive model
express the APD of the (n+ 1)th beat as a function of the APDs and DIs of the three
previous beats.

In case of deterministic pacing, the relation between diastolic interval (DI) and
BCL and APD can be given as follows in (18):

BCL = APD + DI (18)

In case of stochastic pacing, (17) and (18) is combined to give the following
relation as given in (19):
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CL = APD + DI + G(0, σ ) (19)

Both the deterministic and stochastic pacing protocols have been applied to the
Simulink model. The results with and without stochastic variations have been shown
in Fig. 12. For deterministic pacing, the stimulus interval was set at 500 ms and a
stimulus current of magnitude 80 μAcm−2 was applied.

In order to apply stochastic variations in the protocol, a Gaussian white noise of
zero mean and a standard deviation of 10 ms is applied using the MATLAB func-
tion ‘randn’ which was added to the regularly spaced intervals using the MATLAB
function ‘cumsum’. This is added to the stimulus intervals stored in an array with
values 0 ms, 500 ms, 1000 ms and so on. As observed in Fig. 3, the wave patterns
are distinguishable for the two pacing protocols employed.

The physiological relevance of this result is validated by Dvir et al. (2013) with
the fact that the cardiac tissue is activated better in a stochastic rhythm of pacing
compared to a deterministic rhythm. Usually, a low Heart Rate Variability (HRV)
which is directly related to low standard deviation is useful in the prediction of
arrhythmia in case of lethal cardiac events. In this study, a basic model of random
pacing with Gaussian variations has been applied and its role in ventricular electrical
activity has been observed. This method is one of the initial steps in developing
more advanced and complex programming sequences for prediction of arrhythmia,
as well as for the achievement of cardiac immunity by eliminating arrhythmogenic

Fig. 3 APD curves with deterministic pacing (solid line) and stochastic pacing (dashed line)
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Fig. 4 APD versus DI over a BCL range of 400–900 ms with the application of stochastic pacing

factors. Dvir et al. (2013) mentioned that such factors include APD restitution slope
and APD alternans propensity. The APDR curve (APD versus DI) when stochastic
pacing protocol is applied is shown in Fig. 4. Basic cycle length was varied between
400 and 900 ms to obtain the APD and DI values.

4 Conclusion

This study is based on a detailed Simulink model for the action potential of the
mammalian ventricular cell. Pacing protocols play an important role in diagnosis
as a risk predictor for arrhythmia. It is observed that low stimulus intervals cause
irregularities in the action potential curves indicating a periodic rate dependence
of the action potential. This study shows how a stochastic variation in the pacing
protocol affects the APD. A future attempt may be made to distinguish and adapt
these protocols in order to rectify different categories of cardiac arrhythmia.
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A Study on Development of PKL Power

K. A. Khan, Md. Afzol Hossain, Salman Rahman Rasel, M. Ohiduzzaman,
Farhana Yesmin, Lovelu Hassan, M. Abu Salek, and S. M. Zian Reza

Abstract The PKL electricity is included under biomass electricity. The scientific
name of PKL is Bryophillum pinnatum Leaf. PKL means Pathor Kuchi Leaf, which
is the local name in Bangladesh. It is a very innovative technology in the present
world. It has been developed the electricity from PKL in Bangladesh first. That is
why sometimes it is called “Bangla Electricity” by somebody. In the present study, it
has been found the open-circuit voltage (Voc), short-circuit current (Isc), maximum
power (Pmax), voltage drop for different loads, consuming voltage, consuming current
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pattern for different loads of 1-KW PKL micro (Pathor Kuchi Leaf)-power system.
The variation of load voltage (VL), load current (IL), and load power (PL) with the
variation of time have also been studied. Most of the results have been tabulated and
graphically discussed.

Keywords Performance · 1-KW PKL power · Technology · Practical utilizations

1 Introduction

The PKL electricity is a very innovative technology across the globe. So that it is not
so popular to society. Now, it is needed to develop for the betterment of the people
for practical utilization. Though people are using solar electricity at the rural off-
grid areas across the globe [1–19]. But they are facing numerous problems during
night time and rainy seasons for the lack of solar radiation. To keep it in mind, it
has been designed and developed as 1-KW PKL micro-power plant for practical
utilization [20–37]. It works with same performance both the day and night time.
Here, PKL extract is used as an electrolyte and Zn and Cu as electrodes [38–58].
To save the land space, it has also been designed and developed a stand, where the
total electrodes, electrolytes, and the converter can be placed properly. This device
is called a stand-alone system for PKL power production. It is mentioned that the
total loads were also set up on that stand. The switchboard was also set up there.
It is also very interesting that there are some by-products can be obtained from the
research work [59–67]. The by-products are methane gas, zinc-based biofertilizer,
and hydrogen gas. The loads were two street lights, one tube light, one ceiling fan,
one table fan, two LED lights, and one LED indicator light, etc., which were also set
up on the same stand (Fig. 4). A circuit board and one circuit breaker were also set up
there on the same stand. It is very interesting to mention that the performance of PKL
electricity is better in nighttime than daytime. The reason behind that the presence
of the malic acid is more in the PKL at nighttime than daytime. It is known to all that
the main compound in the PKL is weak organic acid like citric acid, isocitric acid,
and malic acid [68–74]. The people who are living in the off-grid region and those
who are not able to use the computer in this area, this work will help them to access
the electricity for internet connections. People can access this electricity instead of
solar photovoltaic electricity [75–82]. This work will be the guideline for electricity
generation for practical utilization in near future.

2 Objectives

1. To design and fabricate 1-KW portable PKL micro-power plant for practical
utilization.

2. To grow the consciousness about the PKL micro-electricity to society.
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3 Methodology

This leaf is also called Miracle leaf. It grows everywhere. The main compound of
this leaf is citric acid, isocitric acid, and malic acid which all are weak organic acid.
Figure 1a, b, c, d shows a PKL tree, PKL cultivation, plucking of leaf, leaf prepared
for extract, and then preparation of PKL extract [89], respectively.

Figure 2 shows the Extract of the PKL. It has been blended by a blender machine
with a few percentages of water. Then it has been filtered by a filter machine. After
filtration, PKLwaste was obtained as a residue (Fig. 3) which is used as a biofertilizer
[83–85].

We can again use this waste for making PKL extract mixed with water for elec-
tricity generation. Even we can use this waste until 12 months to prepare PKL extract
for the same [86–88].

