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Preface

The Second International Conference on Electronic Systems and Intelligent
Computing (ESIC-2021) which will be held at KIIT Deemed to be University,
Bhubaneswar, Odisha, India, from 5th to 6th November, 2021, was jointly orga-
nized by World Leadership Academy and Kalinga Institute of Industrial Technology
(KIIT) Deemed to be University. The first edition of this conference was organized
by NIT, Arunachal Pradesh, and the proceeding was published by Lecture Notes
in Electrical Engineering (Volume 686). The essential goal of the Second Interna-
tional Conference on Electronic Systems and Intelligent Computing (ESIC-2021)
is to give a stage to both electronic hardware and software to communicate under
one umbrella for further improvement of shrewd electronic frameworks. Effective
and secure information detecting, stockpiling, and preparing play a significant part
in the current data age. The cutting-edge savvy electronic frameworks take into
account the requirements of effective detecting, stockpiling, and figuring. Simulta-
neously, effective calculations and programming utilized for quicker examination
and recovery of required data are winding up progressively. Storing and handling of
the gigantic measure of organized and unstructured information are getting progres-
sively hectic. Simultaneously, Post-CMOS technologies, Internet of Things (IoT),
and Cyber-Physical System (CPS) have been moving with synchronous advance-
ment of hardware and programming and lies over ordinary customer gadgets. The
exhibition and productivity of the present just as the future ages of figuring and
data handling frameworks are generally reliant upon advances in both design and
programming.

Moreover, we would like to extend our sincere gratitude to the reviewers, technical
committee members, and professionals from the national and international forums
for extending their great support during the conference.

Bhubaneswar, Odisha, India Dr. Pradeep Kumar Mallick
Ghaziabad, India Dr. Akash Kumar Bhoi
Madrid, Spain Dr. Alfonso Gonzéalez-Briones

Bhubaneswar, Odisha, India Dr. Prasant Kumar Pattnaik

xi
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A Parallel Implementation of FastBit )
Radix Sort Using MPI and CUDA ek

Raghunandan, B. Aishwarya, B. Ashwath Rao, Prakash K. Aithal,
and Gopalakrishna N. Kini

Abstract The sorting operation arranges the data in an easily reproducible format,
making it easy to search and store the data. With the search operation being highly
optimized on sorted data, it is no surprise that sorting has become a very important
computing operation. Many sorting algorithms have been developed over the years
and the main aim is to reduce the time and space complexities for sorting in the worst-
and average-case scenarios. Radix sort is one of the non-comparative-based sorting
algorithms that performs the sorting operation in linear time. This paper proposes
a parallel approach on a variation of Radix Sort namely, FastBit Radix Sort. 9 x
speedup is achieved through the parallel algorithm proposed.

Keywords Sorting - Radix sort - MPI + CUDA - FastBit Radix Sort + Parallel
sort - Parallel computing

1 Introduction

Sorting is an operation or technique which is used to arrange and rearrange sets of
data in a specific order [1]. It is considered to be one of the most basic algorithms
in Computer Science due to its wide range of applications. Sorting techniques can
be broadly classified as Comparative- and Non-comparative-based techniques. In
comparative-based sorting, a comparator decides on the order of the sorted data
namely numerical, lexicographical, etc. In a non-comparative sorting algorithm, the
order of elements is based on the integer arithmetic on the keys. Radix sort falls into
the non-comparative class of sorting algorithms. It has been known to be used as far
back as 1887 by Herman Hollerith in tabulating machines [2].
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Radix sort can be implemented with ease by performing modulus operation on
each of the data elements and placing them in a count table using the digit obtained.
The implementation thus created would have a worst-case time complexity of O(k*n)
where “k” is the maximum number of digits for a data element and “n” is the input
size. It has been observed by Joo-Young Kim et al. in [3] that the radix computing
operation at the bit level is faster than the arithmetic level. In light of this, the Radix
sort is modified to obtain the FastBit Radix sort. While the Radix sort extracts the
order by performing modulus operation followed by division, the FastBit Radix sort
obtains the same through bitwise “AND” operation followed by bit manipulation of
the integer mask [4].

With the increasing volumes of data, a sequential sorting algorithm may not be
efficient enough for sorting the data. In this paper, we have proposed a parallel
algorithm for sorting huge datasets. The parallelization of the sorting algorithm has
been performed using two standard libraries: Message Passing Interface (MPI) and
Compute Unified Device Architecture (CUDA). MPI is a library specification for
message passing, proposed as a standard by a broadly based committee of vendors,
implementers, and users [5]. It is used to achieve interaction between processors
running in parallel with the help of inbuilt APIs. These API calls can be made using
C, C ++ Fortran, etc. CUDA is a parallel computing platform and programming
model developed by NVIDIA for general computing on graphical processing units
(GPUs) [6]. With CUDA, developers will be able to dramatically speed up computing
applications by harnessing the power of GPUs. Using CUDA, one can choose to run
the compute-intensive portion of the application on thousands of GPU cores that are
running in parallel. These CUDA API calls can be made using C, C ++, Fortran,
Python, etc.

The structure of this paper is as follows: Sect. 2 provides a literature survey
describing the existing work done by researchers in parallelization of certain sorting
algorithms. Section 3 provides a detailed description of the methodology used for
developing the parallel algorithm. Section 4 presents the experimental setup and
the analysis done to achieve optimum results using the proposed method. Section 5
discusses the results obtained during the experimentation. Finally, Sect. 6 presents
the conclusion and future scope.

2 Related Work

A study of various parallel sorting algorithms was performed by Durad et al. in [7],
and they had implemented various sorting algorithms using MPI which includes
Bitonic Sort, Odd—-Even Sort, Shell Sort, etc. to name a few. They compared it on
clusters of computers both with and without ethernet for communication between
the processing elements. This was to simulate the limited communication bandwidth
situation. The performance was analyzed based on the runtimes. While performing
the sort in the ethernet cluster, they found that merge sort performs better for
large datasets. However, in the non-ethernet cluster, they found that the Radix sort
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performed better, and hence, it holds promise for usage in standalone systems. They
also concluded that the odd—even sorting performance improved with the added
number of processing elements. S. Kumari et al. in [8] implemented a parallel selec-
tion sort algorithm in the GPU using CUDA. The algorithm divides the total dataset
into blocks that are sorted using radix sort and these blocks are then sorted using
selection sort parallelly. They were able to prove that the total time complexity of
the whole sorting operation is O(N/p + p * log N/p), where N is the total data size
and p is the number of threads in the GPU. The implemented algorithm provided
better performance than the odd—even merge sort and the sequential selection sort
algorithm. Yildiz et al. in [9] performed a comparison between serial and parallel
versions of digit-based Radix sort and bitonic sort on a CUDA GPU environment.
They ran it on an integer dataset of sizes up to 2”24 data elements. They noted that
for datasets of sizes greater than 2°20 the runtimes of the two algorithms diverged
with parallel bitonic sort taking up the lesser time of the two.

Valerievichetal. in [10] implemented parallel quick and shell sorts in CUDA. They
found that the shell sort performed better than quicksort on the GPU, which may be
attributed to the higher communication needs of the latter. They further demonstrated
that while the increase in the number of blocks and threads decreases the execution
time initially when increased further above, the execution time increases due to the
increase in the communication overheads and noted that this may be reduced using
the disparallelization approach.

Further hybrid approaches were devised by Chandrashekhar et al. in [11] wherein
they devised a hybrid strategy of using sequential, MPI, and CUDA-based GPU-CPU
and hybrid clusters consisting of both MPI and CUDA GPUs for faster parallel sort
algorithms. They tested the architectures for Merge, Heap, and Quicksort algorithms.
They explored multiple combinations of clusters namely sequential only, MPI only,
GPU only, and MPI + CUDA. They demonstrated that Merge sort in MPI 4+ CUDA
hybrid configuration gave the best speedup.

Apart from the above, there have been many sorting algorithms that are paral-
lelized. In [12-15], a few sorting algorithms namely Tim sort, Super sort, Cut sort,
and Matrix sort algorithms are parallelized using GPU. The researchers have been
able to reduce sorting time when compared to sequential execution time.

3 Methodology

The study done in [4] discusses the serial implementation of the FastBit Radix sort
algorithm. To parallelize this algorithm, a mixed strategy is used in which the sub-lists
are sorted by a sequential sorting algorithm and the merging of the sub-lists is done
in parallel between the processes/threads. The general workflow that we followed
for parallelizing the existing algorithm is as follows:
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Fig. 1 The given array of
numbers is scattered among 8| 3|5 |1]4(2]]T7]F6
different processes

1

Scatter
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Fig. 2 The processes sort
the elements within the 3 & ! . 2 4 6 i
chunk handled by them
Process 0 Process 1 Process 2 Process 3

Step 1: Divide the array into unsorted sub-arrays.

For this portion of the problem, we begin with a single unsorted list. This list is
scattered to all of the processes such that each process has an equal chunk of the list.
Suppose we have 4 processes and a list containing 8§ integers, the code executes as
shown in Fig. 1.

Step 2: Sort sub-lists.

We sort these sub-lists by applying a serial sorting algorithm. We use the function
Sort on each process to sort the local sub-list. After sorting, the processes have the
sorted sub-lists as shown in Fig. 2.

Step 3: Merge sub-lists.

The merging of the sub-lists to form a single sorted array is done by sending and
receiving sub-lists between processes and merging them. Each initially sorted sub-
list (with a size of 2 in our example) provides the sorted result to the corresponding
parent process in parallel. That process combines the two sub-lists to generate a list
of size 4 and then sends that result to its parent process. The individual processes
at each level work in parallel to send the resultant merged array to the parent in the
next level. Lastly, the root process merges the two sub-lists to obtain a list of size 8
that is fully sorted as shown in Fig. 3.

In this study, we have tried to show how parallelizing an existing sequential sorting
algorithm can give a better performance when considering huge data volumes. Firstly,
we have checked the time complexity for the sequential FastBit Radix sort by varying
the data sizes and then similarly checked the time complexities for the proposed
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Fig. 3 The merge operation Process 0 Process 1 Process 2 Process 3
is performed to obtain the
3 | 8 1| s 2 | a 6 | 7
final sorted array
Process 0 / Process 2 /
1|3 ]| s | s 2 | al|s |7
Process 0
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parallel algorithm using MPI and CUDA. The following section explains in detail
the approach for all three methods.

3.1 Sequential FastBit Radix Sort

The Radix sort modified to work on bit level is FastBit Radix Sort. In FastBit Radix
Sort, the data elements are scanned from Most Significant Bit (MSB) to Least Signif-
icant Bit (LSB) of their binary representation, and a specified bit position is checked
in each pass; the bit position is updated at the end of each pass. The algorithm goes
through M passes if the architecture of the machine uses M bits to represent a data
element. Each pass starts with pointers “startPointer” and “endPointer” to denote the
start and the end of the data array to be sorted. The initial bit position that is taken is
given below in Eq. 1.

Z(Totalbitsinthebinaryrepresentationofinteger71) (1)

A bitwise right shift is performed on the “bitPosition” value by one position at
each pass so that the set bit moves from MSB to LSB. In each pass, bitwise “AND”
operation is performed on the values at “startPointer” and “endPointer”. The bits,
thus, obtained are checked to be in order. If they are found to be out of order, they
are swapped and “startPointer” and “endPointer” are incremented and decremented,
respectively. These steps are repeated for each bit position. At the end of each pass,
we find that the data will be sorted in a bit specific format, i.e., there will be a partition
of 0’s and a partition of 1’s. The method is called again for each of the partitions until
the partition contains only one element. Once the “bitPosition” reaches the LSB, the
sorting is complete and the array obtained is sorted. The advantage that the FastBit
Radix sort has over the traditional Radix sort is that the runtime can be optimized by
changing the number of bits used in the bitMask depending on the number of bits
used by the data type that is being sorted.
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5 8 2 7 10 4 9
0101 | 1000 | 0010 0111 1010 | 0100 | 1001

/\.

5 4 2 7 10 8 9
0101 | 0100 | 0010 | 0111 1010 1000 1001
2 4 5 7 10 8 9
0010 0100 | 0101 | 0111 1010 | 1000 | 1001
2 4 5 7 9 8 10
0010 0100 | 0101 0111 1001 | 1000 1010
2 a4 5 7 8 9 10

0010 0100 0101 0111 1000 1001 1010

Fig. 4 FastBit radix sort example

An example run through the iterations for FastBit Radix sort is provided in Fig. 4.
for the numbers: 5, 8, 2, 7, 10, 4, 9.

