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Preface

SocProS, which stands for ‘Soft Computing for Problem Solving,’ is entering its
seventh edition as an established and flagship international conference. This par-
ticular annual event is a joint collaboration between a group of faculty members
from the institutes of repute like South Asian University, New Delhi; NIT Silchar;
Liverpool Hope University, UK; IIT Roorkee; and IIT Bhubaneswar.

The first in the series of SocProS started in 2011 and was held from 20th to 22nd
December on the IIT Roorkee Campus with Prof. Deep (IITR) and Prof. Nagar
(Liverpool Hope University) as the general chairs. JKLU Jaipur hosted the second
SocProS from December 28 to 30, 2012. Coinciding with the Golden Jubilee of the
IIT Roorkee’s Saharanpur Campus, the third edition of this international confer-
ence, which has by now become a brand name, took place at the Greater Noida
Extension Centre of IIT Roorkee during December 26–28, 2013. Afterward, in
2014, it has been organized at NIT Silchar, Assam, during December 27–29, 2014.
The next conference series was held at Saharanpur Campus of IIT Roorkee during
December 18–20, 2015. In the last year, Thapar University, Patiala, has hosted the
conference during December 23–24, 2016.

Like earlier SocProS conferences, the focus of SocProS 2017 is on soft com-
puting and its applications to real-life problems arising in diverse areas of medical
and health care, supply chain management, signal processing and multimedia,
industrial optimization, image processing, cryptanalysis, etc. SocProS 2017
attracted a wide spectrum of thought-provoking articles. A total of 164 high-quality
research papers have been selected for publication in the form of this two-volume
proceeding.

We hope that the papers contained in this proceeding will prove helpful toward
improving the understanding of soft computing at teaching as well as research level
and will inspire more and more researchers to work in the field of soft computing.

The editors would like to express their sincere gratitude to SocProS 2017 patron,
plenary speakers, invited speakers, reviewers, program committee members,
international advisory committee, and local organizing committee; without whose
support, the quality and standards of the conference could not be maintained. We
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express special thanks to Springer and its team for this valuable support in the
publication of this proceeding.

Over and above, we would like to express our deepest sense of gratitude to the
‘Indian Institute of Technology (IIT) Bhubaneswar’ to facilitate the hosting of this
conference. Our sincere thanks to all the sponsors of SocProS 2017.

SAU New Delhi, India Jagdish Chand Bansal
NIT Silchar, India Kedar Nath Das
LHU, Liverpool, UK Atulya Nagar
IIT Roorkee, India Kusum Deep
IIT Bhubaneswar, India Akshay Kumar Ojha
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About the Book

The proceedings of SocProS 2017 will serve as an academic bonanza for scientists
and researchers working in the field of soft computing. This book contains theo-
retical as well as practical aspects using fuzzy logic, neural networks, evolutionary
algorithms, swarm intelligence algorithms, etc., with many applications under the
umbrella of ‘soft computing.’ The book will be beneficial for young as well as
experienced researchers dealing across complex and intricate real-world problems
for which finding a solution by traditional methods is a difficult task.

The different application areas covered in the proceedings are image processing,
cryptanalysis, industrial optimization, supply chain management, newly proposed
nature-inspired algorithms, signal processing, problems related to medical and
health care, networking optimization problems, etc.

vii



Contents

Power Distribution Network Reconfiguration Using an Improved
Sine–Cosine Algorithm-Based Meta-Heuristic Search . . . . . . . . . . . . . . . 1
Usharani Raut and Sivkumar Mishra

Artificial Neural Network for Strength Prediction of Fibers’
Self-compacting Concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
L. V. Prasad Meesaraganda, Prasenjit Saha and Nilanjan Tarafder

Using Chaos in Grey Wolf Optimizer and Application to Prime
Factorization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Harshit Mehrotra and Saibal K. Pal

On the Consecutive Customer Loss Probabilities in a Finite-Buffer
Renewal Batch Input Queue with Different Batch Acceptance/
Rejection Strategies Under Non-renewal Service . . . . . . . . . . . . . . . . . . 45
A. D. Banik, Souvik Ghosh and M. L. Chaudhry

Fuzzy Enhancement for Efficient Emotion Detection from Facial
Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Payal Bhattacherjee and M. M. Ramya

Multi-objective Linear Fractional Programming Problem
with Fuzzy Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Suvasis Nayak and Akshay Kumar Ojha