(a) PKL tree (b) PKL Collection

(c) PKL after Collection (d) Extract preparation

Fig. 1 PKL (Bryophillum Pinnatum Leaf) tree collection from the farmer and juice preparation

(a) PKL after collection  (b) Extract preparation (c) Extract filtration

Fig. 2 Experimental preparation of PKL (Bryophillum pinnatum Leaf) and extract
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(a) one time used      (b) Two times used

Fig. 3 Experimental preparation of a PKL waste after getting PKL extracts

Fig. 4 Design of an experimental setup of a 1-KW PKL power production from the PKL extract

Figure 4 shows the design of an experimental setup of a 1-KWPKLPower Produc-
tion from the PKL extract. It is shown that there are eight converters in this system.
There are four chambers lower to top to set up PKL converters and the loads. There
are five rubber tubes for connecting the converters with each other for flowing the
PKL extract. Firstly, the extract was put into the funnel and the funnel was connected
to the converter-7. Converter-7 was fixed with chamber-4. Converter-7 is a relatively
small compared to the other converters. It was directly connected to converter-2 by a
rubber tube-1. Converter-2 is connected with converter-1 and converter-3. Similarly,
converter-1 and converter-3 are also connected to converter-4 and converter-6, respec-
tively. Collector-5 stands between collector-4 and collector-6. Collector-8 stands on
the upper surface of the first chamber. It was connected with an electric pump and
the pump was also connected with converter-7 by a rubber tube. The whole device
was assembled in a mechanical system based on the stand-alone system shown in
Fig. 4.
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Fig. 5 An experimental
setup of a 1-KW PKL power
production from the PKL
extract

It was designed and fabricated six insulated boxes (Fig. 5) which were available
in the local market of Bangladesh. The copper and zinc plates were set up in the
boxes scientifically with parallel and series combinations. The Zn and Cu plates were
parallel in connection in each box and the boxes are connected in series connections
with each other for getting required current, voltages. and power. The boxes were set
up in a stand-alone chamber. There was a small insulated box filled up with Zn and
Cu plates including with LED lantern on the top of the chamber. There was also a
small insulated box filled up with Zn and Cu plates under the bottom of the chamber.

Figure 6 shows the fabrication of the 1-KW PKL power production system. It is
fabricated based on the design of the PKL Power system. Here, it is shown converter-
1, converter-2, converter-3, converter-4, converter-5, converter-6, converter-7, and
converter-8. It is also shown that there are two street lights = 600W, two LED lights
= 60 W, one ceiling fan = 80 W, one table fan = 30 W, one tube light = 40 W, and
one self-operated electric pump = 50 W which carried PKL extract forcibly from
converter-8 to converter-7 (red color). The light used at converter-7 as an indicator
of the 1-KW PKL Power system. The overall 1-KW PKL power system works as
the description (Fig. 6) of the earlier discussion. The total power used in the system

Fig. 6 Experimental setup
of a 1-KW PKL power
production from the PKL
extract—front view
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Fig. 7 Experimental setup
of a 1-KW PKL power
production from the PKL
extract—left view

= 860 W, which is around 80% of the source. It is mentioned that the output power
should be 80% of the source power.

It is shown (Fig. 7) the right side of the 1-KWPKLmicro-power plant where there
is a control board consists of a circuit breaker, some switches, and two LED lights.
The total circuit of the 1-KW PKL micro-power plant is controlled by the switches
and the circuit board.

4 Nernst Equation and PKL Cell

JosiahWillard Gibbs had formulated a theory to predict whether a chemical reaction
is spontaneous based on the free energy,

�G = �G0 + RT ln Q (1)

Here, �G is the change in Gibbs free energy, �G° is the cell potential when Q
is equal to 1, T is the absolute temperature (Kelvin), R is the universal gas constant,
and Q = Quotient constant. Based on Gibbs’ work, Nernst extended the theory to
include the contribution from electric potential on charged species [7, 48–50]. The
change in Gibbs free energy for an electrochemical cell can be related to the cell
potential. Thus, Gibbs’ theory becomes,

nF�E = nF�E0− RT ln Q (2)

Here, n is the number of electrons/mole product, F is the Faraday constant
(coulombs/mole), and �E is cell potential. Now, dividing Eq. (2) by the amount
of charge transferred (nF) to arrive at a new equation which now bears his name, that
is Nernst equation:

�E = �E0 − ln Q (3)
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Assuming the standard state conditions (T = 25 °C) and R = 8.3145 J/ (K·mol),
the equation above can be expressed on base-10 logarithm as shown below [46–48]:

�E = �E0− log Q (4)

where

[
Zn2+

]/[
Cu2+

][
H+]

(5)

5 Observations of the Concentration of Cu2+ Varying
with Time

The presence of Cu2+ ion in PKL juice solution as a secondary salt acts as a reactant
ion. Thus, the presence of Cu2+ ion increases both potential and current flow with
time Cu2+ reduces to Cu and so the concentration of Cu2+ ion decreases [49–51].

6 Reactions

Cu2+(aq) + 2e−
(aq) → Cu(s) (6)

Again, the anode undergoes corrosion to give the product ion Zn2+ by the following
the reaction:

Zn (s) − 2e−(aq) → Zn2+(aq) (7)

So, the variation of concentration of Zn2+ ion will be helpful to this study. But
Zn2+ can’t be determined by UV–Vis Spectrophotometer. For this reason, AAS has
been used to determine this Zn2+.

7 Results and Discussion

The results have been collected and tabulated carefully. Most of the results have been
graphically represented.

Table 1 shows the number of cells in the six boxes was 72, where the maximum
open-circuit voltage was 83.34 V. The short-circuit current was 12.89 A. The
maximum produced power was 1074.25 W (Table 2).
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Table 1 Current–voltage relations

Number of cell Open-circuit Voltage,
VOC (Volt)

Short-circuit Current,
ISC (A)

Maximum Power, Pmax
= (Voc)(Isc) (W)

72 83.34 12.89 1074.25

Table 2 Variation of load voltage with the variation of local time

Open-circuit Voltage, VOC (Volt) Local time (hrs) Load Voltage (Volt)

83.34 00 50.28

10 49.66

15 49.24

20 48.96

25 48.75

30 48.55

35 48.52

40 48.40

45 48.20

50 48.06

The total load power was tried to keep 80% of the total produced power (around
1000 W). From Fig. 8, it is shown that the load voltage gradually decreased almost
linearly with the variation of local time. It decreased linearly from starting to 30 h
and then it was remained same up to 36 h and then after it decreased up to 50 h. It is
also shown (Table 2) that the total voltage variation was around 2.22 V.

Table 3 shows the consuming voltage with the variation of consuming time. From
Fig. 9, it is shown that the consuming voltage varies with time almost linearly up to
50 h. It is also shown from Fig. 9 that the consuming voltage varies up to 15 h almost
linearly and, at the 10 end hours, it varies almost linearly, but from 15 to 40 h, it
increased almost exponentially.

Fig. 8 Load voltage versus
local time graph
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Table 3 Consuming time versus consuming voltage table

Consuming time (hrs) Consuming voltage (volt)

00 33.06

10 33.68

15 34.1

20 34.38

25 34.59

30 34.79

35 34.82

40 34.94

45 35.14

50 35.28
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Fig. 9 Consuming voltage versus consuming time graph

It was collected minimum voltages for 4 days which was tabulated (Table 4) and
graphically represented (Fig. 10). It is seen that the collected minimum load voltages
were different for different days and it is also seen that it decreases for different days.
It is also shown that it almost linearly decreases for the first day and then it decreases
almost exponentially for next 3 days.