3.2 Parallel FastBit Radix Sort Using MPI

MPI has several inbuilt APIs which can be used for message passing between proces-
sors within or outside a communicator. “mpi.h” is the header file that needs to be
included to be able to use the MPI library. MPI_Scatter has been used to scatter
the input array between p processors by diving the dataset into random chunks.
Each processor calls the FastBit Radix sort function in parallel, hence resulting in
p sorted chunks. The merge function is then called which merges the sorted chunks
into a single sorted array in parallel. MPI_Wtime is used to measure the overall
time of operation. Figure 5. describes the methodology implemented by the parallel
algorithm using MPI.
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Fig. 5 Workflow of the
parallel FastBit radix sort { Start )
using MPI
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3.3 Parallel FastBit Radix Sort Using MPI

CUDA toolkit has multiple inbuilt APIs that can be called by including
the “cuda_runtime.h” and “device_launch_parameters.h” libraries. Using C++/C
programming language, we can create CUDA kernel function that calls the sort
program that needs to run n times in parallel using n threads. Each thread that executes
the kernel is given a unique thread ID that is accessible within the kernel through
built-in variables. We have defined the number of threads to be a constant value based
on the input data size. The sorted arrays obtained from each of the threads have to
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Fig. 6 Workflow of the
parallel FastBit radix sort
using CUDA
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be merged into a single array. Another kernel function is called which merges the
results in parallel to finally obtain a single sorted list, and this is done in a hybrid
manner where a part of merge is completed in the GPU and the remaining levels of
merge are completed in the CPU. Figure 6 describes the methodology implemented
by the parallel algorithm using CUDA.

3.4 Setup and Analysis

The FastBit Radix Sort algorithm was implemented in C ++ and the dataset was
sorted. This was done for various different sizes of the input data and the overall
execution times were noted down. The data sizes were chosen to reflect the different
data sizes we would encounter in a real-life application.
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While running the tests in MPI, we have direct control over the number of
processes that are used for the execution. The best number of processes depends
on the combination of the individual sorting time and the communication overhead.
The number of data elements was chosen to reflect the effectiveness of the MPI
parallelization approach for both smaller-sized datasets and the larger-sized ones.
The number of processes was changed continuously to find the best execution time
thereby demonstrating the best speedup achieved using this method.

We further explored multiple strategies of achieving the complete sorted output
by testing various merging strategies. The first among them was an in-place merge
approach wherein we would be swapping the values in the same array by considering
two sorted sub-arrays as chunks to be merged. This is an inefficient method as it has
O(N™2) time complexity. The next method to be tested was to merge the output
sequentially as it arrives or in-order sequential merge approach. This is an effective
method if we have a small number of chunks to merge as the time complexity is
O(k*N) where k is the number of chunks to be merged. However, as the number of
chunks increases, the merging time increases and so does the complete execution
time. The next solution which happens to be the most efficient one is to merge the
chunks hierarchically as depicted in Fig. 7. previously. This takes O(k*logN) time
for completion where k is the number of chunks.

The CUDA program was designed to vary the number of threads depending on
the input data size. This ensured that the overheads remained at a minimum and
we get the best possible speedup for the given data size. However, this meant that
we could only change the input data sizes to check the speedup. In this regard, the
execution times were noted by varying the input data size. Initially, the merging was
performed in the GPU alone. Though this gave us the sorted output, the time taken
for merging the larger chunks was a significant component of the total execution

Overall Runtime in Seconds using MPI

1.6
1.4
1.2

0.8
0.6
0.4
0.2

Overall Time in Seconds

1 2 5 9 10 15 20 30 50 100

Number of Processes

- Time in Seconds

Fig. 7 MPI runtime versus processes for 2,020,456 data elements
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time. This prompted us to search for a hybrid approach for merging where we would
merge the chunks in the GPU up to a threshold size and the remaining merging was
done in the CPU hierarchically. We found the execution time was minimum when the
GPU merging was limited to 4096 data elements in individual arrays. The execution
times were noted down for the corresponding data sizes.

The metric used for comparing the algorithms and approaches is speedup. This is
given in Eq. 2 below. It is the ratio of best serial time and parallel execution time.

2(T0ralbitSinz‘hebinaryrepresem‘atiunofintegerf1) (2)

3.5 Results

The implementations were tested on a machine with Windows 10 OS and Visual
Studio 2010 on an x 64-based Intel i5-10210U CPU and Nvidia MX330. They were
written using MPI and CUDA in C and the timing in seconds was noted down. The
execution was on a standard dataset [T10I14D100K(.gz)] [16] containing 1,010,228
data elements, and for the 2,020,456-sized datasets, the same dataset was repeated
again to create the larger dataset, and the overall runtime was noted. The dataset
contained elements from 0 to 999 and contains repeated, reverse sorted, nearly sorted,
and reverse sorted with repeated data elements.

In MPI, for given data size, as we increase the number of processes, the chunk
size reduces, and hence, the runtime reduces. However, as we increase it further, the
communication overhead dominates and leads to runtime saturation. This leads us
to choose the number of processes based on the data size to get the least runtime
possible.

To get the best runtime for the algorithm, we continuously vary the number of
processes starting from 1 up to runtime saturation, and the minimum runtime is
considered. Figure 7. compares the runtime changes with the number of processes
for 2,020,456-sized input data. The runtime is observed to be minimum when 15
processes are used.

In CUDA, the creation of threads is cheaper both in terms of space and time
when compared with MPI. This makes it easier to increase the number of threads
and thereby increase the parallelism while handling larger datasets. The number of
threads it generates is the same as the input data size. Hence, we test the runtimes
for various input data sizes. Figure 8 shows the CUDA runtime comparison with the
serial execution runtime.

The time taken for the sorting operations on the dataset, of size 2,020,456, was
recorded for the sequential and the parallel algorithms. Table 1. shows the results of
the time taken by each of the algorithms for different data sizes (1 k, 10 k, 100 k,
1 M, 2020456[2 M]).
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Serial vs CUDA
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Fig. 8 Comparison of CUDA runtime and serial runtime

Tab}e 1 . Comparison of the Serial CUDA MPI
sorting times
Data Size Time in Seconds
1000 0.009 0.000412 0.000598
10,000 0.015 0.001780 0.002139
100,000 0.076 0.008755 0.017629
1,000,000 0.509 0.63355 0.181912
2,020,456 1.027 0.114850 0.364129

From Table 1, we can conclude that the time required to sort the data has been
reduced significantly by using MPI and CUDA. From Fig. 9, we can observe that the
parallel sort implemented in CUDA is the fastest among the tested algorithms. MPI
has also given better performance as compared to the sequential sorting algorithm,
especially for the larger dataset sizes.

Speedup is calculated as the ratio of the time taken for sequential execution to the
time taken for parallel execution. Higher the Speedup, the better the improvement
in the processing time. Table 2. shows the speedups achieved by parallelizing the
FastBit Radix sort algorithm using MPI and CUDA.
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Comparison of overall times for sorting
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Fig. 9 Comparison of runtimes using serial, MPI, and CUDA

Table 2 SpeedUps achieved

using MPI and CUDA Speedup
MPI 2.820
CUDA 8.942

4 Conclusion and Future scope

We proposed an approach to parallelize the FastBit Radix Sort Algorithm. It resulted
in taking less time for the sorting operation than its sequential counterpart for the
same dataset. It provided a speedup of 9 x in the execution time of the sorting as
shown in Table 2.

The algorithm may be further improved by reducing the communication over-
heads. Multithreading applications such as OpenMP could be used to improve the
performance in CPU actions.
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Performance Improvement of S-shaped m
for Wireless Communication i

S. Kannadhasan and R. Nagarajan

Abstract High-speed WLAN IEEE 802.11a standard and other wireless commu-
nication systems, a wideband S-shaped microstrip patch antenna covering the
frequency range of 2 GHz-3 GHz has been created. The length has changed to
tune the frequency of the second resonant mode without affecting the frequency of
the main resonant mode. To understand the impact of different dimensions factors
and to enhance the antenna’s performance, a comprehensive parametric research
was conducted. To achieve a compact radiating structure that matches the rigorous
bandwidth criterion, a low dielectric constant substrate is used. The measurement
findings match the HFSS simulation findings almost perfectly. There are many stages
in communication systems. Microwave and wireless communication technologies are
at their height right now. Small antenna size, low weight, and a basic 2D construction
are essential requirements for microwave and wireless applications.

Keywords S-shaped -+ VSWR - Return loss - Communication system and
applications

1 Introduction

With the aid of a Microstrip antenna, all of these requirements may be met. This
antenna also has several drawbacks, such as limited gain, restricted bandwidth, and
poor polarization. To solve these issues, numerous ways are utilized, such as adjusting
the substrate thickness, changing the substrate material, altering the patch form, and
so on. For long-distance communication, an antenna with great directional character-
istics (high gain) is desired in many applications. As a result, a novel multielement
antenna called an array antenna is incorporated. The S-shaped array arrangement
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shown in this research improves both gain and bandwidth. There are many stages in
communication systems. Microwave and wireless communication technologies are
at their height right now. Small antenna size, low weight, and a basic 2D construction
are essential requirements for microwave and wireless applications. With the aid of
a Microstrip antenna, all of these requirements may be met. This antenna also has
several drawbacks, such as limited gain, restricted bandwidth, and poor polarization
[1-5].

To solve these issues, numerous ways are utilized, such as adjusting the substrate
thickness, changing the substrate material, altering the patch form, and so on. For
long-distance communication, an antenna with great directional characteristics (high
gain) is desired in many applications. As aresult, a novel multielement antenna called
an array antenna is incorporated. The S-shaped array arrangement shown in this
research improves both gain and bandwidth. Four S-shapes were added at the end.
Each of the four S-shapes is of the same size. Coaxial probe feed is utilized to feed
this array design. Using this methodology, we have offered several feed locations,
and the spot where we receive the best results is eventually fed with coaxial probe
feed. Then, using IE3D software, this design is simulated to get different curves such
as the return loss curve, VSWR curve, and so on [6-10].

In many high-performance wireless communication systems, microstrip patch
antennas are employed for a variety of purposes. They have various disadvantages,
including poor efficiency, poor bandwidth, limited gain, and the ability to only
operate at microwave frequencies. Tunings are complicated due to the aforemen-
tioned considerations. As a result, various slots are established in order to enhance
them. Patch antennas are available in a variety of forms, including E, H, V, U, L, and
others, making them appropriate for high-frequency applications [11-15].

2 S-shaped Antenna Geometry

With the increasing use of WN (Wireless Networks) technologies in recent years,
demand for small, low-profile, and broadband antennas has increased significantly.
The microstrip patch antenna has been recommended for these criteria because of its
light profile, low weight, and inexpensive cost. By design, the microstrip antenna has
alow gain and limited bandwidth. The constraints of restricted impedance bandwidth
and low gain have been addressed in a variety of methods, as illustrated in Fig. 1.
Because they provide many advantages over the conventional wire and metallic
antennas, microstrip antennas have been used in a variety of applications including
direct broadcast satellite (DBS) systems, mobile technologies, GPS, and various radar
systems. Mobile and satellite communication application: Mobile communication
requires small, low-cost, and low-profile antennas. These requirements are met by
microstrip patch antennas, and many types of microstrip antennas have been created
for use in mobile communication systems.

Satellite communication relies heavily on circularly polarized radiation patterns.
Global positioning systems make use of microstrip patch antennas with sintered
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Fig. 1 S-shaped antenna 4 Y
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substrates with high permittivity. The general population uses millions of GPS
devices to accurately identify ground vehicles and aircraft. WiMax refers to the
IEEE 802.16 standard. It has a theoretical range of 30 miles and a data throughput of
70 Mbps. MPA produces three resonant modes at 1.7, 2.3, and 2.83 GHz, allowing
it to be utilized in WiMax-compliant communication devices.

A simple GPS repeater is made up of an exterior antenna, a narrow bandpass filter,
a low-noise amplifier, and a reradiating interior antenna. The GPS signal is picked
up by the outside antenna from the satellite. To collect more satellites, this antenna
should have a broad beam and be circularly polarized. A helical antenna and a tiny
strip circularly polarized patch antenna are both feasible choices for this purpose.
The GPS received by the antenna is passed via a narrow band ceramic bandpass filter.
The filtered signal is then routed via a multi-stage low-noise amplifier. The signal
is retransmitted within the building, and the amplifier gives the necessary gain. The
GPS signal is sent within buildings using an indoor reradiating antenna. A broad
beam and circularly polarized antenna are necessary since the GPS receiver may
be positioned anywhere within the structure. A microstrip patch antenna is a good
option.