Hindi Speech Synthesis Using Paralinguistic Content Expression . . . . . . 91
T. V. Prasad

An Effective Parameter Tuning for a Bi-objective Genetic Algorithm
to Solve the Sum Coloring Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Olfa Harrabi and Jouhaina Chaouachi Siala

Optimal Combined Overcurrent and Distance Relay Coordination
Using TLBO Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
Saptarshi Roy, P. Suresh Babu and N. V. Phanendra Babu

ix



CORO-LABs: Complexity Reduction of Layered Approach
in Codifying Business Solutions Using Tuxedo . . . . . . . . . . . . . . . . . . . . 137
Ankit Shrivastava, Ashish Kumar and Pradeep Kumar Tiwari

Chaotic Spider Monkey Optimization Algorithm with Enhanced
Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
Nirmala Sharma, Avinash Kaur, Harish Sharma, Ajay Sharma
and Jagdish Chand Bansal

Analysis of Liver Cancer Using Data Mining SVM Algorithm
in MATLAB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
Srinivas Vadali, G. V. S. R. Deekshitulu and J. V. R. Murthy

ACOPF-Based Transmission Network Expansion Planning Using
Grey Wolf Optimization Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
Ashish Khandelwal, Annapurna Bhargava, Ajay Sharma
and Harish Sharma

Use of Improved Gravitational Search Algorithm for 3D
Reconstruction of Space Curves Using NURBS . . . . . . . . . . . . . . . . . . . 185
Amarjeet Singh and Kusum Deep

Approaches to Question Answering Using LSTM and Memory
Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
G. Rohit, Ekta Gautam Dharamshi and Natarajan Subramanyam

Data Extraction from Traffic Videos Using Machine Learning
Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Anshul Mittal, Mridul Gupta and Indrajit Ghosh

Stability Analysis and Controller Design for Unstable Systems
Using Relay Feedback Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
D. Kishore, K. Anand Kishore and R. C. Panda

Ranking Alternatives Using QUALIFLEX Method by Computing
All Spanning Trees from Pairwise Judgements . . . . . . . . . . . . . . . . . . . 235
Debasmita Banerjee, Debashree Guha and Fateme Kouchakinejad

Association Rule Hiding Using Chemical Reaction Optimization . . . . . . 249
N. P. Gopalan and T. Satyanarayana Murthy

Inspection–Maintenance-Based Availability Optimization of Feeder
Section Using Particle Swarm Optimization . . . . . . . . . . . . . . . . . . . . . . 257
Aditya Tiwary

Formulating an Economic Order Quantity Model for Items with
Variable Rate of Deterioration and Two-Component Demand . . . . . . . . 273
Trailokyanath Singh, Chittaranjan Mallick and Rahul Kumar Singh

x Contents



Computational Study of Fluid Flow in Wavy Channels Using
Immersed Boundary Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Mithun Kanchan and Ranjith Maniyeri

A Novel Approach to Handle Forecasting Problems Based
on Moving Average Two-Factor Fuzzy Time Series . . . . . . . . . . . . . . . . 295
Abhishekh, S. K. Bharati and S. R. Singh

A Multi-objective Optimization Study of Parameters
for Low-Altitude Seat Ejections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
R. Naveen Raj and K. Shankar

Transmission Congestion Relief with Integration of Photovoltaic
Power Using Lion Optimization Algorithm . . . . . . . . . . . . . . . . . . . . . . 327
Sadhan Gope, Subhojit Dawn, Rituparna Mitra, Arup Kr. Goswami
and Prashant Kr. Tiwari

A Novel CPU Scheduling Algorithm Based
on Ant Lion Optimizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339
Shail Kumar Dinkar and Kusum Deep

Design of Near-Optimal Trajectories for the Biped Robot
Using MCIWO Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355
Ravi Kumar Mandava and Pandu R. Vundavilli

Python-Based Fuzzy Classifier for Cashew Kernels . . . . . . . . . . . . . . . . 365
Snehal Singh Tomar and V. G. Narendra

Linking Brainstem Cholinergic Input to Thalamocortical
Circuitry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
Madhuleena Dasgupta, Basabdatta Sen Bhattacharya and Atulya Nagar

Genetic Algorithm-Based Oversampling Technique to Learn
from Imbalanced Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
Puneeth Srinivas Mohan Saladi and Tirtharaj Dash

Using NSGA-II to Solve Interactive Fuzzy Multi-objective
Reliability Optimization of Complex System . . . . . . . . . . . . . . . . . . . . . 399
Hemant Kumar and Shiv Prasad Yadav