It was also collected the maximum voltage for 4 days (Table 5) and that was
tabulated in Fig. 11. The maximum voltage decreases almost linearly for the first day
and then it decreases almost exponentially for next 3 days.

Table 4 Table for minimum
voltage with different loads

Date (Day) Minimum voltage with Load (Volt)

Day-1 47.29

Day-2 46.32

Day-3 45.92

Day-4 43.75
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Fig. 10 Minimum voltage versus date graph

Table 5 Variation of
maximum voltage of a PKL
module for different loads

Date of the month of the year
(Day)

Maximum Voltage with load
(Volt)

Day-1 50.28

Day-2 48.96

Day-3 48.82

Day-4 48.26
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Fig. 11 Maximum voltage versus date graph

It was collected the voltage without load (Table 6) for 35 h to study the self-
discharge characteristics. It is shown that the voltage without load was almost
constant up to first 10 h and it decreased slightly only 0.06 V for next 5 h and
then again it decreased to 0.03 V, 0.02 V, 0.05 V, and 0.06 V for every 5 h, respec-
tively, up to 35 h. It is also shown that the decreasing rate increases with time. It is
also shown that it was tolerable. But this desirable rate was kept constant and which
is practically impossible. It is also shown that the total difference of this voltage is
0.24 V for 35 h (Table 7).

It is shown that the consuming voltage varieswith time (Fig. 13). It is shown (Table
7) that the consuming voltage was almost constant with time for 35 h. The difference
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Fig. 12 Voltage without load versus local time graph

Table 6 Variation of voltage
(Volt) with the variation of
local time (hrs) for without
load

Local time (hrs) Voltage (without load) (Volt)

00 86.81

10 86.79

15 86.73

20 86.70

25 86.68

30 86.63

35 86.57

Table 7 Table for consumed
voltage by PKL lantern with
the variation of local time

Local time (hrs) Consuming Voltage by the load (Volt)

00 30.09

10 31.73

15 30.76

20 29.58

25 28.82

30 27.08

35 26.11

of this voltage was around 5.62 V. The voltage variation was 1.6 V (increasing) for
the first 10 h and then it was 1.07V (decreasing) for next 5 h, then 1.18V (decreasing)
for next 5 h, 0.76 V (decreasing) for next 5 h, 1.74 V (decreasing) for next 5 h, and
finally, it was 0.91 V (decreasing) for last 5 h.

Table 8 shows the load currents for different loads, whereas the open-circuit
voltage was 82.2 V and the short-circuit current was 12.30 V. It is also shown that
the current depends on the resistance. It is also shown that the open-circuit voltage
for each cell was 1.10 V.
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Fig. 13 Voltage without Load versus local time graph

Table 8 Current–voltage relationships with different loads

Number of cell Open-circuit voltage,
Voc (Volt)

Short-circuit current, Isc
(A)

Load Current, I(A) for
different load

72 82.2 12.30 2.05

3.07

4.81

5.74

6.83

6.86

10.60

11.09

11.33

11.40

11.14

11.60

11.70

11.74

11.76

Table 9 shows the load currents for different loads, whereas the open-circuit
voltage was 82.2 V and the short-circuit current was 12.30 V. It is also shown that
the current depends on the resistance. It is also shown that the open-circuit voltage
for each cell was 1.10 V (Tables 10 and 11).

Figure 14 shows a study for 150 h. It is shown that the voltage decreases with
local time but very slowly. The total voltage drop (Table 10) was around 1 V which
was from 47.5 V to 48.5 V. It is shown that it decreases linearly for the first 10 h and
then it increases linearly for next 5 h and then it was constant for 10 h and then after
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Table 9 Current–voltage relationship with different loads

Number of cell Open-circuit voltage,
Voc (Volt)

Short-circuit current, Isc
(A)

Load Current, I (A) for
different loads

72 82.2 12.30 1.00

1.33

1.50

1.60

1.70

1.71

1.60

1.64

1.67

1.70

1.57

1.60

1.59

1.55

it decreases linearly. In this way sometimes it decreases and sometimes increases.
But the voltage variation was limited within 1 V.

The load voltage was taken by changing the load resistance (Fig. 15). It was also
taken for 150 h. Here the total voltage variation (Table 11) was from 48.85 V to
49.66 V. The amount of this variation was around 0.81 V. The variation is almost
linear but sometimes it looks fluctuations from 48.85 V to 49.66 V.

8 Conclusions

The long-term study has been done here. It is the micro-level PKL power plant which
is feasible and viable for practical utilization in Bangladesh. In this case, the PKL
extract should be filtered before using electricity production. The production method
should be dynamic method instead of the static method. This micro-power plant can
be used for many purposes including computer and laptop which is shown in Table-1.
This PKL power can be used equally both day- and nighttime and also in the rainy
season. This work will be the guideline for the betterment of mankind in near future.
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Table 10 Utilization of PKL
electricity with loads

Local time (hrs) PKL module voltage with load (Volt)

00 48.42

10 48.22

15 48.29

20 48.29

25 48.29

30 48.24

35 48.17

40 48.17

45 48.17

50 48.20

55 48.25

60 48.10

65 48.12

70 47.99

75 47.80

80 47.86

85 47.79

90 47.78

95 47.77

100 47.76

105 47.75

110 47.73

115 47.71

120 47.69

125 47.69

130 47.65

135 47.65

140 47.58

145 47.55

150 47.54
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Table 11 Utilization of PKL
electricity with loads

Local Time (hrs) Voltage with load (Volt)

00 49.66

05 49.65

10 49.63

15 49.60

20 49.58

25 49.53

30 49.55

35 49.53

40 49.50

45 49.47

50 49.45

55 49.43

60 49.41

65 49.40

70 49.39

75 49.38

80 49.30

85 49.27

90 49.23

95 49.19

100 49.15

105 49.11

110 49.10

115 49.03

120 49.00

125 48.97

130 48.94

135 48.91

140 48.89

145 48.88

150 48.85
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Fig. 14 PKL module
voltage with load versus
local time graph
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Analysis of Lakes Over the Period
of Time Through Image Processing

Sattam Ghosal, Abhishek Karmakar, Pushkar Sahay, and Uma Das

Abstract The Great Salt Lake, located in the state of Utah, is the largest salt water
lake in the West and the eighth largest terminal lake in the world. The lake is a
home for millions of native birds, shorebirds, and waterfowl, including the largest
staging population of Wilson’s phalarope in the world. Since 1847, there has been
a constant decline in its area. Lake Powell is a lake near the Colorado River in the
United States and serves as a major vacation destination for approximate 2 million
people annually.However, because of successive droughts and insatiable requirement
of water for human and agriculture, Lake Powell has fallen way below in terms of
water, depth, and surface area. This study focused on the temporal changes of these
two lakes using the multi-temporal Landsat images using Prewitt edge detection and
the comparison of the result with other edge detection techniques. The results thus
obtained reflect the constant decline in Lake Powell and the Great Salt Lake in terms
of surface area in the period 1984–2018 and 1987–2018, respectively.