3 Results and Discussion

Microstrip patch antennas are becoming increasingly important. This is due to their
versatility in terms of possible geometries, allowing them to be utilized in a wide
range of situations. Two more of its various benefits are its low weight structure
and compatibility with microwave integrated circuits. Furthermore, because of the
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simplicity of the construction, these antennas are appropriate for low-cost produc-
tion. This is also a major property of microstrip patch antennas, which are often
employed in mobile communications. As a consequence, in practical applications,
size reduction and bandwidth expansion are becoming important design challenges
for microstrip antennas. The aim of this research is to create a FR4 dielectric substrate
with a thickness of 1.5 mm for a high bandwidth microstrip patch antenna, compare
it to prior patch antennas, and then recommend the best one.

The S-shaped slotted patch antenna was created in this research project. The
bandwidth attained here is 38 percent of the center frequency, which is much more
than the parasitic patch antenna. Due to its appealing properties like cheap cost, light
weight, small profile, and conformability, Microstrip Patch Antennas (MPAs) are
particularly tempting candidates for usage in a variety of applications. A 3D field
solver is used to simulate the performance of the antenna by inputting the dimensions
of the actual structure. The antenna is fed via a coaxial probe feeding method as shown
in Fig. 2.

The movement of information from one place to another is a wide definition of
communication. When information must be sent over a long distance, a communica-
tion system is generally necessary. Information is typically transmitted in a commu-
nication system by superimposing or modulating it onto an electromagnetic wave
that acts as the signal’s carrier. The modulated carrier is then received at the desired
destination, and the original information signal may be retrieved using demodulation.
Over time, advanced approaches based on electromagnetic carrier waves operating
at radio, microwave, and millimeter wave frequencies have been developed for this
process.

Antennas are the most critical components necessary to form a communica-
tion connection in today’s contemporary communication sector. Microstrip patch
antenna topologies have been the most popular method of realizing millimeter wave

Fig. 2 Simulation structure of S-shaped antenna
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monolithic integrated circuits for microwave, radar, and communication applications
throughout the years. Designs become very versatile in terms of operating frequency,
polarization, pattern, and impedance after the patch’s shape and operating mode
have been determined. Due to its appealing properties like cheap cost, light weight,
small profile, and conformability, Microstrip Patch Antennas (MPAs) are particularly
tempting candidates for usage in a variety of applications. The major drawback of
MPA, on the other hand, is its limited bandwidth, which may be as low as 1%. These
antennas may be used with active devices and printed strip-line feed networks. It
has always been a top priority to make strenuous efforts to overcome practically all
of the restrictions of traditional microstrip patch antenna characteristics, which are
shown clearly in this study and easily comprehended.

Various settings may be seen in the simulated results. First, we looked at the
return loss curve to get the bandwidth, then we looked at the VSWR curve to see
whether the bandwidth we got was helpful or not. In the ideal frequency range, the
VSWR should be less than 2 as shown in Fig. 4. The gain, directivity, and efficiency
curves are then taken into account. The bandwidth and gain of a Microstrip patch
antenna are the most significant factors. It’s tough to increase bandwidth while also
increasing gain. The Return Loss Curve (Fig. 3) is the first curve we examine while
calculating bandwidth.

The return loss of the proposed antenna for resonating frequencies is 1.5 GHz at —
20.02 dB, 2.1 GHz at —15.02 dB, and 2.03 GHz at —26.5 dB, respectively. Because
of its low loss tangent and excellent thermal and mechanical qualities, the microstrip
radiator has gained popularity. Microstrip antenna was the term given to them at
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the time. The primary reason for microstrip antennas’ actual benefits is that they
are very easy to install on planar and nonplanar surfaces, and certain applications
were done by flying machines, rockets, and satellite communication, which prompted
researchers to look into them. For microstrip antennas, narrow bandwidth was also a
major challenge. Following the IEEE invention, this antenna has had extraordinary
growth, with all issues being published in the IEEE Transaction on Antenna and
Propagation.

A microstrip patch antenna for use in UWB applications is proposed in this article.
The antenna is made up of several layers and is called a stack antenna. Figure 4
shows the VSWR of the proposed antenna at resonating frequencies of 1.5 GHz at
1.6, 2.1 GHz at 1.8, and 2.03 GHz at 1.98. The suggested antennas operate over
a broad frequency range and meet all of the design criteria for microstrip patch
antennas. Based on the above findings, we may infer that the S-shaped microstrip
patch antenna has the best return loss for downsizing at 1.5 GHz, which has a broad
variety of applications in telemetry, GPS, mobile applications, and amateur radio.

The movement of information from one place to another is a wide definition of
communication. When information must be sent over a long distance, a commu-
nication system is generally necessary. In a communication system, information is
usually transmitted by superimposing or modulating it onto an electromagnetic wave
that acts as a carrier for the signal, as illustrated in Fig. 5.
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Fig. 5 Radiation pattern of
S-shaped antenna

4 Conclusion

Antennas are the most critical components necessary to form a communication
connection in today’s contemporary communication sector. Over time, advanced
approaches based on electromagnetic carrier waves operating at radio, microwave,
and millimeter wave frequencies have been developed for this process. Microstrip
patch antenna topologies have been the most popular method of realizing millimeter
wave monolithic integrated circuits for microwave, radar, and communication appli-
cations throughout the years. Designs become very versatile in terms of operating
frequency, polarization, pattern, and impedance after choosing the patch’s shape and
operating mode. It has always been a top priority to make strenuous efforts to over-
come practically all of the restrictions of traditional microstrip patch antenna char-
acteristics, which are shown clearly in this study and easily comprehended. In this
study, a few obvious negative and important aspects, such as wide bands employing
the slotting approach, are addressed. Despite this, practical and competent solutions
are currently outnumbered and limited in number, and they face a slew of addi-
tional issues and challenges, such as distortion of radiation patterns, gain, structural
complexity, and so on. As a result, more remote research is urgently required in this
field of study.
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Design of an Automated Stethoscope )
Using Al IoT and Signal Processing L

Anjitha S. Narayanan, P. A. Prajeesh, Archana Aniyan, and N. R. Archana

Abstract A traditional stethoscope can be used to listen to the sounds made by heart,
lungs or intestines as well as blood flow in arteries and veins. Nowadays people are
facing more issues regarding their health and sometimes there will be a lack of
availability of efficient doctors and also proper attention. In order to overcome these
difficulties, an automatic diagnosis using a stethoscope can be made. So, the sounds
are converted from analog to digital and compared with the digital data. The system
consists of a microcontroller in which different outputs of the stethoscope (sound
pattern) are stored and then run an algorithm using these patterns. This system can
also be used to transmit the data from one place to another, irrespective of the location
where the doctor or the patient is.

Keywords Stethoscope * Analog to digital - Microcontroller

1 Introduction

Many people face health-related issues and sometimes they can’t reach the doctors in
times of need. Also, there would be a lack of availability of doctors during emergen-
cies. In order to overcome this, an automatic diagnosis system by using a traditional
stethoscope can be made, i.e., a smart stethoscope. It can be used by doctors or health
professionals through which consultation can be done irrespective of their location.
The technology used here includes Al, IoT, and Signal processing.

A stethoscope can predict abnormalities inside the human body just by sensing
the sound without the help of a doctor. A smart stethoscope can be used by nurses
or health workers or the patient himself and it remotely connects with doctors (In
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case of any problem). All signals can be transferred to doctors in real time. Based
on the instructions given by the doctor, nurses are able to capture the sound signals
and amplify them. Noise-free signals are sent to the doctors automatically and they
can do the check-up.

2 Existing System

A. Normal Stethoscope

e Used in listening to sounds produced within the body, chiefly in the heart or
lungs.

e Price is very high (starts from 15,000/-).

e Recording of sounds are not possible.

&

Electronic Stethoscope

e An electronic stethoscope overcomes the low sound levels by electronically
amplifying body sounds.
e Price is very high (starts from 20,000/-).

C. Electronic Stethoscope

e An electronic stethoscope overcomes the low sound levels by electronically
amplifying body sounds.

Fig.1 Normal stethoscope o ‘__\‘ : Esrsps

e Al tube
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Fig. 2 Electronic > .

stethoscope f

e Price is very high (starts from 20,000/-).
e Recordings of sounds are possible here.

3 Proposed System

This is a stethoscope that can be used by any health professionals or doctors, working
remotely. The doctors provide instructions to the nurses, and based on that, the sound
signals are captured from the patients. These signals are amplified and the noise-free
signals are sent to doctor automatically in real time. Hence, the diagnosis can be
done.

Al is used to predict the condition of the patients for easier diagnosis. This device
can also be connected to the Internet via [oT. Data can be stored in the cloud for later
references. Apart from real-time monitoring, the doctors can log into their profiles and
data access can be done anytime. Al is provided in the system to give alerts, in cases
of emergency, to the health professionals so that the doctors can reach the patients
quickly. Hence, the patients can be quickly shifted to emergency care. Doctors can
listen to the signals by using their normal headphones by connecting to the admin
interface either through smartphones or PC. Audio signals also show a graphical
representation for detailed analysis. All the existing systems of stethoscopes are not
affordable for ordinary people. So this will be a cost-effective product compared to
the existing one. An automatic diagnosis by using a stethoscope is done in which the
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body of the stethoscope is made up of silicon tubes. The diaphragm is made up of
light-weighted plastic.

4 Design and Implementation

A. Block Diagram

™
\ / /%1 MICROPHONE
ADC
CAPACITOR | | BAND PASS AUDIO
FILTER FILTER AMPLIFIER MICRO
CONTROLLER
REQUIRED
AUDIO RANGE QUTPUT
(20Hz-1300Hz) IS (TOTHE
ONLY PASSED APP}

The block diagram shows the working of the smart stethoscope. A micro-
phone is connected to the diaphragm of the stethoscope in order to record
the body sounds that we hear when we place a stethoscope in our body. The
recorded sounds are then amplified by using an amplifier and then the wanted
sounds are only taken out by the process of noise cancelling. The body sound
that we want to analyse is then saved as an audio file. Through pattern recog-
nition and a categorized database, we can obtain the output. From the output,
we can analyse the abnormalities (if any) in the pulse rate, variations in blood
level, etc. In case of emergencies, the audio file can be sent to the doctor imme-
diately, and also, the doctor can view it from the app (provided) anytime from
any place.

Steps

Step 1: It can be used by nurses or health workers and it remotely connects with
doctors. All signals will be transferred to doctors in real time.

Step 2: Uses Al to predict the conditions of patients for easier diagnosis. The device
can also be connected to the

Step 3: Apart from real-time monitoring, Doctors can log into their profiles and
access the data anytime.
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5 Result

A. Mobile App Development

We’ve created the app named “stethlot”. At first, we have to log in/signup.
After that, log in to the app and enter personal details like name, age, gender,
e-mail id, etc.

And there will be tutorials about where to place the stethoscope. And after
that, we are giving an audio input or will be taking a real input from the
stethoscope itself.

And Based on the input we give, the result is shown normal/abnormal, i.e.,
shown in the figure below. If the condition is abnormal, they can further contact
the doctor and take the advice.

6 Conclusion

This product can be used by nurses or health workers and it remotely connects
with doctors. Moreover, it is a useful product for the people. All signals will be
transferred to doctors in real time. With the help of Al the condition of the patient
can be understood.

The device is connected to the Internet by using IoT. Data can be stored in the
cloud for later reference. Remotely diagnosing a patient with more observations and
measurements increases the chance of more doctors and health officials reaching in
for the product.

The never-ending demand for doctors especially during such times of peril puts
this product in the prime spot for marketing.
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Fig. 3 App logo
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Fig. 4 Uploading a file

Uploading File
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Fig. 5 Result showing R
normal condition
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Early Prediction of Cardiovascular )
Disease Using Machine Learning L
Algorithms

Charu Khandelwal, Simran Agarwal, Jyotsna, Deepti Sahu,
and Sudeshna Chakraborty

Abstract Cardiovascular disease (CVD) is regarded as one of the world’s leading
causes of death. Individuals who are dealing with various risk factors such as high
blood cholesterol, obesity (overweight), hypertension, and diabetes are more suscep-
tible to CVD and thus need early detection. Advancements of technologies are
assembling terabytes of data every day from the healthcare industry to keep records.
However, this data is not mined well to anticipate the likelihood of a patient getting a
cardiopulmonary arrest. Therefore, with the assistance of disparate machine learning
and data mining techniques, it is feasible to extract useful insights and discover hidden
patterns from the datasets to get a more accurate diagnosis and decision-making. The
paper aims to review different research papers with comparative results that have been
done on the prognostication of CVD to get an integrated, synthesized overview of
machine learning techniques, their performance measures in several datasets and to
also make vital conclusions. From the study, we observed that various techniques such
as decision trees and artificial neural network (ANN) give the highest CVD predic-
tion system accuracy in different scenarios. This procedure could possibly be useful
for cardiologists to forecast the occurrence of cardiovascular disease beforehand and
come up with proper medical treatment.