Fuzzy Time Series Forecasting Model Using Particle Swarm
Optimization and Neural Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413
Mahua Bose and Kalyani Mali

A Genetic-Based Bayesian Framework for Stateless Group Key
Management in Mobile Ad Hoc Networks . . . . . . . . . . . . . . . . . . . . . . . 425
V. S. Janani and M. S. K. Manikandan

Contents xi



GEP Algorithm for Oil Spill Detection and Differentiation from
Lookalikes in RISAT SAR Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
Ashoka Vanjare, C. S. Arvind, S. N. Omkar, Jandhyala Kishore
and Vijaya Kumar

Estimation of Interfacial Heat Transfer Coefficient for Horizontal
Directional Solidification of Sn-5 wt%Pb Alloy Using Genetic
Algorithm as Inverse Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447
P. S. Vishweshwara, N. Gnanasekaran and M. Arun

Conventional and AI Models for Operational Guidance and Control
of Sponge Iron Rotary Kilns at TATA Sponge . . . . . . . . . . . . . . . . . . . 461
Chaitanya Shah, Puneet Choudhary, Brahma Deo, Parimal Malakar,
Susil Kumar Sahoo, Gyanrajan Pothal and Partho Chattopadhyay

Reconstruction of the State Space Figure of Indian Ocean Dipole . . . . . 471
Swarnali Majumder, T. M. Balakrishnan Nair and N. Kiran Kumar

VMSSS: A Proposed Model for Cloud Forensic in Cloud
Computing Using VM Snapshot Server . . . . . . . . . . . . . . . . . . . . . . . . . 483
Shaik Sharmila and Ch. Aparna

Maximization of Social Welfare by Enhancement of Demand-Side
Bidding in a Deregulated Power Market . . . . . . . . . . . . . . . . . . . . . . . . 495
Subhojit Dawn and Sadhan Gope

An Orthogonal Symbiotic Organisms Search Algorithm
to Determine Approximate Solution of Systems of Ordinary
Differential Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
Arnapurna Panda and Sabyasachi Pani

Salp Swarm Algorithm (SSA) for Training Feed-Forward
Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 521
Divya Bairathi and Dinesh Gopalani

Optimizing Integrated Production–Inventory Model for
Time-Dependent Deteriorating Items Using Analytical
and Genetic Algorithm Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535
Poonam Mishra and Isha Talati

Modified Three-Layered Artificial Neural Network-Based Improved
Control of Multilevel Inverters for Active Filtering . . . . . . . . . . . . . . . . 547
Soumyadeep Ray, Nitin Gupta and R. A. Gupta

Probabilistic Histogram-Based Band Selection and Its Effect on
Classification of Hyperspectral Images . . . . . . . . . . . . . . . . . . . . . . . . . . 559
Ram Narayan Patro, Subhashree Subudhi, Pradyut Kumar Biswal
and Harish Kumar Sahoo

xii Contents



Enhanced Particle Swarm Optimization Technique for Interleaved
Inverter Tied Shunt Active Power Filter . . . . . . . . . . . . . . . . . . . . . . . . 571
Vijayakumar Gali, Nitin Gupta and R. A. Gupta

A New Improved Hybrid Algorithm for Multi-objective Capacitor
Allocation in Radial Distribution Networks . . . . . . . . . . . . . . . . . . . . . . 585
S. Mandal, K. K. Mandal, B. Tudu and N. Chakraborty

A Hybrid Algorithm Based on Particle Swarm and Spotted Hyena
Optimizer for Global Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 599
Gaurav Dhiman and Amandeep Kaur

PSO-Based Synthetic Minority Oversampling Technique for
Classification of Reduced Hyperspectral Image . . . . . . . . . . . . . . . . . . . 617
Subhashree Subudhi, Ram Narayan Patro and Pradyut Kumar Biswal

Hybridized Cuckoo–Bat Algorithm for Optimal Assembly
Sequence Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 627
Balamurali Gunji, B. B. V. L. Deepak, Amruta Rout,
Golak Bihari Mohanta and B. B. Biswal

A Variable e-DBSCAN Algorithm for Declustering Earthquake
Catalogs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 639
Rahul Kumar Vijay and Satyasai Jagannath Nanda