Keywords Delineation · Landsat images · Prewitt operator · Robert operator

1 Introduction

Lakes are generally located in the rift zones, mountainous areas, and areas with
continuous melting of snow near glaciers. Some lakes are found along the courses
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of mature rivers. There are many lakes, in different parts of the globe, which were
formed because of improper drainage systems. None of the lakes are permanent,
as they will slowly get filled up with sediments or tip over the basin containing
them. Many lakes are artificial in nature and have been constructed for serving the
industrial or agricultural needs, or for hydro-electric power generation and domestic
water supply, or for exquisite, recreational purposes, or some other activities.

Over the years, surface water bodies like lakes, ponds, reservoirs, etc. have been
treated as a community resource. They were being nurtured, protected, conserved
and managed by the major percentage of the local community without any code of
conduct or rule. In turn, these water bodies have been catering the local human and
livestock populations. In the modern times, after the introduction of water supply for
the public and ground water usage through the hand pumps and wells, a dramatic
shift in the attitude of the people towards these water bodies has been witnessed.
Both the governments as well as the locals have begun ignoring this asset in the fad
and fantasy of the introduced public water supply. They have just started neglecting
and have really stopped being responsible for these community resources. Other
than this, blooming urban and industrial development has changed the position of
these water bodies from a public resource to just a dumping ground for construction
debris, garbage, sewage, religious offering etc. These water bodies had fallen a prey
to administrative and social atrocities. All this has put the existence of these water
bodies on stake and has led to severe deterioration of their water quality. In the recent
years, urgent need to restore these community resources has been realized by various
countries. This is because mushrooming population and development activities have
put immense strain on the public water supply and ground water extraction. This has
widened demand–supply gap and has led to excessive depletion of ground water.

The present study deals with the narrowing of one of the major surface water
bodies i.e. Lakes. Examining the changes in their overall structure and area done
through the graphical analysis of the Landsat images with the help of our proposed
framework.

2 Materials and Methods

The basic methodology adopted for carrying out the present study is primarily by
analyzing and interpreting the primary data along with the review on the available
literature and media reference on the issue. Some of the finest works have been done
for vegetation like [1] and [2] and for river extraction [3] but when it comes to using
such algorithms for smallerwater bodies like lakes andponds, the noise overlapping is
way too much. Primary data for the present study are the Landsat images which were
gathered from https://www.earthexplorer.usgs.gov [4, 5] and the literature whichwas
gathered from various sources. The segmentation based on threshold detection from
hue histograms [6] and the NDVI method as discussed in [7] was very beneficial in
finding out the vegetation or the cropped fields in a satellite image but when same

https://www.earthexplorer.usgs.gov
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technique is used for water bodies, the results aren’t very promising. The various
components of the methodology for the present study are as follows.

3 Great Salt Lake

The Great Salt Lake, located in the state of Utah, is the largest salt water lake in
the West and the 8th largest terminal lake in the world [8]. In an average year the
lake covers an area of around 1,700 square miles (4,400 km2). In 1988, the surface
area was at its peak of 3,300 square miles (8,500 km2) but there has been a constant
decline ever since. It is the largest lake in the United States, in terms of surface area
coverage, which is not a part of the Great Lakes region. Great Salt Lake is salty
because it does not have an outlet. Tributary rivers are constantly bringing in small
amounts of salt dissolved in their fresh water flow. Once in the Great Salt Lake much
of the water evaporates leaving the salt behind. These large changes in water levels
is the result of years of human activities such as diverting the river water, which was
supposed to fill the lake, for agriculture and industry. It is approximated that about
40% of river water is usually diverted from the lake. These activities, in addition to
the ongoing drought in the Western hemisphere, have drained humongous volume
of water from the historic lake. As a result, evaporation from the lake’s surface is
significantly faster than the river inflow. The wildlife habitat is also disappearing and
the health of the two million people living in the surrounding area is threatened from
airborne dust coming from the dried lake-bed (Figs. 1 and 2).

Fig. 1 Salt lake 1999
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Fig. 2 Salt lake 2018

4 Lake Powell

Lake Powell situated near the Colorado river, is a lake bestriding the boundaries
between Utah and Arizona in the United States [9]. Colorado River flows in from
the east around Mille Crag Bend and is engulfed by the lake. At the west end of
Narrow Canyon, the Dirty Devil River joins the lake from the north. It is a major
vacation spot that around two million people visit every year. However, due to high
water consumption for agricultural purpose and humans, and because of continuous
droughts in the area, Lake Powell has fallen way below in terms of water, depth
and surface area. The downfall was visible in the canyons on either side feeding the
reservoir. By 2002, thewater levels had dropped somuch that the canyonwalls, which
were way too exposed, created a light- coloured outline all around the lake. Falling
water levels and dry conditions are seen easily in the images of the 2000s. The side
branches of the lake have all receded in comparison to the previous year’s extents.
In 2017, the rainfall and snowfall were as usual low, which resulted in long-term
drought in the region (Figs. 3 and 4).

5 Delineation of Images

To convert an RBG image to grayscale, there are various methods to create a single
value for each pixel to represents its brightness from the RBG values. One method
is to take average contribution from the three channels. However, the thus obtained
brightness is often influenced by the green component. To avoid that the images were
delineated into RGB formats in order to analyze them individually.
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Fig. 3 Lake powell in 2018

Fig. 4 Lake powell in 1984

6 Prewitt Method

Sometimes it happens that the lakes or other water bodies can’t be extracted with
great accuracywhereas the coastal boundaries segmentation as discussed in the paper
[10] can be achieved using spatial attraction algorithm. This might be due to the noise
present in the image or the blurriness in the image itself. That’s why various edge
detection algorithms were used to differentiate the edge of the lakes and the other
uneven parts of the images but the Prewiit edge detectionmethod gave the best output.
The above mentioned operator is a discrete differentiation operator which computes
the approximated values of the image gradient and its features. It is somewhat similar
to Sobel operator. It has two 3 × 3 kernels. Mathematically, it uses the convolution
of the original image with two 3 × 3 kernels to get the approximate values of the
derivate, namely for the horizontal and the vertical changes. The ‘A’ being the original
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image, then Gx and Gy are considered to be the two images where the vertical and
horizontal approximate derivatives are stored at each point. Upon convolving the
resulting gradient is given by

G = √
(Gx ∗ Gx) + (Gy ∗ Gy)

And the direction of the gradient is given by

θ = a tan 2(Gx,Gy)

7 Difference in the Images

Lastly two differences were taken for comparing the changes in the surface area.
of the Lakes which happened over time. The differences are as follows:

• Difference in the original images (Lake Powell in 1984 and Lake Powell in 2018)
to see the changes in the overall image.