Keywords Data mining - Machine learning - Machine learning techniques -
Cardiovascular disease - Decision tree

1 Introduction

The human body consists of internal organs like the brain, heart, liver, lungs, kidney,
etc., that are very liable to diseases but among these organs, the heart is considered
as the most vital and more prone to disease. Despite leading a healthy lifestyle, the
propensity of having CVD due to plaque buildup in arteries causing narrowed blood
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vessels resulting in stroke, hypertension, chest pain, arrhythmia, and other symptoms
is frequent [1]. According to WHO, millions of people die every year due to cardiac
disease. Electrocardiogram (ECG) plays a crucial role in quickly monitoring the
heart’s health and detecting the electrical signals produced by it. Heart rates differ
widely from person to person depending upon their lifestyle. It’s considered to be
lower when at rest and higher during exercise. The standard heart rate is typically 60—
100 bps (beats per minute). Lower resting heart rate is an indication of good health
and wellness. Many doctors suggest a proper nutritious diet and regular exercise to
keep the heart healthy. Figure 1 depicts the overview of the 3 phases with the help
of ECG signals which shows that heartbeat is moderate.

A lot of factors such as cholesterol level, age, smoking habits, diabetes, genetic
mutations, and pulse rate contribute to heart disease. Identifying people at risk of
CVD is a cornerstone of preventive cardiology. With the constant boom of data in
the healthcare industry, their collection techniques are getting ameliorated on a daily
basis through the application of wearable technology and the Internet of Things (IoT).
It is impossible for a human being to amalgamate zillions of facts and data and infer
the specific patient’s malady. Nevertheless, machine learning could be applied as a
predictive mechanism to find the insights and patterns in the data [5]. The datasets
are largely collected via Kaggle and the UCI machine learning repository.

The robust strategies related to deep learning and machine learning techniques
help to foretell the people who are in the similitude of getting the cardiac disease an
accurate time, provide affordable services, and save precious lives. These algorithms
and techniques can be directly applied to a dataset using various machine learning
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frameworks to draw analytical conclusions. Even though different types of CVD
usually have a lot of different symptoms, many have identical warning signs such as
respiratory infection, irregular heartbeat, dizziness, loss of appetite, and restlessness.
It is a fatal disease which gives rise to more adversities. Table 1 summarizes the
different types of CVD.

This article structure is as follows—Sect. 2 presents the various machine learning
algorithms used, Sect. 3 of the paper gives a comprehensive literature review, Sect. 4

presents the summary, and Sect. 5 provides a conclusion.

Table 1 Different types of cardiovascular disease, its symptoms, and risk factor

Cardiovascular
diseases

Brief description

Warning symptoms

Risk factors of disease

Rheumatic heart
disease

Inflammatory disease,
heart valves are
permanently damages,
tonsils in children

Nodules, chest pain,
fever, dyspnea,
complications during
pregnancy

Untreated or
under-treated strep
infections;
over-crowding; age
group of 5-15 years
are more prone to this
disease

Coronary artery
disease
(atherosclerosis)

when the coronary
arteries become too
hard and narrow,
restricting flow of
blood to the heart

Nausea, angina, chest
pain, discomfort in the
back, jaw, shortness of
breath

Smoking, poor
nutritious diet,
laziness, diabetes,
hypertension

Peripheral vascular
disease (claudication)

Flow of blood
decreases causing
blood vessels to block
outside of the brain
and heart, hardening
of arteries

Leg, thigh, buttocks,
calf pain or cramping,
loss of hair on legs,
muscles feel numb

Diabetes, overweight,
history of stroke,
aging high blood
pressure, kidney
disease, sedentary
lifestyle, drug use,
high cholesterol

Deep vein Clots of blood in a Pain, swelling, and Long bed rest, injury
thrombophlebitis deep vein, generally | tenderness in one leg; | to veins, obesity,
(DVT) occurs in the legs warm skin around the | bowel disease,

which can dislodge areas of the clot; skin | smoking

and move to the heart | turning to a reddish

and lungs color over the affected

area

Stroke (brain attack) | Blood supply gets Weakness of face and | High blood pressure,

reduced to part of our
brain

arm, sudden headache,
unstable walking

alcohol intake in
excess amount, family
history, atrial
fibrillation, vision loss
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Fig. 2 Decision tree, tree-like structure

2 Exploratory Study of Various Machine Learning
Algorithms

2.1 Decision Trees

Decision trees are a type of construction that distributes a large number of records
into smaller groups using a set of simple decision rules. It handles both continuous
and categorical variables and they are mostly used for classification problems. In
decision trees, each tree comprises nodes and branches where every node serves as
an attribute in a group for classification, and every branch will act as a value that
the node can take. Decision trees aren’t very robust on their own but are used in
other methods that leverage their simplicity and create some very powerful machine
learning algorithms. Recently, it is reborn with new upgrades and those upgrades are
advanced methods such as gradient boosting and random forest that build on top of
decision trees. The main advantage of decision trees is that without requiring much
computation, it can provide a clear indication of which fields are more important for
prediction. Figure 2 shows the tree-like structure of a decision tree.

2.2 Support Vector Machine

Support vector machine (SVM) comprises learning models that are supervised in
nature. It’s mostly used for classification and works on the concept of margin calcu-
lation. It finds the best line (decision boundary) that helps to separate space into
classes. This line is searched through the maximum margin which is equidistant
from the points on both sides. The sum of distance of these two points from the
line has to be maximized to get the best result. This line is called maximum margin
hyperplane or classifier, and the two points are called support vectors which support
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the whole algorithm. SVM is better to be thought of as a more rebellious and risky
type of algorithm because it looks at extreme points that are very close to the decision
boundary, and uses it to construct analysis. That in itself makes the SVM algorithm
very special and different from other machine learning algorithms. Figure 3 shows
the example of SVM.

2.3 Random Forest

Random forest (random decision forest) is a technique that constructs and integrates
various decision trees to get a more stable and accurate prognosis. The random forest
works using an algorithm as discussed.

Initially, random K data points will be taken out of the train set.

The decision tree will be created using K data points.

Select the number N-tree of trees and follow the above two steps.

To select a new data point, create N-tree trees for each data point to predict the
class to which it belongs and allocate it to the class that wins the majority vote.

The random forest starts with one tree and builds it up to n-number, which is
randomly selected from the data. Though each one of these trees might not be perfect,
overall on average it can perform very well, and therefore it is a major advantage of
this algorithm. Figure 4 shows an example of a random forest.
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2.4 Naive Bayes

In statistics, Bayes’ theorem (Bayes’ law) follows the maxim of the conditional and
marginal probabilities of two sets of random outcomes from an experiment. It is a
family of algorithms which sticks to the standard theory, that each set of features
which is classified is free from each other. It is often used to calculate posterior
probabilities. Naive Bayes handles both discrete and continuous data. The Bayes
model in combination with decision rules contributes to probability independently
like hypotheses and studies without considering correlations. The probability model
of naive Bayes can be efficiently trained using supervised learning algorithms. It is
insensitive to irrelevant features and doesn’t require as much training data. Naive
Bayes can solve diagnostic problems as it aids to specify if a patient is at high risk
of certain diseases.

2.5 Artificial Neural Network

Artificial neural networks (ANN) are vaguely prompted by the biological neural
circuit. It is considered to be the most useful and powerful machine learning algo-
rithm. An input layer, a concealed layer, and a final output layer make up the three
layers. The input layer takes the input which is assessed by the hidden layer. Finally,
the output layer sends the calculated output. A multilayer perceptron (MLP), a form
of feedforward ANN, is the most common type of neural network. It uses a super-
vised learning technique called backpropagation (backward propagation of errors) for
training. ANN can find complicated patterns in data and thus improve its perfor-
mance. It has a feature where the failure of one or more cells does not prevent it from
generating results, thus making the networks fault-tolerant. It can perform more than
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Fig. 5 Naive Bayes
classifier

Naive bayes
classifier

one job at the same time, making it a widely used algorithm for solving complex
problems. Figure 5 shows the actual structure of ANN.

2.6 K Nearest Neighbor

K-Nearest Neighbor (KNN) is a kind of lazy learning or non-parametric learning
that uses a pliable number of parameters where a function is estimated locally and all
enumeration is withheld until classification. It is a smooth algorithm. To get a better
understanding of KNN, let’s walk through the steps:

e Pick the number K of neighbors. The most common default for K is 5.

e Select the K closest neighbors of the new data point using Euclidean distance.
Distances such as Manhattan distance can also be applied.

e Compute the number of data points that fall into each category.

e Assign the newly created data point to the category with the most neighbors.

KNN algorithm fares across all parameters of deliberation. It is frequently used
for its low computation time and trouble-free implementation as only the value of
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Fig. 6 Artificial neural network of multiple layers and outputs [9]

k and the distance function are required to execute. Figure 6 shows an example of
KNN.

2.7 Logistic Regression

A logistic regression model is used to perform predictive analysis (modeling) to
estimate the probability of a given output based on input variables, in contrast with
a binary classifier. It is incredibly simple to execute and very efficient to train. It
has a good baseline that one can use, to compute the performance of other advanced
or complex algorithms. It is a valuable model to be selected when different sources
of data are combined into a binary classification task. Since a linear model does
not extend to classification problems with multiple classes, logistic regression is
considered as a solution for it. Figure 7 shows the logistic function graph. The
algorithm compresses the outcome of a linear (algebraic) mathematical equation
between 0 and 1 using the logistic function.
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Fig. 7 K nearest neighbor

2.8 Gradient Boosting

Gradient boosting is considered as one of the most robust techniques for constructing
predictive models due to its high speed and accuracy. It follows a greedy approach
and produces a highly robust solution for both classification and regression problems.
It requires three elements to function—loss function, weak learner, and an additive
model. A loss function is optimized. To generate predictions, a weak learner is used,
and an additive model. In this, the additive model is used to add on the weak learner to
minimize the loss function, and finally lower the overall prediction error. It integrates
the previous one with the best possible next model. In other words, it tries to develop
anew sequential model. Gradient boosting is commonly used as it is generic enough
to use any differentiable loss function. Figure 8 depicts the working of gradient
boosting.

Fig. 8 The logistic function
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Fig. 9 Working of gradient boosting

2.9 Rough Set

Rough set theory has engaged the attention of many research workers and practitioner
workers throughout the world. Methods build on a rough set have broad applications
in many real-life projects. It can find a minimal set from data for dimension reduc-
tion in classification. They set interconnection with many other approaches such as
statistical methods and fuzzy set theory. A rough set solves the problems such as
finding the dependency between the most significant attributes, reducing the surplus
one, and describing a set of objects based on attribute values. It is widely used for
feature extraction, feature selection, decision rule generation, and also for discov-
ering hidden patterns inside the data. Thus, it is valuable to mention that a rough set
plays a crucial role in solving prediction problems. Figure 9 connotes the rough set
theory concept where the lower and upper approximation sets are known to be crisp
sets, and the same sets can also be called fuzzy sets these sets in other variations.

3 Literature Survey

In this paper, the dataset is subjected to a variety of machine learning methods
to prognosticate the likelihood of a patient getting cardiac arrest based on various
controlled and uncontrolled variables [1]. Parameters, namely age, blood pressure,
alcohol intake, gender, chest pain, fasting blood sugar, cholesterol, etc., are consid-
ered for predictions of CVD. Initially, the dataset contains some missing records
which are recognized and replaced with the most relevant values. The missing values
are calculated using the mean method. After preprocessing the data, classification
algorithms like SVM, decision tree, and ANN are applied to the dataset. Due to
the broad range of relevancy of ANN and its capability to understand advanced or
complex relationships along with modeling of non-linear processes, an ANN algo-
rithm is considered as the best performing algorithm with accuracy 85.00%. The
conclusion made during this study was that the accuracy of ANN could be more
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Fig. 10 Rough set theory
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precise if a larger dataset is used. Figure 10 indicates the accuracy across various
algorithms.