A Digital Image Processing Tool for Size and Number Density
Distribution of Precipitates in Creep-Exposed Material . . . . . . . . . . . . . 653
Minati Kumari Sahu, Chandan Dutta, Arpita Ghosh and S. Palit Sagar

On (i, j) Generalized Fuzzy c-Closed Set in Fuzzy
Bitopological Spaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 661
Birojit Das and Baby Bhattacharya

ANN Application for Medical Image Denoising . . . . . . . . . . . . . . . . . . . 675
M. Laxmi Prasanna Rani, G. Sasibhushana Rao and B. Prabhakara Rao

Unsupervised Machine Learning Algorithm for MRI Brain
Image Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 685
S. Saradha Rani, G. Sasibhushana Rao and B. Prabhakara Rao

Design of Semi-chaotic Integration-Based Particle Swarm
Optimization Algorithm and Also Solving Travelling Salesman
Problem Using It . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 695
Akanksha Samar and R. S. Sharma

Keyword-Based Journal Categorization Using Deep Learning . . . . . . . . 711
T. Revathi and T. M. Rajalaxmi

Contents xiii



Hopf Real Hypersurfaces in the Complex Quadric Qm

with Recurrent Jacobi Operator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 719
Pooja Bansal

Validation of Well-Known Population-Based Stochastic Optimization
Algorithms Using Benchmark Functions . . . . . . . . . . . . . . . . . . . . . . . . 731
Byamakesh Nayak, Srikanta Kumar Dash and Jiban Ballav Sahu

Regularized Artificial Neural Network for Financial Data . . . . . . . . . . . 745
Rajat Gupta, Shrikant Gupta, Muneendra Ojha and Krishna Pratap Singh

A Multi-scale Convolutional Neural Network Architecture for Music
Auto-Tagging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 757
Tanmaya Shekhar Dabral, Amala Sanjay Deshmukh and Aruna Malapati

Machine Learning Approaches for the Estimation of Particulate
Matter (PM2.5) Concentration Levels: A Case Study in the
Hyderabad City, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765
Latha Krishnappa and C. P. Devatha

Theoretical Estimation of the Microalgal Potential for Biofuel
Production and Carbon Dioxide Sequestration in India . . . . . . . . . . . . . 775
Bunushree Behera, Nazimdhine Aly, M. Asok Rajkumar
and P. Balasubramanian

Investigation of Comparison Approach for Optimal Location
of STATCOM Based Transient Stability Improvement Using
Computational Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 791
P. K. Dhal

Genetic Algorithm for Multi-choice Integer Linear Programming
Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 809
D. K. Mohanty, R. K. Jana and M. P. Biswal

Multi-channel, Multi-slice, and Multi-contrast Compressed Sensing
MRI Using Weighted Forest Sparsity and Joint TV Regularization
Priors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 821
Sumit Datta and Bhabesh Deka

Understanding Single Image Super-Resolution Techniques
with Generative Adversarial Networks . . . . . . . . . . . . . . . . . . . . . . . . . . 833
Amit Adate and B. K. Tripathy

Detecting Image Forgery in Single-Sensor Multispectral Images . . . . . . 841
Mridul Gupta and Puneet Goyal

Neuro-Fuzzy Analysis of Demonetization on NSE . . . . . . . . . . . . . . . . . 853
Rashmi Bhardwaj and Aashima Bangia

xiv Contents



A Hardware Architecture Based on Genetic Clustering for Color
Image Segmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 863
Rahul Ratnakumar and Satyasai Jagannath Nanda

An in-silico Approach for Enhancing the Lipid Productivity
in Microalgae by Manipulating the Fatty Acid Biosynthesis . . . . . . . . . 877
Bunushree Behera, S. Selvanayaki, R. Jayabalan and P. Balasubramanian

Application of the Relevance Vector Machine
to Drought Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 891
Alok Kumar Samantaray, Gurjeet Singh and Meenu Ramadas

Fuzzy-Based Integration of Security and Trust in Distributed
Computing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 899
P. Suresh Kumar and S. Ramachandram

Offline Handwritten Malayalam Word Recognition Using a Deep
Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 913
P. J. Jino, Kannan Balakrishnan and Ujjwal Bhattacharya

Bat Algorithm-Based Traffic Signal Optimization Problem . . . . . . . . . . 927
Sweta Srivastava and Sudip Kumar Sahana

Application of Greedy and Heuristic Algorithm-Based Optimisation
Methods Towards Aerodynamic Shape Optimisation . . . . . . . . . . . . . . . 937
Shuvayan Brahmachary, Ganesh Natarajan, Vinayak Kulkarni,
Niranjan Sahoo and Soumya Ranjan Nanda