• Difference in the images obtained after edge detection (rivers abstracted).

The average color of the zones and the brightness were used to compare two
pictures for likeness. The basic approach for the same was as follows:

• Check dimensions. If different, then images are not the same.
• Check formats. If same, then perform precise comparison, pixel by pixel.
• If different formats do this: Compare Brightness as half the weight and compare

color/hue as the other half. Calculate the difference in values and depending
on’tolerance’ value they are the same or they are not.

8 Results

8.1 Great Salt Lake

After calculating the differences in the original images and the images obtained after
Prewitt detection were analyzed, the changes in the surface area was calculated over
the years. The results were as follows:

• Change in the surface area from 1987 to 1999: –18.06%
• Change in the surface area from 1999 to 2011: –13.34%
• Change in the surface area from 2011 to 2016: –20.74%
• Change in the surface area from 2016 to 2018: –10.05%

The overall change observed from 1987 to 2018 was –53.07% (Figs. 5 and 6).
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Fig. 5 Differences in the
images after prewitt
detection

Fig. 6 Differences in the
original images of 1987 and
2018

9 Lake Powell

After calculating the differences in the sameway as described above, the results were
as follows:

• Change in the surface area from 1984 to 1993: –12.47%
• Change in the surface area from 1993 to 1998: –26.36%
• Change in the surface area from 1998 to 2018: –35.65%

The overall change observed from 1984 to 2018 was –54.76% (Figs. 7 and 8).
According to an article by Denver Post [11] and Science Mag [12], the actual

water level loss of Lake Powell was 52% and that of Great Salt Lake was 50%
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Fig. 7 Differences in the images after prewitt detection

Fig. 8 Differences in the original images of 1984 and 2018
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whereas our study showed it to be 54.76% and 53.07% respectively. The accuracy
of our proposed framework was 94.69%. and 93.86% (Figs. 9 and 10).

Fig. 9 Scharr detection

Fig. 10 Roberts detection
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The decision to choose a particular edge detection technique played a vital role
here. Comparisons of various edge detection techniques based on their outputs can
be observed here (Figs. 11 and 12).

Fig. 11 Prewitt detection

Fig. 12 Sobel detection
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10 Summary and Discussion

Extracting water bodies from satellite images is a challenging task and has a few
problems due to (1) merged water pixels, (2) scene dependent threshold levels, (3)
background noise. Landsat imaging and water quality monitoring are of vital impor-
tance as it gives particular data about the quality and nature of the water bodies. In
the current work we are thus able to detect the changes in surface water from images
corresponding to different epochs.

As shown in the study, Lake Powell and Great Salt Lake lost more than half of this
surface area in the period 1984–2018 and 1987–2018 respectively. If it continues in
the same way, it is very likely that the lakes will lose all their surface area in the near
future. This is very critical because the lakes providemany benefits for the society and
the people living in their surroundings. Therefore, immediate and befitting measures
should be taken by authorities to mitigate further decline of these lakes surface area
and to restore the lakes to their original conditions. It is very clear that the construction
of dams on the rivers flowing to the lakes, tremendous groundwater usage, divergence
ofwater sources to agricultural, industrial and domestic uses, and subsequent drought
have all reduced the surface area of these lakes. Further, changes in watershed due
to changes in rainfall and agricultural land use should also be investigated over the
period of time.
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Video Watermarking for Persistent and
Robust Tracking of Entertainment
Content (PARTEC)

Deepayan Bhowmik, Charith Abhayaratne, and Stuart Green

Abstract The exploitation of film and video content on physical media, broadcast
and Internet involves working with many large media files. The move to file-based
workflows necessitates the copying and transfer of digital assets amongst many par-
ties, but the detachment of assets and their metadata leads to issues of reliability,
quality and security. This paper proposes a novel watermarking-based approach to
deliver a unique solution to enable digital media assets to be maintained with their
metadata persistently and robustly. Watermarking-based solution for entertainment
content manifests new challenges, including maintaining high quality of the media
content, robustness to compression and file format changes and synchronisation
against scene editing. The proposed work addresses these challenges and demon-
strates interoperability with an existing industrial software framework for media
asset management (MAM) systems.

1 Introduction

Digital watermarking received significant attention in the recent past for various
Multimedia-related applications such as copyright protection, image quality moni-
toring or media integrity verification. For example, Cox et al. [7] identified broadcast
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monitoring, owner identification, proof of ownership, authentication, transactional
watermarking, copy control and covert communication as potential watermarking
applications of which some are adopted in the industry1 with additional applications
such as audience measurement or improved auditing. Amongst other applications
(1) image qualitymeasurementwas proposed in [10] bymeasuring the degradation of
the extracted watermarking; (2) [12] proposed a watermarking method for improved
management of medical records through embedding patient data such as identity,
serial number or region of interest to ensure the image association with the correct
patient; or (3) a real-time system for video-on-demand services where frame images
are watermarked, unique to the user and aims to deter piracy [15]. On contrary, this
paper considers a new application of watermarking in tracking entertainment content
from production to post-processing to distribution. In designing our new algorithm,
it is important to revisit the literature that looked at various characteristics of water-
marking algorithms including algorithms that are either imperceptible [1], robust to
intentional [8] and unintentional (e.g., compression [11], filtering or geometric [16])
attacks or fragile [6] or secure [4].

This work proposes a new video watermarking application for Persistent and
Robust Tracking of Entertainment Content (PARTEC). PARTEC is concerned with
improving the assets and theirmetadatamanagement infile-basedworkflows required
for reliably copying and transferring digital assets amongst many parties. The
exploitation of film and video content on physical media, broadcast and the Internet
involves working with many large media files. Because of the size of media files,
they are inevitably copied multiple times during post-production so that operators
and different physical locations can work efficiently by having a local copy. This
means that it is not practical to record the assets in one central location from which
multiple operators have common access. A consequence of this is thatmultiple copies
exist and therefore there is difficulty in maintaining the integrity of those copies. For
example, if a change is made to the master copy, then there is currently no simple
way for that change to be propagated to all copies, i.e., version control.

Detachment of assets and their metadata leads to issues of reliability, quality
and security in media post-processing industry. PARTEC delivers a new, unique
watermarking-based solution to enable digital media assets to be maintained and
tracked with their metadata persistently and robustly by embedding unique identi-
fiers as a watermark. Additionally, the proposed solution also enables personalisation
of each copy of an asset file and so affords a level of security to prevent unauthorised
access to protected data. However, watermarking entertainment content manifests
new challenges, such as (a) limited/no distortion (due to embedding) is permissible
for high-resolution and high-quality studio contents; (b) the solution must be com-
patible with existing industrial file formats; (c) robust to reasonable compression
and format changes; and (d) robust to scene editing, i.e., inclusion or exclusions of
frames within existing content, joining multiple clips to create a new edit or produc-
ing multiple clips from a single source. Our work proposes a solution that addresses
the above-mentioned challenges and demonstrates interoperability with an existing

1www.digitalwatermarkingalliance.org.

www.digitalwatermarkingalliance.org
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industrial software framework for media asset management (MAM) systems. Main
contributions of our work are

• A unique watermarking-based system for persistent and robust tracking of enter-
tainment content,

• New watermarking algorithms suitable for frame domain, MPEG-2 and H.264
compression domain embedding with high imperceptibility and

• Techniques for watermark identifier extraction robust to scene editing, media file
format changes and compression.