In this paper, support vector classifier, logistic regression, and decision tree are
presented to forecast CVD using machine learning paradigms with 301 sample data,
and 12 attributes [2]. The entire data is required to split into two parts, one set
for training comprises 80% of total are split into two sets and other for testing
with 20% of total data. Data visualization techniques are also applied to extract the
hidden insights from the dataset which would help doctors to analyze the pattern
effectively for further medical diagnosis. Performance assessment is carried through
these four algorithms and their accuracy is deliberated. Moreover, while analogizing
these classification algorithms, the outcome reveals that the performance of logistic
regression is better than the other three algorithms. The precision, recall, F1-score,
and support are also calculated for logistic regression. Later, a comparative study is
also performed with the UCI dataset using the same algorithms where the support
vector classifier provides better results with an accuracy of 86.1%. Figure 11 shows
the performance of the algorithm on two different datasets (Fig. 12).

The prediction of cardiac disease using machine learning techniques has been
proposed [3]. The dataset is taken from the UCI repository with 13 medical param-
eters such as blood pressure level, and electrocardiographic results as input. Python
programming is used as a tool for data analysis and machine learning paradigm.
Data preprocessing is applied to transform the unrefined data into a comprehen-
sible format. The dataset is divided into two parts, 70% for training while 30% for
testing. A scatter plot is applied to both the training and test sets to represent patients
having heart disease or not. Two classification-based machine learning techniques,
naive Bayes and decision tree, are used. Though naive Bayes can handle enormous,
tangled, non-linear dependent data, decision trees perform better with an accuracy
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B Accuracy of their collected dataset | 86.25% 83.61% 75.41% 73.77%
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Decision tree Naive bayes

Fig. 12 Algorithm accuracy on two different datasets

level of 91% as this model analyzes the dataset in the tree shape structured format
because of which each attribute is completely analyzed.

CVD prediction using machine learning techniques is discussed. A dataset of
cardiac disease has been taken from the UCI repository consisting of 14 attributes as
input. R language is used as it has the best compatibility with UNIX and Windows
and also proffers a better outcome compared to other languages. Data preprocessing
is applied to make the mining process more efficient and to avoid fault prediction.
The records are classified into a training and a testing dataset. The system also
demonstrates powerful visualization using a box plot, scatter plot, and mosaic plot
of interrelation and traits of all the attributes for the graphical representation of
data. Then, for prediction, SVM, naive Bayes, random forest, logistic regression,
and gradient boosting are used. The analogizing of classification algorithms is made
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Fig. 13 The accuracy rate of the two models

which signifies that the best performing algorithm is logistic regression. The user
interface is designed where the parameters of the patients such as type of chest
pain, height, age (in years), resting blood pressure, and cholesterol are recorded, and
based on the algorithm, the interface of the system calculates the patient’s risk of
heart disease.. Figure 13 represents the accuracy of each algorithm tested.

The detection of CVD using a new ensemble classifier is proposed [4]. On a dataset
acquired from the UCI laboratory, classification-based machine learning techniques
such as decision trees, naive Bayes, multilayer perceptron neural network with hidden
layers, and rough set are deployed. Information of 303 patients is collected having
total features as 76 where the filtering method called Pearson’s correlation coefficient
is applied to select the most discriminative features. Hence, 14 attributes such as
age, cholesterol, and fasting blood sugar are used in this dataset for prediction.
Later applied data preparation, where the missing rate of each feature is calculated.
The data is assessed using tenfold cross-validation. Performance metrics such as
sensitivity, precision, F-measure, and accuracy are calculated with the usage of a
confusion matrix. Here, F-measure combines sensitivity and precision into a single
value. naive Bayes, rough set, and neural network achieve the highest performance
on the basis of F-measure. Later, fusion strategy is applied to combine these three
best classifiers by weighted majority vote which further improves the accuracy of
the model. The statistically revelatory difference in assessing the performance of
the classifier is observed by the fusion of outputs which further enhance decision
support. F-measure achieves 86.8% outperforming other individual metrics, in the
domain of classification. Figure 14 shows the performance of the classifier.

In this research, supervised machine learning methods such as naive Bayes, deci-
sion tree, logistic regression, and random forest are used to predict the illness related
to cardiac problems [5]. The dataset of cardiac disease patients is taken from Kaggle
with 12 essential attributes such as systolic and diastolic blood pressure, chest pain,
gender, cholesterol, smoker/drinker, and age to forecast the likelihood of patients
developing heart illness. Furthermore, the dataset has been divided into two parts
with 70% and 30% of total data used for training and testing, %respectively. The
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Fig. 14 Performance study of algorithm

confusion matrix (error matrix) is exerted which shows the correlation between all
available features and with the help of it and the classification algorithm’s precision,
recall, F1-score, and accuracy are calculated. The performance-based model is esti-
mated and their results are examined. The testing results show that the decision tree
algorithm provides a superior forecast than the other algorithms, with an accuracy
rate of 73%. The author later used the technique of dimensionality reduction, where
the entities which are negatively correlated are skimmed from the dataset and then
tested. As a result, the accuracy of the random forest and KNN algorithm changed
either positively or negatively. However, precision values of the decision tree algo-
rithm, before and after the dimensionality reduction, remain the same. It gives the
highest accuracy of 73% in both the cases. Figure 15 compares the accuracy (pre-
and post-dimensionality reduction) between the algorithms (Fig. 16).

Fig. 15 Evaluation of the E nsem ble cl a ssifier

proposed ensemble
classifier’s performance
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i Sensitivity
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M Precision
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4 Comparative Analysis of Machine Learning Technique

Table 2 shows different machine learning techniques used on cardiovascular disease
predictions with accuracy.

5 Conclusion

The research examines a variety of machine learning techniques for estimating the
total number of CVDs. Machine learning takes leverage of structured and unstruc-
tured data sources and therefore plays a crucial role in the healthcare industry.
From this study, it shows that decision tree delivers better prediction by providing
91% accuracy consisting of 14 clinical parameters. ANN has also performed well
with 85% accuracy. Therefore, we conclude that different methodologies used give
different accuracies depending upon the type of dataset taken and tools used for
implementation. It is also crucial to note that each domain is non-identical thereby, it
is foremost to endeavor various data optimization techniques to escalate the accuracy
of the model.

There are numerous upgrades that could be explored in order to increase the
system’s performance. Hereby, we recommend some of the following observations
that need to be considered in future research work to get a more accurate diagnosis
of CVD by using a robust prediction system.

e Real data of patients from medical organizations can be incorporated in a large
quantity to increase the accuracy of the prediction model.
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Author and | Purpose Techniques | Accuracy/Result
year used
Esfahani Cardiovascular Accuracy F- Measure
et al. [4] disease prediction Neural 86.9% 86.1%
using a new network
ensemble classifier
SVM 75.4% 80.3%
Naive Bayes | 85.4% 84.6%
SVM (Poly | 75.4% 80.1%
Function)
Decision 74.8% 77.8%
tree
Roughset | 88.1% 85.7%
Kumar Performance-based | Logistic 87%
etal. [1] analysis of regression
machine learning | Random 81%
paradigms for forest
prediction of -
cardiovascular Naive Bayes | 84%
disease Gradient 84%
boosting
SVM 80%
Krishnan | Prediction of heart | Decision 91%
[3] disease using tree
classification-based | Naive Bayes | 87%
data mining
techniques
Chauhan Cardiopulmonary | SVM 53.85%
etal. [1] arrest prediction Decision 49.06%
based on various tree
variables using
machine learning Random 59.44%
algorithms forest
Logistic 56.31%
regression
ANN 85.00%
Islam et al. | Efficient Accuracy of Accuracy of UCI dataset
[2] forecasting of collected dataset
cardiovascular 1 ooigic | 86.25% 82.9%
disease using regression
machine learning
paradigms and Support 83.61% 86.1%
comparing the vectqr
accuracy of their | classifier
collected dataset Decision 75.41% 85%
with that of UCI tree
heart disease Naive Bayes | 73.77% 75.8%
dataset

(continued)
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Table 2 (continued)

Author and | Purpose Techniques | Accuracy/Result
year used
Princy Prognosis of Accuracy Accuracy
etal. [10] | cardiac disease (Pre-dimensional | (Post-dimensional
prediction using reduction) reduction)
supervised Naive Bayes | 60% 60%
machine learning
algorithms Random 71% 69%
forest
Decision 73% 73%
tree
SVM 2% 72%
Logistic 72% 72%
Regression
KNN 66% 70%
Akella Build a predictive | Neural 93.03%
etal. [9] model for the Network
detection of KNN 84.27%

coronary artery -
disease (CAD) Generalized | 87.64%

linear model
Decision 79.78%

tree
SVM 86.52%
Random 87.64%
forest

Chowdhury | Heart diagnostics | Decision 87.546

et al. [4] Diagnosis machine | tree

learning techniques | gistic 86%

regression
KNN 87%
Naive 84%
Bayes
SVM 91%

e There is a lag between data collection and preprocessing which needs to be
addressed.

e Consulting a highly experienced doctor in cardiology will help to prioritize the
attributes and to add more vital parameters of cardiac disease for better prediction.

e There is a need to apply more feature extraction and feature selection methods to
improve the accuracy performance of the algorithms.

e To lower the overall prediction error, more complex hybrid models should be
designed by integrating diverse machine learning and data mining techniques.
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The genetic algorithm is one of the finest and simplest random-based evolutionary
algorithms that can be used for optimization which makes the overall performance
of intelligent prediction models better.

To evaluate data in a clinical setting and for better comparison insights in the
future study, new analytical frameworks and methodologies, such as regression,
association rule, and clustering algorithm, are needed.
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A Decentralized Network to Support m
Funding with Ethereum Smart Contract oo

Sayan Mondal and Rajat Kumar Behera

Abstract The study proposes a DeFi System to provide organization-level ac-
countability for real-time crypto-asset transactions, democratizing crowdfunding and
financial support by enabling contributors to donate. Recent work in this area has
seen a lot of development in crypto assets being stored in wallets, however, currently
there are no real-world implementations of smart contracts in Finance. Cryptocur-
rencies like Bitcoin were invented to make international purchases easier and more
secure. In past years, buyers had to use third parties to make purchases because
financial institutions did not allow online international purchases. This made busi-
ness with international buyers and business owners very difficult. We capitalize on the
latest advancements of Blockchain and Ethereum leveraging the power of approval-
based transactions with smart contracts to provide transparency between the donor
and recipient. With the proposed rule-based contract management system, 50% of
contributors are able to approve the transaction request to process the same to the
targeted Fundraiser.

Keywords Smart contract - Blockchain - Contract « Crowdfunding - Solidity -
Decentralized

1 Introduction

Just like a standard paper contract automatically verifies fulfillment, enforces, and
performs the terms of a contract, a smart contract [1] is a digital version of the same.
Derivatives are used by financial markets to transfer risks from one entity to another.
With smart contracts, derivatives which is an agreement with certain terms could
be easily written. The derivative practice tends to be standardized, and the adoption
of distributed ledger [6] and smart contracts can be seen by the industry. With the
invention of Ethereum Smart Contracts, the scope of transaction management became
verbose with a rule-based contract system.
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The movement of control and decision-making from a centralized body to a
dispersed network is referred to as decentralization in blockchain. Decentralized
networks provide various advantages that alleviate some of the problems that central-
ized systems have. The elimination of a middleman, such as a bank, dramatically
speeds up transactions and lowers expenses for users. Decentralized networks are also
safer, as the network’s nature protects against cyber-attacks by dispersing data among
its users rather than holding it in a single spot. A decentralized network’s fundamental
goal is to eliminate the necessity for a central decision-making authority.

As crowdfunding platforms gain popularity, the number of frauds and scams
increase by the day, making potential donors and contributors skeptical and even
driving them away. With no unbiased middleman to keep organizers accountable,
the funds they raise can easily be spent incorrectly. Another flaw in the existing
system of raising money is that these platforms keep up to 5% of the crowdfunded
money as profit for themselves and deduct another 5% in transaction fees. Lastly,
any centralized service allows free will. As we have seen, large tech companies have
been notorious for stepping in and censoring/removing content.