Performance Evaluation of Runner–Root Algorithm on CEC 2013
Benchmark Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 949
A. J. Umbarkar, A. C. Adamuthe and S. M. Nale

Determination of DG Allocation for Minimizing Annual Grid Energy
Transaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 961
Gulnar Niazi, Soniya Lalwani and Mahendra Lalwani

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 973

Contents xv



About the Editors

Dr. Jagdish Chand Bansal is Assistant Professor at the South Asian University,
New Delhi, India, and Visiting Research Fellow at Liverpool Hope University,
Liverpool, UK. He has an excellent academic record and is a leading researcher in
the field of swarm intelligence, and he has published numerous research papers in
respected international and national journals.

Dr. Kedar Nath Das is Assistant Professor in the Department of Mathematics,
National Institute of Technology Silchar, Assam, India. Over the past 10 years, he
has made substantial contributions to research on ‘soft computing.’ He has pub-
lished several research papers in prominent national and international journals. His
chief area of interest is evolutionary and bio-inspired algorithms for optimization.

Prof. Atulya Nagar holds the Foundation Chair as Professor of Mathematical
Sciences and is Dean of the Faculty of Science, Liverpool Hope University, UK. He
is an internationally respected scholar working at the cutting edge of theoretical
computer science, applied mathematical analysis, operations research, and systems
engineering.

Prof. Kusum Deep is Professor in the Department of Mathematics, Indian Institute
of Technology Roorkee, India. Over the past 25 years, her research has made her a
central international figure in the area of nature-inspired optimization techniques,
genetic algorithms, and particle swarm optimization.

Dr. Akshay Kumar Ojha is Associate Professor at the School of Basic Sciences,
Indian Institute of Technology Bhubaneswar, Odisha, India. He completed his
B.Sc., M.Sc., and Ph.D. at Utkal University in 1978, 1980, and 1997, respectively.
His research interest areas are geometric programming, artificial neural networks,
genetic algorithms, particle swarm optimization, fractional programming, nonlinear
optimization, data analysis and optimization, and portfolio optimization. He has 34
years of experience and has published over 30 journal articles and 6 books.

xvii



Power Distribution Network
Reconfiguration Using an Improved
Sine–Cosine Algorithm-Based
Meta-Heuristic Search

Usharani Raut and Sivkumar Mishra

Abstract This paper proposes an improved sine–cosine algorithm for solving power
distribution network reconfiguration (PDNR) problem. The sine–cosine algorithm is
a recently proposed population-based meta-heuristic optimization algorithm which
uses the mathematical sine and cosine functions for searching the solution space.
The search procedure looks for the best solution by repeatedly making small changes
to an initial solution until no further improved solutions are found. To maintain a
balance between local and global search, four random variables (r1, r2, r3 and r4)
are integrated into this algorithm. For applying this algorithm to the PDNR problem,
some improvements are proposed in this meta-heuristic search algorithm along with
a new data structure-based load flow method to minimize power loss as the single
objective. The effectiveness of the proposed PDNRalgorithm is tested by considering
five standard test distribution systems (33, 69, 84, 119 and 136 buses).

Keywords Radial distribution networks · Network reconfiguration · Sine–cosine
algorithm

1 Introduction

The power distribution network reconfiguration (PDNR) is an old but quite relevant
power optimization problem, which is a process of changing the topology of the
power distribution network by altering the open/closed status of the switches. The
main objective of the technique is to find a radial operating structure that minimizes
the power losses of the distribution system under normal operating conditions. PDNR
belongs to a class of complex combinatorial optimization problemswhere complexity
arises from the requirement of radial network topology and nonlinear power flow

U. Raut · S. Mishra (B)
International Institute of Information Technology, Bhubaneswar, Odisha, India
e-mail: sivkumar@iiit-bh.ac.in

U. Raut
e-mail: usharani@iiit-bh.ac.in

© Springer Nature Singapore Pte Ltd. 2019
J. C. Bansal et al. (eds.), Soft Computing for Problem Solving,
Advances in Intelligent Systems and Computing 816,
https://doi.org/10.1007/978-981-13-1592-3_1

1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-1592-3_1&domain=pdf


2 U. Raut and S. Mishra

constraints. Meta-heuristic search-based techniques are the most preferred ones as
they always guarantee global minimum results.