2 Motivation and Requirements Analysis

PARTEC considers wider industry requirements from the users including (a) media
companies producing film and video content; (b) content post-processing compa-
nies providing professional services to entertainment markets; and (c) developers
of MAM systems for the entertainment industry. Application scenarios include a
media company wishes to offer paid for video-based educational resources which
are available to consumers across the world through its video streaming website.
Updatable metadata is a critical component of these materials, is time-sensitive and
easily detached from the media when teachers download and create copies, thereby
diminishing value. Our solution ensures the persistent association of media with
the associated metadata throughout commercialisation of the media content. The
approach delivers the very latest metadata on each occasion when a media asset is
accessed and enables authentication of file based assets by validating their contents,
version, the associated access permissions, rights clearances and other metadata
including any revisions to an asset’s metadata.

PARTEC represents a new application ofwatermarking techniques for the purpose
of asset tracking, authentication and security. To the best knowledge of the authors,
there exists no solution that addresses this scope or that applies imperceptible water-
marking techniques for the purposes envisaged, having consulted with significant
content producers and assessing the product specifications of MAM systems. As
a significant shift towards file-based workflows in the entertainment industry man-
dates for greater levels of tracking and security, our approach is timely and solves
an existing industrial problem. An overall system diagram is depicted in Fig. 1 and
this paper describes the watermarking-based solution (coloured boxes) which is the
central theme of PARTEC.

2.1 Requirements Analysis

As the part of the system design, we analyse the requirements with a greater under-
standing of the approaches currently taken in the industry for media asset manage-
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Fig. 1 PARTEC overall system diagram

ment. We also gave better emphasis on the interoperability of the proposed system
with the existing framework as this is necessary for industrial adaptation. The require-
ments analysis is dissected in four different categories as discussed below and shown
in Table 1.

Media format A solution capable of handling existing file types is important to the
media industry. In PARTEC, we deal with two different categories of file types:

– Audio–video wrapper formats that multiplex video streams with optional audio
streams and sub-title text and to provide one single file type (e.g., DAT, VOB,
MOV, AVI, MP4, MPG, etc.).

– Video stream formats, available within the wrapped files mentioned above. These
file types are encoded video bitstreams complying either proprietary (e.g., ProRes
by Apple) or international standards, e.g., MPEG-2, H.264, etc.
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Table 1 Types of industrial requirements

Requirements Description

Media format Statistical analysis of the available contents in terms of file type/wrapper
format and video stream formats, i.e., compression/encoding types

Imperceptibility Requirements for allowable quality degradation after watermark embedding

Robustness Robustness of the algorithm that successfully preserve the watermark
identifier under various compression and format changes.

Synchronisation Ability to retrieve and identify the content which were modified such as
scene editing, frame dropping, joining multiple clips, etc.

In order to achievemaximumcoverage,wehave analysed a statistically representative
sample consisting of 168, 389 media files available from industrial partners’ asset
repositories, ofwhichmajorwrapper types account forDAT: 43%,VOB: 21%,MOV:
15% and AVI: 13%. With respect to video stream formats, MPEG-2 occupies 47%
of the total repository, followed by RAW (17%), H.264 (9%), ProRes (6%) and
the remainder is made up of other formats. We have considered these statistics in
designing PARTEC.

Imperceptibility Imperceptibility (visual quality) and robustness are widely con-
sidered as the two main properties vital for a good digital watermarking system.
They are complimentary to each other and hence challenging to attain the right bal-
ance between them. However, in processing entertainment media, the visual quality
carries significant weight to provide the highest Quality-of-Experience (QoE). Our
design is heavily influenced by this requirement and ensures imperceptibility after
watermark embedding.

Robustness The requirement demands two different types of robustness of the
extracted watermark, (a) robustness against video format change and (b) robust-
ness to rational compression using popular standards, i.e., MPEG-2 and H.264 here.
These are needed to support a change in format or compression ratio during post-
production, i.e., preparing screening quality, DVD quality or other types of content.

Synchonisation Synchronisation is one of the major issues within the video water-
marking domain that is rarely addressed. In PARTEC, the synchronisation problem
emerges due tomedia post-production including scene editing, frame dropping, com-
bining multiple clips or inserting frames within a clip. A solution should be capable
of identifying clips from multiple sources or multiple segments within a single clip.
Watermark synchronisation (at least) at frame level is an essential component of our
proposed solution.
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Fig. 2 Overall embedding workflow including media format handling watermark embedding

3 The System Architecture

PARTEC system architecture fulfils the industrial requirements with three major
functionalmodules: (a) file format handling, (b)watermark embedding and extraction
and (c) synchronisation. The overall flow diagram for embedding is shown in Fig. 2.

3.1 File format handling

Compatibility of the solution with existing media file types is important in the indus-
try. As discussed earlier, two types of media files need to be handled in PARTEC: (a)
audio–video (AV) wrappers and (b) video stream formats. Our strategy is to demul-
tiplex the AV wrapper to separate the video and audio stream. While we process
the video stream for watermarking, we keep the audio stream in a temporary file.
After embedding, we re-multiplex the watermarked video stream with the temporar-
ily stored audio to produce a watermarked file in the same AV format as originally
received. The file format handling module also checks for supported formats, i.e.,
MOV, VOB, MPG, MP4, etc.
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3.2 Watermarking

Based on our statistical analysis of available video formats and industrial require-
ments (see Sect. 2.1), evidently, we concentrate on proposing watermarking algo-
rithms for MPEG-2 and H.264 encoded videos. However, to handle any other for-
mat, we also propose a frame domain watermarking scheme that is robust to format
changes and compression. In all cases, we aim to preserve the quality of the assets
closer to its original quality with minimum watermarking strengths. We also extract
exact watermark sequence unlike traditional academically interesting correlation or
similarity measure.