In this research, we present an approach to mitigate the aforementioned risk in
potential transactions between the crowdfunding contributors and the receivers by
proposing a smart contract-based DeFi system which requires the approval of at
least 50% of the contributors for a particular fundraiser when a spending request
has been created to transfer the amount to the receiver along with the receiver’s
crypto address to promote transparency. Our approach consists of classifying and
determining the different user addresses and creating a fund manager to initiate
the fundraiser where contributors can contribute. These campaign details would be
converted into Application Binary Interfaces (ABI) to be read by the Solidity compiler
and parsed to make a custom smart contract solution.

The proposed system would be able to allow any user to view details of the
funding request which will encourage transparency between the contributors and the
organizations. This system would not only make security a key consideration with the
help of blockchain’s encryption but also add layers of storage to keep the campaign
data as well as transaction history secure. With the rule-based contract system of
Ethereum, our users will be well assured that their money is safe.

2 Literature Survey

The ideation to shift financial transaction to a decentralized network has been going
for over a decade, however, there weren’t a very prominent implementation of such
an idea before [2]; all transactions travel through banks, financial institutions, and
payment gateways under the present money system, which sign off on them and give
them legitimacy [7]. Records and transaction data are stored in centers or servers
at these centralized places. As a result, a centralized network exists in which all
transactions must be confirmed by a financial authority [7].
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The main problem with this form of network is that it permits the authorities,
in this case banks, to charge fees for monitoring transactions. Second, transaction
speeds are constrained by the institution performing the transaction verification. If
the bank you’re using is closed on weekends, any transfer you make on Friday may
not be completed or cleared until Monday. Finally, storing all of your data in one
location is inherently unsafe as a target for hackers, thus decentralization is the best
option.

A few research studies like (i) ‘An Exploratory Study of Smart Contracts in
the Ethereum Blockchain Platform’ [1] and (ii) ‘Validation and Verification of
Smart Contracts: A Research Agenda’ [2] provide a detailed discussion of Smart
Contracts and its workings along with exploring the issues and distributed ledgers
for Blockchain. According to the research thus far, smart contracts could express the
contractual parties’ common understandings and intents by encoding legal contracts
written in natural language. A major disadvantage that smart contracts faced was the
lack of validation and verification which might result in limiting the scope and space
of these systems.

Research papers such as (iii) ‘Some Simple Economics of Crowdfunding’ [5]
are available, highlight the extent to which economic theory, including transaction
costs, reputation, and market design, can explain the emergence of nonequity crowd-
funding, and provide a framework for speculating on how equity-based crowdfunding
can play out, followed by crowdfunding. (iv) ‘A virtual cathedral and a virtual bazaar’
[6] covers economic analysis, in which they look at the possible benefits and hazards
of firmbased and social production models, as well as the conditions that determine
whether open or closed innovation models are better.

3 Methodology

The proposed paradigm is based on Ethereum Smart Contracts, and the methodology
is detailed below.

3.1 Ethereum Smart Contract

We developed the proposed payment and voting services using Ethereum Smart
Contracts. The immutable nature of Smart Contracts combined with the crypto-
graphic difficulty in mining blockchains and in general, it ensures that fraudulence
is near impossible. The proposed voting service allows contributors to have a say in
what the organization spends its money on. Campaign creators are not able to use
the funds raised for their organization unless it is approved by more than 50% of
contributors. This brings democracy and transparency to the table.
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The decentralized nature of blockchain technology is a trend that is revolutionizing
the Web. Without a centralized server in our backend services, users can ensure that
our proposed solution can never tamper with existing data.

3.2 Recent Contributions

Few similar ideas which recently shed light on the area of smart contracts in crowd-
funding can be (i) ‘Smart Contract and Blockchain for Crowdfunding platform’ [8],
(ii) ‘Secure and Decentralized Crowdfunding Mechanism Based on Blockchain Tech-
nology’ [9], and (iii) ‘Crowdfunding Smart Contract: Security And Challenges’ [10];
our proposed work minimizes the complexities of the smart contract by removing
private key encryption and the need to support a platform to host the contract.

The aforementioned papers have included private key RSA Encryption, Integrity
Cost, and Computational Cost and mentioned anonymity transactions as a challenge
in their approach. Our proposed solution completely removes the computational
and integrity costs, further improving upon the RSA encryption by leveraging a
request-based approval schema for security. Since our proposed solution is not a
Decentralized platform, it also mitigates the need for anonymous transactions since
every individual user would consist of a wallet ID at all times.

3.3 Implementation Intuition

In the proposed work, we leveraged the power of Solidity to build a two-step pipeline,
the first being the Factory Contract which stores all the campaigns that have been
created and the second one being the metadata and sub-functions of each campaign.
To achieve a real-time transaction, we used the solc compiler with a version above
0.4.16 to create the two smart contracts.

This network can either be deployed on a test network or executed locally with
test wallets, making it more robust for both the users and developers. The individual
sub-functions have error boundaries wrapped around them to always return a debug
log instead of a failed transaction. Since this is just a decentralized contract, it can be
used with any crypto wallet provider as well as web providers like web three, react
run-time, etc. to create/integrate this service as a part of any business application.
Finally, we also test the end-to-end behavior of the contract using Mocha, a testing
framework.
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Campaign Creator DeFi System Backend

[No]
Adequate Donafion Received?

[Yes]

Send Transaction Request

50% contributors approved the
request

Fig. 1 End-to-end activity diagram of campaign manager donating to recipient

3.4 Campaign Topology

This network we designed encapsulates the two fundamental concepts of the fund
manager creating the campaign as well as the general user acting as contributors
toward that fundraiser (Fig. 1).

3.5 Configuration

We have created a 2-layered contract/campaign implementation in Solidity, to
increase the contract’s performance; we’ve made the contract compatible with
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Solidity pragma version 0.9.0. The model we created is a sequential model, which
first registers the Solidity campaign in its campaign factory to establish a baseline
that other account holders use to contribute to. The environment was initialized
with a 3,000,000 gas limit and 0.8.1 Solidity compiler. The default Ethereum virtual
machine version has been used to support Ethereum seamlessly. The contract is
self-destructed after the test server or wallet of the particular user closes to ensure
maximum security.

3.6 Campaign Contract Algorithm

The system was divided into three major tasks, namely creating a spending request,
approving the request, and finalizing the request. We used a mutable request array
that stored the metadata of the campaign transfer which is accessible to all the users
for transparency. Here is how the three main algorithms look like behind the hood:

Input: o : wallet address, Owner(x): the account address
of the Campaign Owner, Receiver(«): the account address

of the receiver, B: the unsigned integer value to be
transferred, u: Information about the transaction, &:
Transaction Request, V: Approvals on §

Output: Theamountp successfully transferred
from Owner(x) to Receiver(«)

function createSpendingRequest:
Push u into Array of § []
Add uto §

function approveSpendingRequest:
if U € User and C € Contributor, Approving(U) is already a
C && hasn’t approved &
vV + 1
function finalizeSpendingRequest:
if Total(V)> % of the unique contributors then

Owner (X) -> Receilver (&)
transaction state = complete
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Test ID | Test case Test condition Expected Outcome
TO1 Create and deploy a Should create and | Test should assert | Assertion
factory and campaign | deploy a factory | the address of the | Successful
and a campaign on | two and return true
the current
provider
TO02 Marks caller of Campaign creator | Account 0 should | Assertion
createCampaign as the | account should be | be the campaign | successful
campaign manager the campaign manager
manager
TO3 Allow people to Other account Campaign Money was
contribute money and | holders should be | manager’s account | transferred
mark them as able to contribute | should have ethers | successfully and
approvers and flagged as and the sender isContributor was
contributors should be marked | set to true
as a contributor
TO4 Allow the campaign Campaign A Spending A spending request
manager to create a manager can request should be | was successfully
spending request create a spending | created with the created
request for the metadata and the
fund with the amount
required
amount of ethers
TOS Process requests Run an entire All micro tasks End-to-End tasks

properly—end-to-end
test

pipeline form
contributing to
finalizing the
spending request

should be
successful

were successful

3.7 Test Cases and Outcomes

After testing the system and running it through certain use cases, we came up with
a few test results as such (refer to Table 1).

3.8 Result and Analysis

The proposed system shows an incremental growth when the number of contribu-
tions is compared to the amount of donation received; below is a diagram which
refers to this scenario where the total donation in Ethers increases with incremental

contributions per hour (Fig. 2).

A major analysis of our results relies on tracking the transaction outcome as
well as the transaction logs for the system; Fig. 3 implies the scenario of a successful
transfer between the sender A to the recipient B which results in an increased number
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Fig. 2 Contribution trend in Contribution Analysis
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of Ethers in the receiver’s wallet. Our analysis also relies on the end-to-end test cases
mentioned above which ensures the reliability of the system.

Based on the number of transactions, we calculate whether the Campaign manager
can go through with the fund transfer to the receiver. The below formula states the
calculation of total current approvals for the transaction to be great than half of the
total approval count of the contributors where AAi denotes the individual approval
of the contributor between the respective block number i, and T is the total number
of transactions/contributions.

n/2

T—Xn:AAi > T—ZAAi
i=1 i=1

4 Discussion

The proposed system would be beneficial to the users in terms of cutting off middle
management, thus avoiding unnecessary money wastage; it would also ensure data
secrecy and security by being a part of the decentralized network. Velocity is a crucial
factor when it comes to avoiding latency in transactions which the proposed solution
solves by removing any redundant steps and processing the transfer within mere
seconds.
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Transaction Tracking
Sender A Receiver B

Balance: 120 wei

Initiates spending\
request of 110 \veL/

Feedback Loop

Transaction on
Approvals from Hold

-4
‘ Process the
Contributors

transaction

Wallet credited

Balance: 110 wei

Fig. 3 Transaction tracking scheme

This system would encourage transparency by allowing approval-based voting
services for the contributor donations making the organization and recipient trans-
action history open for everyone to see. This would promote a culture of safety and
trust among the users as well as the crowdfunding campaigns/organizations.
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5 Conclusion

In this study, we examined the working model of smart contracts and explored
different subjective information of Blockchain about contracts and how to create
them using different techniques. This study can be an enabler for students/researchers
to further improve and achieve wide real-time use cases. We further explained the
approach and constraints in the existing system. More work is needed to make the
real-time system stable outside of laboratory conditions, and a deeper, finer-tuned
contract might potentially improve results.

Flagging important security and centralization issues, this study acts as a solution
to solve the same using a rule-based contract approach with a concise and easy-to-use
algorithm.

6 Future Scope

We believe there are a few main areas of improvement in our real-time system that
need to be addressed in order to continue working on this project.

e We plan to extend this platform for small businesses, startups, and student projects
soon. This would be a game-changer as the existing ways to raise money have the
aforementioned flaws.

e We also plan to integrate Crypteux with platforms like Coinbase to give users a
seamless ability to buy crypto from the platform and allow new users to create
crypto wallets.
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A Convolutional Neural Network-Based )
Approach for Automatic Dog Breed oo
Classification Using Modified-Xception

Model

Ayan Mondal, Subhankar Samanta, and Vinod Jha

Abstract The social structure of urban India has been changed and most pet lovers
choose the dog over any other kind of pet. The population of adopted dogs is projected
at 31.5 million approximately by 2023. With the increase in demand, the fraud cases
of selling the right breed are rising day by day. With the demand for different dog
breeds, recognizing the correct breed in time by their physical ability, instinct, interac-
tion, and behavior, the body structure is necessary. Recent developments of artificial
intelligence have already proven its superiority over the human capability for image
classification tasks. The present work has built a Convolutional Neural Network
(CNN)-based model to construct a highly accurate dog breed image classifier. In this
paper, various state-of-the-art deep CNN models have been applied, and a modified-
Xception model has been proposed for improving the overall accuracy. For evalu-
ating the overall classification performance of our proposed methodology, the Kaggle
Dog Breed Identification dataset has been used and throughout the experiment, our
modified-Xception model has achieved 87.40%, the highest overall accuracy.

Keywords CNN - Dog breed classification * Image classification * Leaky ReL.U -
Xception

1 Introduction

Nowadays, dogs are the most common pets to be adopted at home. Security personnel
also prefer some specific dog breeds for security purposes. As per statistics of the
ASPCA [1], nearly 1.6 million dogs are adopted every year. By observation, one can
conclude that the intra-class differences in dog breeds are more than the inter-class
differences. So, identification of dog breeds becomes very difficult particularly, for
the new pet enthusiasts. Dogs are also the most genetically diverse animals on the
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earth. The current advancements of deep learning, especially Convolutional Neural
Network (CNN), have already proved its superiority over human capabilities toward
object identification. So, CNN-based dog breed identification is very much essential
to decrease the complexity of dog breed classification.