MPEG-2 compression domain watermarking We propose a new MPEG-2 com-
pression domain watermarking module due to the widespread use of MPEG-2 video
assets in the industry. Our algorithm embeds watermark on a partially decoded
MPEG-2 bitstream. Firstly, the input bit stream is entropy decoded to produce quan-
tized I, P and B frames. The motion vector (MV) data and other header information
are kept separately. The partially decoded frames are then analysed and the quantised
DC-DCT coefficients of the I frames are marked for watermark embedding. The least
significant bits (LSB) of those DC coefficients are modified according to the incom-
ingwatermark bit. Oncemodified the frames are entropy encoded alongwithMVand
header data to produce an MPEG-2 compatible watermarked bit stream. The overall
functional block diagram of our proposedMPEG-2 compression domain watermark-
ing module is shown in Fig. 3. Use of partial decoding within MPEG-2 flow allows
us to avoid quality degradation due to re-compression. The extraction of watermark
follows similar partial decoding and collects the LSB of the DC coefficient as the
extracted watermarking bit.

Zero-distortion H.264 compression domain watermarking Next, we propose
a zero-distortion H.264 compression domain watermarking scheme. This module
embeds the watermark sequence within the Network Abstraction Layer (NAL) of
the H.264-coded bitstream. The H.264NAL standard defines 22 (/32) bits for various
header information, whereas 23rd and 24th bits are reserved and 25th–32nd bits are
unspecified. We have used 3 bits of the unspecified NAL unit bits for embedding.
The bits are altered according to the incoming watermarking bit sequence: 010 and
001 for 1 and 0 watermark bits, respectively. Further, a sequence (110) is used for
synchronisation after embedding of every watermark key. This allows embedding the
watermark information within H.264 header without distorting the media content,
and hence called zero-distortion watermarking. This approach provides a fast water-
marking method which is robust to H.264 synchronisation attack and any H.264 file
editing that preserves the header information.

Frame domain watermarking Finally, we propose a frame domain watermarking
scheme that is compatible to many video formats and robust to format changes and
reasonable compression. Although many joint watermarking compression domain
algorithms were proposed in the literature (e.g., for MPEG-2 [5] and H.264 [9]), any
compression domain watermarking scheme is vulnerable to format changes which
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Fig. 3 Proposed MPEG-2 compression domain watermarking module

is one of the requirements in our case. Therefore, we propose a frame domain water-
marking algorithm where the media bitstream is first uncompressed to individual
frames, preserving all encoding-related information including information on inter-
lacing for MPEG-2 videos. Further, we propose a new discrete wavelet transform
(DWT) domain watermarking scheme as the wavelet-based algorithms demonstrated
superior performances in recent literature [3].

Considering the importance of imperceptibility, we propose a novel texture based
watermarking algorithm as studies [2] suggest embedding within a textured region is
far less noticeable compared to embedding in homogeneous regions. Our approach
also considers identifying high-frequency textured regions within the scene using
DWT for watermark embedding due to DWT’s dominance as a powerful tool for
texture analysis [13]. DWT decomposes an image into independent frequency sub-
bands ofmultiple orientations at multiple scales demonstrating details and structures.

Once wavelet decomposed the vertical and horizontal high-frequency sub-bands
are divided into multiple non-overlapping blocks of size N × N . The cumulative
energy of the blocks for a vertical sub-band are compared with cumulative energy
of the corresponding blocks in the horizontal sub-band. Depending on the incoming
watermark sequence (W ), the sub-band energies in pairs of blocks are modified
so that the energy of one block is greater than the other and vice versa. This is
achieved by modifying the coefficient values with a predefined strength parameter
(α). This allows minimum distortion after embedding with reasonable robustness
performance. Inverse DWT is then applied to reconstruct the watermarked frame.
Finally, these frames are encoded in the same format as received using the preserved
parameter information to comply with the existing infrastructure. The algorithmic
description of this module is shown in Algorithm 1. A blind extractor can extract the
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Input: Video stream
Format and encoding information extraction;
Decompress to frame domain;
repeat

Wavelet transform on individual frame;
Texture energy calculation;
Compare vertical (V ) and horizontal (H ) high-frequency sub-band in blocks;
Modify coefficients (C) iteratively: C ′ = C(1 ± α.W ) so that
begin

switch watermark bit do
case 1

VEnergy > HEnergy
endsw
case 0

VEnergy < HEnergy
endsw

endsw
end
Inverse wavelet transform to reconstruct watermarked frames;

until end of sequence;
Re-compression to original video format;

Algorithm 1: Summary of frame domain watermarking module.

watermark information very quickly by comparing the block energies after wavelet
decomposition of the test frame.

3.3 Synchronisation

Due to media post-processing, e.g., scene editing, video summarising for trailer
preparation, often multiple clips are created from a single media source or combined
to create a single clip. It is important to identify the origin of composite media
files consisting of multiple clips edited together. Therefore, synchronisation at frame
level or stream level for watermark identifier is necessary for this work. Our solution
proposes two different synchronisation approaches to address this issue:

Frame domain unique watermarking: During the frame domain watermarking,
video streams are uncompressed to frame level and unique watermark identifiers are
embedded in each frame. The modularity of the unique identifier relies on the target
usage. For example, frames from multiple sources can be identified by embedding
one identifier in every frame for each source. Different identifiers are extracted during
authentication which also indicates the temporal location of various clips. In another
scenario when frame dropping or frame editing needs to be tracked, each frame from
a single source requires embedding of a common identifier.

H.264 bit synchronisation: The proposed framework provides additional synchro-
nisation for H.264 compressed domain watermarking (see Sect. 3.2). During the
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identifier embedding,we add synchronisation bits every time. This self-synchronising
method allows the user to detect any cropping in the temporal domain or the presence
of multiple clips (from different sources) in H.264 domain.

3.4 Overall Watermarking Work Flow

The overall flow diagram for embedding is shown in Fig. 2. During embedding,
when an input media is received, it is checked for format compatibility followed by
a demultiplexing of video and audio files. The audio files are kept temporarily. In
the case of MPEG-2 or H.264 video stream, one can choose either a frame domain
watermarking, should the requirement be for robustness. Alternatively, for fast but
less robust watermarking, the MPEG-2 or H.264 compression domain watermark-
ing scheme can be chosen. For any other formats, frame domain watermarking is
recommended. As a first step of the frame domain watermarking, the video stream
is first uncompressed and compression parameters, available from header informa-
tion, are kept. Once the watermark embedding is done the parameters are used to
re-compress the media in the similar format and quality as it was received. Finally,
the re-multiplexing module combines video and audio to produce the final trackable
media asset. Extraction flow is very similar to the embedding flow except, in this
case, we do not need to store any temporary audio file or other parameters. Once
the watermark extraction is done, an XML report is generated to collect the overall
statistics of the extracted watermark/identifier. This identifier is then sent to remote
database for validation and metadata extraction as shown in Fig. 1.

4 System Verification, Results and Discussions

The interoperability of our solution was tested successfully and incorporated with
an industrial media asset management system. Performance of individual modules
is reported here using an exemplar test sequence (Crew)2 with a dimension of
352 × 288. Firstly, the uncompressed YUV sequence is encoded with (1) MPEG-2
compression andwrapped in a .MPG format and (2) H.264 compression andwrapped
in a .MP4 format using FFmpeg to experiment with MPEG-2 compression domain
andH.264 compression domainwatermarking, respectively. Finally, both the formats
are used to perform frame domain watermarking and tested against the requirements
set out in the beginning of this paper. The proposed system is also verified with more
sequences (available from the industrial partners’ repository) with various media
formats including, MPEG-2, H.264, ProRes, DPX and MJPEG.