Deep Learning is a widely growing field with continuous up-gradation in various
domains like image recognition, speech recognition, object detection, data gener-
ation, etc. But still, much work needs to be done in this field to explore complex
problems. In recent times with the advent of various CNN architectures like Xcep-
tion, ResNet, DenseNet, etc. and with the help of Transfer Learning [2], improving
classification model performance has become quite easier.

This paper aims to classify different breeds of dogs with improved accuracy
compared to the existing dog breed identifiers in the literature. To develop the classi-
fier, we have used the Kaggle Dog Breed Identification dataset [3]. The goal was to
make a generalized model which would be able to predict the dog breeds irrespective
of any class and with higher accuracy. We have experimented with different state-of-
the-art deep CNN models like DenseNet201, Xception, ResNet50, VGG19, etc. We
have also made some modifications in the Xception model architecture to improve
the overall classification accuracy. In our experiment, our modified-Xception model
has obtained the highest, 87.40%, overall accuracy on this applied Kaggle Dog Breed
Identification dataset. Based on the previous works on this dataset, our classification
model accuracy is a cut above the other proposed models in the literature. Hence, the
foremost contributions of this article are as follows: (i) proposed a modified-Xception
model to identify the different dog breeds; (ii) compared the adopted method with
various pre-trained models; (iii) comparative performance analysis between similar
previous works and the proposed approach.

The rest of this article has been structured as follows: a quick overview of the
related works of dog breed recognition has been provided in Sect. 2, where our
proposed methodology has been explained in Sect. 3 in detail. The experimental
results and analysis are presented in Sect. 4 and finally, the article ends with the
conclusions and future works.

2 Literature Review

From the past decade, many researchers have earlier tried to construct a dog breed
image classifier. In most cases, they have used different CNN architectures. Mulligan
et al. [3] have used the Kaggle Dog Breed Identification dataset and experimented
with Xception followed by a Multi Linear Perceptron (MLP), but got a very low
overall accuracy of 54.80%. There is still a chance of increasing the accuracy by
applying more neurons and fine-tuning [4]. In the same context, Shi et al. [5] have
also used the same Kaggle Dog Breed Identification dataset to classify the different
dog breeds. They have applied various pre-trained CNN models, and among them,
DenseNet161 has achieved the best overall accuracy of 85.64%. Kim et al. [6] have
also used the same dataset to develop their dog breed classifier model. They have
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applied proper data augmentation and got the highest overall classification accuracy
of 83.22% using the ResNet152 model.

Sinnot et al. [7] have used the Stanford Dog dataset for identifying the different
breeds of dogs. They have also used proper data augmentation and got superior
classification model performance using the VGGNet model. Their image classifi-
cation model has achieved an overall accuracy of 85% for 50 classes but, it drops
to 63% for 120 dog breeds. In the same context, Raduly et al. [8] have also used
the Stanford Dog dataset. They have used proper data augmentation and hyperpa-
rameter tuning. They have applied the ResNelnception-ResNet-v2 model, which has
achieved a decent overall accuracy of 90.69%. But, due to its massive amount of
weight, it is computationally quite expensive.

Zou et al. [9] have contributed by developing a new dataset named Tsinghua for
dog breed classification. They have removed similar images by computing image
structural similarity (SSIM). Further, they have applied three different deep neural
networks: PMG, TBMSL-Net, and WS-DAN. Throughout their experiment, WS-
DAN has provided superior classification performance over the other models. It has
achieved around 86.04% overall accuracy for eighty classes, but this accuracy falls
to 58.14% on the Stanford dog dataset.

Liu et al. [10] have used the Columbia dataset for dog breed classification. But
they have taken traditional machine learning approaches instead of using CNN. They
have used SIFT features descriptor and SVM algorithm for their experiment and got
only 67% overall accuracy. Borwarnginn et al. [11] have also experimented on the
same Colombia dataset. They have implemented the NASNet model, which has
achieved 89.92% overall accuracy. In the same context, LaRow et al. [12] have used
the same dataset to classify the different dog breeds. As data pre-processing, they
have extracted the facial key point from the dog images and have used a 17-layer CNN
architecture for feature extraction. They have used the SVM model for classification.
But their CNN-SVM approach has achieved a very low, 52%, overall accuracy. Table
1 represents the classification performance of the various implied methodologies in
the literature for dog breed classification.

3 Methodology

This section vividly describes our proposed approach to building a CNN-based dog
breed classifier model. The main steps of our methodology are data pre-processing,
feature extraction, model training, and prediction on the new images.

3.1 Dataset Description

We have experimented on the Kaggle Dog Breed Identification dataset [3] that is
collected from Kaggle. This dataset contains 10,222 training images in 120 classes
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Table 1 Comparative analysis of the implied methodologies in literature for dog breed classifica-

tion
Author Models Overall accuracy | Used dataset
(%)
Mulligan et al. [3] | Xception 54.80 Kaggle dog breed
Identification dataset
Shi et al. [5] DenseNet161 85.64 Kaggle dog breed
Identification dataset
Kim et al. [6] ResNet152 83.22 Kaggle dog breed
Identification dataset
Sinnot et al. [7] VGGNet 63.00 Stanford dog dataset
Réaduly et al. [8] ResNelnception-ResNet-v2 | 90.69 Stanford dog dataset
Zou et al. [9] WS-DAN 58.14 Tsinghua dataset
Liu et al. [10] SIFT + SVM 67.00 Columbia dataset
Borwarnginn et al. | NASNet 89.92 Columbia dataset
[11]
LaRow et al. [12] 17 layered CNN 52.00 Columbia dataset

+ SVM

and 10,357 testing images. Each image of this dataset is in RGB format of random
sizes. Figure 1 represents the graphical plot of the class-wise data size where x-
axis and y-axis denote the dog breed name, and the number of data in a particular
class, respectively. The Scottish Deerhound dog breed contains the highest, 126, dog
images, whereas Briard and Eskimo dog breeds contain the lowest, 66, dog images.
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Fig. 1 Graphical representation of class-wise data size
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3.2 Data Pre-processing

In the Kaggle Dog Breed dataset, the available test set is not labeled, so it is trouble-
some to evaluate the classification model performance from this test set. To tackle
this problem, we have split the training set into a ratio of 80:20 for training and
testing purposes, respectively. To seize the overfitting problem, we have also used
various data augmentation techniques. We have applied a width-shift-range of 0.25,
height-shift-range of 0.25, zoom-range of 0.2, and horizontal-shift and generated
many images from each image of the training set. Moreover, we have resized all
images in 224 x 224 x3 for our experiment.

3.3 Convolutional Neural Network (CNN)

CNN is a specialized neural network for image classification. It mimics the visual
cortex of the animal brain to recognize and process images. CNNs consist of several
building blocks such as a convolutional layer, pooling layer, activation function, and
fully connected layer. Figure 2 depicts the basic architecture of a CNN model.

The convolutional layer uses convolution operation to find the features from an
image. Equation 1 mathematically expresses the convolutional operation.

X K)G,j)=Y > Kp.q)X(i—p.j—q) (1)
q

p

where K is the kernel and X denotes the inputs.

Pooling layers generally reduce the dimensions of the feature maps. Thus, the
number of trainable parameters decreases and computation time becomes lower.
Activation functions introduce non-linearity between the inputs and the outputs. In
our methodology, we have used two activation functions: Leaky ReL.U and Softmax
[13]. We have applied Leaky ReLLU and Softmax activation functions in the hidden
layers and the output layer, respectively. Leaky ReLU and Softmax functions are
mathematically expressed by Eqgs. 2 and 3, respectively.
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Fig. 2 Basic architecture of a CNN model
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where m is the input of Leaky ReLU function, a = 0.01 and z; is the ith element of
the input vector z for Softmax function.

3.4 Modified-Xception Model

In this paper, we have applied various deep CNN models like ResNet50, VGG16,
DenseNet201, and Xecption and have modified the Xception model by replacing its
top layers with one Global Average Pooling layer, three consecutive Dense layers,
50% dropout in all of them and finally, one Softmax layer. The dropout layers are
added to tackle the overfitting problem during model training. Moreover, we have
used the Leaky ReLLU activation function rather than ReLLU [13] in the hidden layers.
ReLU is the most popular activation function, but it offers zero output for the negative
inputs. As a result, it causes vanishing gradient problems [14] during model training.
On the other hand, Leaky ReLU seizes this vanishing gradient problem by offering a
small output for the negative values. As a result, the classification performance of the
CNN model increases. Figure 3 depicts the architecture of our modified-Xception
model.

3.5 Experimental Setup

To classify the different dog breeds, we have trained our modified-Xception model
along with the pre-trained models for 100 epochs. The models are compiled with the
Adam optimizer having a 0.0001 learning rate and a loss function, namely categor-
ical cross-entropy. Too many epochs often cause overfitting problems in the learning
phase of a classification model. To overcome this problem, we have used the Early
Stopping algorithm [15]. It halts the training phase whenever generalization error
does not decrease. Moreover, we have reduced the learning rate to avoid any stag-
nation in the model learning phase. Throughout the experiment, we have used the
TensorFlow framework for model training and data pre-processing; Matplotlib and
seaborn for data visualization on Google Colaboratory.
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Fig. 3 Model architecture of our modified-Xception model

4 Results and Discussions

Here, we have presented our experimental outcomes and also compared the proposed
methodology with the previous works in the Kaggle Dog Breed Identification
dataset. We have applied different deep CNN models like ResNet50, VGGI6,
DenseNet201, and Xception and proposed a modified-Xception model. Figure 4
graphically represents our experimental results.

Throughout the experiment, our proposed modified-Xception model has achieved
the highest 87.40% overall classification accuracy, whereas the original Xception
model has achieved the second highest 84.15% overall classification accuracy. To
find the overall classification accuracy, we have utilized Eq. 4.

A+C
accuracy = ————————— 4)
A+B+C+D

where A is the number of items whose true labels are positive and also classified as
positive; B is the number of items whose true labels are negative but predicted as
positive; C is the number of items whose true labels are negative and also correctly
classified as negative; D indicates the number of items whose true labels are positive
but classified as negative.
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Fig. 4 Graphical representation of the overall accuracy using deep CNN models

Figure 5 depicts the confusion matrix achieved by the proposed modified-Xception
model. To evaluate our model performance, we have presented a comparative perfor-
mance analysis of the proposed methodology with the existing approaches to classify
the dog breed images on the Kaggle Dog Breed Identification dataset in Table 2. It

]

Fig. 5 Confusion matrix achieved by the modified-Xception model
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“\H
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Table2 Comp arat{ve Author Models Overall accuracy
performance analysis between (%)

the implied methodology and

the pI'CViOUS approaches of Mulligan et al. [3] Xception 54.80

literature on Kaggle Dog Shi et al. [5] DenseNet161 85.64

Breed Identification dataset Kim et al. [6] ResNet152 3322

Proposed method | Fine-tuned Xception | 84.15
Modified-Xception 87.40

can be observed that on this dataset, our proposed model has achieved better accuracy
as compared to others.

Our methodology also provides a decent recognizing rate to recognize the new
images. To recognize a particular image, our proposed modified-Xception model
takes around 1.56 ms.

5 Conclusion

This article briefly investigates the ability of the CNN model to classify the different
dog breeds. We have also shown the usefulness of using Transfer Learning and
fine-tuning techniques for image classification tasks. Here, we have demonstrated
the importance of proper data augmentation and pre-processing to improve classi-
fication accuracy. Our proposed modified-Xception model has achieved the highest
87.40% overall accuracy on the Kaggle dog breed identification dataset. In the
future, we intend to work on a very deep Densely Connected Neural Network and
ensemble network models for further improvements. However, our work will inspire
the researchers to introduce more developments in dog breed identification.

Declaration The authors have no conflict of interest to declare those are relevant to the contents
of this article.
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Feature Extraction and Feature Sheet m
Preparation of Real-Time Fingerprints i
for Classification Application

Annapurna Mishra, Satchidananda Dehuri, and Pradeep Kumar Mallick

Abstract A fingerprint classification system groups fingerprints according to their
characteristics and therefore helps in the matching of a fingerprint against a large
database of fingerprints. Data preparation is one of the very important tasks of
research work. Unless we build a quality database, we cannot ensure quality output
from the model developed to achieve the objectives of this research. Hence, in this
chapter, we fully gave our attention to the preparation of a primary database to recog-
nize the fingerprints. Additionally, we are also using fingerprint databases which are
commonly available in the public domain for validating our models.