In this experimental set-up for MPEG-2 watermarking, we have chosen I-frame
only embedding as that is more likely robust compared to P or B frame embedding.

2https://media.xiph.org/video/derf/.

https://media.xiph.org/video/derf/
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The H.264 watermarking does not need user-defined parameter as the module is
restricted to header modification within the NAL unit to provide a zero-distortion
embeddingmechanism. Finally, the frame domain watermarking considers a compu-
tationally inexpensive lifting-based bi-orthogonal 5/3 wavelet kernel with one level
decomposition and a block size of 4 × 4 (i.e., N = 4). The watermark consists of a
sequence that represents a 64-bit binary identifier.

4.1 Results and Discussion

In verifying the compatibility with various media formats, the proposed solution
is tested with various media wrappers and successfully de-multiplexed video and
audio streams separately. Once the video streams are watermarked using one of
the three available modules, it multiplexed the watermarked video stream with a
temporarily stored audio file to output in a format same as the input one. We also
compare the compatibility with video stream formats, e.g., MPEG-2 watermarking
is only usable for MPEG-1 or MPEG-2 compatible streams, H.264 watermarking
is usable with H.264 complied bitstream, while frame domain watermarking can be
used for a wide range of video stream formats. Currently, supported video stream
formats for frame domain watermarking include MPEG-2, H.264, ProRes, DPX and
MJPEG. Interlaced videos commonly availablewithmany existingMPEG-2 streams
for broadcasting are also supported in the proposed solution. A summary of media
format compatibility is shown in Table 2.

Media quality has a major influence in the design of our solution. In this work,
we used two existing objective measurements: Peak Signal-to-Noise Ratio (PSNR)
and Structural Similarity Index Measure (SSIM) [14], to quantify any distortion due
to watermark embedding. In both cases, a higher value indicates superior perfor-
mances. Generally, PSNR value more than 35dB and SSIM more than 0.9 indicate
imperceptible embedding performances. The embedding distortion performances,
i.e., PSNR and SSIM for MPEG-2 and frame domain watermarking are shown in
Fig. 4a, b, respectively. The x-axis in each plot indicates the distortion measure and
y-axis represents the frame number. In both cases, the results show PSNR values well
above 35dB with an average of 46.24dB (MPEG-2) and 45.23dB (frame domain);
and SSIM values above 0.9 with an average of 0.99 in both cases. The ripple effect
in MPEG-2 watermarking is due to I-frame only embedding and subsequent error
propagation. However, due to high PSNR/SSIM value distortions are not noticeable.
It is worth noting that we do not report the embedding performance for H.264 water-
marking as that does not modify the media content, hence called zero-distortion
watermarking.

The robustness performances against MPEG-2 and H.264 compression are
reported in Table 2. New compressed test sequences are obtained by setting the quan-
tisation parameters in both compression standards, i.e., the quality scales (Q Scale)
for MPEG-2 and the quantisation parameter (QP) for H.264. Maximum value of Q
Scale = 4 and QP = 20 were set based on the current practices in DVD quality content
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Table 2 Compatibility of PARTEC to industrial requirements

Compatibility ⇓ Watermarking schemes

MPEG-2 based H.264 based Frame domain
(preferred solution)

Media format compatibility

AV media wrapper
(DAT, MOV, AVI,
VOB, MP4)

✓ ✓ ✓

Video stream:
MPEG-2 (including
interlacing)

✓ ✗ ✓

Video stream: H.264
✗ ✓ ✓

Video stream: ProRes,
DPX, M-JPEG, etc. ✗ ✗ ✓

Robustness against compression

MPEG-2 compression
(Q Scale = 2) ✓ ✗ ✓

MPEG-2 compression
(Q Scale = 4) ✗ ✗ ✓

H.264 compression
(QP = 20) ✗ ✗ ✓

Synchronisation

Joining and splitting
multiple clips
identification

✗ ✓ ✓

Frame inclusion and
dropping detection ✗ ✗ ✓
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Fig. 4 Embedding distortion performance of MPEG-2 compression domain and frame domain
watermarking for Crew test sequence: a Average PSNR: 46.24dB (MPEG-2) and 45.23dB (frame
domain) and b Average SSIM: 0.99 (MPEG-2) and 0.99 (frame domain)
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production (hence, we refrained from reporting robustness results at higher com-
pression ratio). Extraction is applied to these compressed test sequences to retrieve
the exact watermark. Our results show superior performance by the frame domain
watermarking, while MPEG-2 watermarking performs within reasonable expecta-
tions. H.264 watermarking in compression tests failed in all cases as compression
involves decoding and re-encoding of themedia where the header information is lost.
However, the latter one is the fastest to compute amongst three (frame domain being
slowest) and is useful to handle synchronisation and media clip identification. We
avoid reporting the robustness results for signal processing watermarking attacks,
such as filtering, noise inclusion, etc., as these are not part of the requirements and
hence considered outside the scope of this paper.

We report the results satisfying the requirements of synchronisation as described
in Sect. 2.1. The proposed scheme can detect sources of multiple video clips (scene)
joined together during scene editing or tracking multiple clips generated from a
single source. The solution is also capable to identify frame dropping, frame inclu-
sion within a sequence using frame-level watermark synchronisation (frame domain
watermarking) or header-based synchronisation (H.264 watermarking). A summary
of the ability to synchronise for three different watermarking modules are shown in
Table 2.

Finally, we report the level of complexity for our watermarking module. H.264
only modify header information within H.264 bitstream and hence requires the least
amount of computation, whereas MPEG-2 watermarking module partially decodes,
watermark and re-encode the media and has reasonable complexity. The frame
domain watermarking satisfies all requirements of PARTEC and robust against com-
pression but exhibits higher computational complexity duringwatermark embedding.
However, the extraction procedure is highly efficient providing opportunity for real-
time performance.

5 Conclusions

PARTEC proposed a new application of watermarking techniques for the purpose
of assets tracking and authentication. It considered wider industry requirements in
both users (media or content post-processing companies) and developers (of media
asset management systems) point of view. PARTEC developed the watermarking-
based solution by analysing industrial requirements and produced a system that
is compatible with the existing infrastructure. The requirements were dissected in
four different categories, e.g., media format compatibility, imperceptibility, robust-
ness and synchronisation. Three different watermarking algorithmswere proposed in
this work: (a) MPEG-2 compression domain, (b) zero-distortion H.264 compression
domain and (c) wavelet-based frame domain watermarking. Experimental verifi-
cation showed promising results for the target application. We conclude that our
approach with the frame domain video watermarking is format agnostic and suitable
to fulfil the requirements listed in this work.
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