Keywords Database - Fingerprint + Realtime - Classification

1 Introduction

Fingerprint analysis is done on the many standard databases available online [1].
This work is focused on creating a fingerprint database extracted from the collected
real-time fingerprint images. This database is called the real-time database. The
fingerprints are collected from a group of students of Silicon Institute of Technology,
Bhubaneswar, through a fingerprint sensor from five basic classes of the Henry
system. The fingerprint images are captured via available fingerprint sensors in the
market. So a collection of 50 fingerprints sensed from five basic classes are stored,
and the database finally in terms of extracted features is created for further processing
tasks. In this work, the arch and tented arch (class 4 and class 5) are considered as one
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Fig. 1 aReal-time database of 50 fingerprints. b Real-time database images of left loop fingerprints.
¢ Real-time database images of right loop fingerprints. d Real-time database images of whorl
fingerprints. e Real-time database images of arch fingerprints. f Real-time database images of
tented arch fingerprints

class as class4 to avoid misclassification. So here the database consists of 4 classes
of fingerprints. A subset of the samples is present in Fig. 1.

In Fig. 1a—f, we can see the different classes of fingerprints given with respect to
their class value. Scrutinizing this pattern at various levels discloses various types of
characteristics that are global feature and local feature. The features are collected in
terms of feature vectors of each individual fingerprint.

2 Feature Extraction

The ‘Feature’ is the minute physical detail present in the fingerprint in the form of
ridges and furrows which define the category of fingerprint in terms of class details.
Each fingerprint is different from the other with these minute details which need to



Feature Extraction and Feature Sheet Preparation ... 73

(b) class-2 (Right loop)

o
i
——

()]

Class-2 (Right loop)

(a)

Class-3 (Whorl)

(e)

Class-4 (Arch)

®

Class-5 (Tented Arch)

I )

Fig. 1 (continued)

be extracted using different methods to identify the fingerprint [2, 3]. The process
of drawing out the hidden attributes from the 2-dimensional image is called feature
extraction.

A fingerprint can be described by using quantitative measures associated with
the pattern flow or oriented textures called features of a fingerprint [4]. Analysis
of the oriented texture is an important aspect of research in practical applications.
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Fig. 2 Feature extraction process

Farrokhina et al. [5] described the Gabor filter bank method that can be used to
describe the global representation of texture by the image decomposition method.
Daugman et al. [6] have represented the translated and scale-invariant texture repre-
sentation for human iris using the Gabor wavelet coefficient method, but it was not
considered to be an efficient one, as it is not rotation-invariant. Prabhakar et al. [7]
presented a method for fingerprint texture representation by extracting the reference
point, and the region surrounding the reference point is further divided into cells [8].
The information contained in each cell is further extracted using spatial frequency
channels and represented in an ordered fashion called features. The steps involved in
the Gabor filter bank using spatial frequency representation of features are as shown
in Fig. 2 [9]:

Image Acquisition (fingerprint capture process),

Normalization and segmentation of the pixels of the fingerprint image,
Orientation field estimation from the normalized image,

Estimation of the core point from the orientation field,

Circular division of the selected portion of the image, and

Gabor filtering of the sectors in different angular directions.

The collection of features in all angles to form the feature vector or fingercode
[10].

During feature extraction, we have followed the following steps in this research.
Here, a generic technique is proposed for representing fingerprint texture that lies
in collecting one (or more) invariant points of reference of the texture following
its orientation field [7, 11]. The core point or point of reference is divided into six
sectors. Those six sectors are again sub-divided into six subsectors in each sector
forming 36 subsectors. Each sector is then analyzed for the information present in the
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spatial frequency channels. Features are collected from the subsectors and used as the
representation of the fingerprint class [12]. Now, these representations of features
represent the local information of the tessellated sector that reflects the invariant
characteristics of the global relationships present in the local fingerprint patterns.

The following steps are used in the proposed feature extraction algorithm.

First, the core point (center point) which is also called the reference point is
defined, and taking this point as the center, the surrounding region is spatially
tessellated into sectors.

Then, convert the tessellated image in the form of component images that describes
the ridge structure, and from the component images generate the feature vector
combining the sectors.

2.1 Feature Code Generation

The steps of the feature code generation algorithm are as follows.

Select a reference point or core point for spatial tessellation (circular in our case)
around the reference point taking it as the center. It is called our region of interest
(ROI). Divide the ROI into a set of component sub-images, to preserve global ridge
and furrow structures called sectors. Calculate the standard deviation in each sector
to create the code [13, 14].

2.2 Core Point Location

The orientation field is smoothened in the local neighborhoods and defined as
O’. Initialize E, an image which contains the sine components of the smoothened
orientation field

EG, j) = sin(o’(i,j)) (1)

For every pixel in E(|, j), integrate pixel intensities into regions R1 and R2 as
shown in Fig. 4 and assign the corresponding pixels by the value of their difference.

AG,j) =) EG.)— D EG)) )
R1 R2

Now the maximum value is calculated and is defined as the core point (Fig. 3).
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Fig. 3 Detected core point
(red dot)

Fig. 4 Regions for
integrating pixel intensities

2.3 Tessellation

Tessellation is a process of dividing the circular extracted orientation field into
different equal-area sectors as shown in Fig. 5. It is mainly used to make the finger-
print features rotation-invariant [7, 15]. The equations show the formula to achieve
tessellated output.

3)

S, = {(x,y)|b(Ti+1) <r<bT;+2),6, <9 §9i+1,}

l<x<N/1l<y=<M

where
T, = idivk,
0; = (imodk)(%),

r=Vx—x)+ 0 -y 0= tan‘1<y_y”)

X—X¢
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Fig. 5 Tessellated
fingerprint image

2.4 Filtering

The Gabor filtering is done in the frequency domain, which can be represented by
the following expression:

1 2 2 ’
G, y; f,0) = exp{—z |:);—2 + %i| }cos(2nfx) 4)
x %

Figure 6 shows the output of the Gabor filter for different angle orientations. For
the pixels in sector Si, the normalized image is defined as

Mo + J WXUCDMYE Grp(x y) > M,

Ni(x,y) = &)

VAT .
My —/ —(VO)X(I()‘C,jy) M)” otherwise

where MO and V0 are desired mean and variance values, respectively [16, 17]. In this
work, we have taken MO and VO to be 100. Mi and Vi can be determined as follows:

1ni
Mi=—3 I(x, ) 6)

bk=1



78 A. Mishra et al.

(a) (b)

S o
TSm0

y-aus o o x-aas y-axis o o x-axs

Fig. 6 Output of Gabor filters of window 33 x 33 pixels a 0° b 45° ¢ 90°, and d 135°

1 ni
Vi=— 3 Ue(x, ) = M))? (7)

bk=1

where Ik(x,y) is the kth pixel in sector Si.
The normalization is done sector-wise. Normalized and filtered images are shown
in Fig. 7.

2.5 Feature Vector

Each sector S; is further sub-divided into six subsectors. So for the given six sectors,
we have thus 36 subsectors. The core point acts as one subsector and the region
outside the circular region is also considered as another subsector. So together it
forms 38 subsectors for which the component images in four angle directions (0°,
45°,90°, 135°) is calculated. The feature vector or feature code defines the standard
deviation Fjy of the collected component images for sector Si and is given as
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(b)

Fig.7 a Normalized image b Image component of 0° ¢ Image component of 45° d Image
component of 90° e Image component of 135°

Fio = \/Z (CinCr, ) — Mig)? ®)
k.

i

where ki represents the number of pixels present in Si and Mif represents the mean
pixel intensity present in Cif (X, y). Since we have considered the innermost circle as
one sector and the region lying outside the ROI as another sector, the 152-dimensional
feature vectors are created as shown in Fig. 8.

3 Statistical Analysis of the Dataset

Statistical analysis is the method of collecting, exploring, and presentation of large
data for discovering different patterns in the form of trends [6, 18]. This analysis
process is used for research and other Government as well as industrial applications
for decision-making, for example, mean defines the average value where standard
deviation defines the spread of the values. Basically, standard deviation shows the
spread of the data toward high or low values. A high value represents more spreading
and low values represent the numbers close to average. The margin of error is double
the standard deviation. Researchers have considered that the values that are bigger
than two or three times of the standard deviation are important values [3, 19]. The
statistical analysis of the fingerprints is given in Table 1.
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Fig. 8 Features of different fingerprint images

Table 1 Statistical features showing mean and variance of feature code

S.no |Feature-code |Mean (Min) |Mean (Max) | Standard Standard
Deviation (Min) | Deviation (Max)
1 0° 3.7031 9.9792 1.2113 4.8005
2 45° 1.3172 2.8791 1.4193 6.2991
3 90° 1.0578 7.9973 2.5917 5.3141
4 135° 1.2310 2.8247 1.5852 6.2816
5 Total feature | 7.99 9.9792 2.59 4.8005
vector

Table 1 shows the collected mean and standard deviation values collected from
the feature vector for different angle orientations and finally for total feature vector.

The mean and standard deviation plots are used to check the variation of mean in
different groups of data as done by the analyst. Mean plots are used with ungrouped
data to determine the change in mean value with time. From Fig. 9, we can see that
the mean plot of different angular orientations is almost the same whereas the total
feature vector combining the angles is changing continuously. Mean plots are used
along with standard deviation plots. The mean plot checks for a shift in location
whereas, the standard deviation plot checks for shifts in scale. Also, Fig. 10 reflects
the change in variance with the shift in scale value for the feature vectors.

4 Conclusion

Here, we have performed the feature extraction of real-time fingerprint images using
the Gabor filter bank method. Here, each fingerprint is divided into 6 sectors which
are again divided into six equal divisions to form 36 subsectors. These 36 subsectors
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Fig. 9 Statistical Features (mean) of different angle oriented fingerprint feature code in 9a to 9e.
a Mean of 0 degree features. b Mean of 45 degree features. ¢ Mean of 90 degree features. d Mean

of 135 degree features. e Mean of total feature vector

including the core-point as one subsector and the outside region as one subsector
form 38 subsectors and each subsector is again passed through the Gabor filter bank
for four different angles of 0, 45, 90, and 135 degrees. Each angle shows the extracted
feature in that direction and combining the four angular features the feature vector
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Fig. 10 Statistical Features (variance) of different angle oriented fingerprint feature code in 10a
to 10e. a Variance of 0 degree features. b Variance of 45 degree features. ¢ Variance of 90 degree
features. d Variance of 135 degree features. e Variance of total feature vector

or finger code is formed. This generated finger code is used for classification using
different classification algorithms.
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Performance Analysis of Machine )
Learning and Soft Computing ek
Techniques in Diagnosis of Behavioral
Disorders

Preeti Monga, Manik Sharma, and Sanjeev Kumar Sharma

Abstract Behavioral disorders are primary psychological human disorders that
represent a disturbance in an individual’s behavior, emotional and cognitive system.
These human disorders can be well diagnosed using emerging machine learning and
soft computing techniques. Here, different behavioral disorders, their symptoms, and
associated consequences have been identified and summarized. The key intention of
this work is to highlight the applications of machine learning and soft computing
techniques used in the diagnosis of these human psychiatric conditions. The use of
these methodologies in the diagnosis of behavioral disorders is limited, compared to
other human diseases (diabetes, cardio, cancer). Several machine learning and soft
computing techniques, viz., SVM, ELM, KNN, CNN, and fuzzy inference have been
used to diagnose different behavioral disorders. As per the literature, the highest accu-
racy rate achieved in the diagnosis of attention deficit hyperactivity disorder, conduct
disorder, tic disorder, and anxiety is 98.62%, 85%, 90.1%, and 97%, respectively.
However, there is still a promising opportunity to use these techniques to examine the
symptoms and history to diagnose the problem, develop tools to assist psychiatrists
in predicting psychological disorders, and support patient care.

Keywords Behavioral disorders + Machine learning (ML) - Soft computing (SC) -
Attention deficit hyperactivity disorder (ADHD) - Tic disorder + Conduct disorder
(CD) - Anxiety

1 Introduction

Mental health disorders encompass many emotional and behavioral disorders,
including dissociative disorders, disruptive disorders, anxiety, persistent develop-
mental issues, and behavioral disorders. In the last few years, behavioral disorders
have been more prevalent among children and adolescents. Behavioral disorders
(BDs) are characterized by severe disruptions in an individual’s behavioral, psycho-
logical, and intellectual systems [1]. The existence of BDs indicates a problem with
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