Several meta-heuristic-based PDNR methods are available in the literature [1].
In these methods, a population rather than a single agent is considered for search-
ing the solution space. Maintaining a balance between the local search (exploitation
phase) and global search (exploration phase), these optimization algorithms con-
verge to a global optimum value without getting trapped in local optimum values.
However, these methods are slow in convergence as it stochastically moves in the
solution space and it has to check the fitness for every member of the population.
So, in a population-based meta-heuristic PDNR method, it is almost necessary to
carry out load flow for each member of the population for every generation. Simul-
taneously, the configurations are also to be checked for radiality and connectivity. In
PDNRproblem, themost popular objective is the overall active power lossminimiza-
tion (APLM), although there are other objectives when considered simultaneously
makes the optimization problemmultiobjective. Bus voltage deviation minimization
(BVDM), load balancing index minimization (LBIM), voltage profile improvement
(VPI), improvement of voltage stability index (VSI) and number of switching min-
imization (NSM) are some of the other commonly adopted objectives in PDNR.
Similarly, to improve the system reliability, the objectives can be considered as to
minimize the reliability-based indices like system average interruption frequency
index (SAIFI), system average interruption duration index (SAIDI) and energy not
supplied (ENS).

In Table 1, a survey of the recently proposed PDNRmethods using meta-heuristic
algorithms, such as genetic algorithm (GA), particle swarmoptimization (PSO), grav-
ity search algorithm (GSA), symbiotic organism search (SOS), runner root algorithm
(RRA), grey wolf algorithm (GWA), harmony search algorithm (HSA), artificial
bee colony algorithm (ABCA), flower pollination algorithm (FPA), galaxy-based
search algorithm (GbSA), artificial immune algorithm (AIA), teaching–learning-
based algorithm (TLBA), invasive weed optimization (IWO), cuckoo search algo-
rithm (CSA), plant growth simulation algorithm (PGSA), and fireworks algorithm
(FWA), is presented.

Sine–cosine algorithm (SCA) is a recently proposedmeta-heuristic algorithm [17]
and has promising features for application to PDNR problem. Several modifications
are being proposed during the last one-and-half year for improving the basic SCA.
Hafez et al. [18] successfully implemented SCA for feature selection without any
change in the original algorithm. Sahlol et al. [19] also used SCA (without any
modification) for improving the prediction accuracy of liver enzymes of fish fed
by nano-selenite by developing a neural network model based on SCA. Bureerat
and Pholdee [20] proposed an adaptive SCA by integrating differential evolution
mutation operator for updating the population to detect structural damage. In [21],
an interactive SCA is proposed to improve power system security where a micro-
SCA is introduced for enhancing the local search. Sindhu et al. [22] proposed an SCA
with elitism strategy to update new best solution for feature selection. Kumar et al.
combined SCA with Weibull and pareto distribution functions in [23] and Cauchy
and Gaussian distribution functions in [24] to enhance the global exploration ability
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Table 1 A survey of recent meta-heuristic-based PDNR methods

Author(s) (year) Meta-heuristics Objective(s) Salient features

Faria Jr. et al. (2017)
[2]

GA APLM Biased random
key-based GA

Fathy et al. (2017) [3] PSO and GSA APLM, SAIFI, SAIDI
and ENS

Hybrid
GSA-PSO-based
meta-heuristic
approach

Sedighizadeh et al.
(2017) [4]

SOS and PSO APLM, BVDM and
LBIM

Hybrid SOS-PSO with
fuzzified objective
approach

Abdelaziz (2017) [5] GA APLM GA with varying
population

Nguyen et al. (2017)
[6]

RRA APLM, BVDM,
LBIM and NSM

RRA-based fuzzy
multiobjective
approach

Muthukumar and
Jayalalitha (2017) [7]

GWO APLM and
improvement of VSI

GWO-based PDNR
with renewable
distributed generators
(DGs)

Siavash et al. (2017)
[8]

PSO, HSA and ABCA APLM and
improvement of VDI

Hybrid
HSA-ABCA-based

Namachivayam et al.
(2016) [9]

FPA Minimize cost of
energy loss, capacitors
and voltage penalty

FPA-based PDNR
with capacitor
placement

Tolabi et al. (2016)
[10]

GbSA APLM, LBIM and
VPI

GbSA-based fuzzy
multiobjective
approach

Souza et al. (2016)
[11]

AIA Minimize cost of
energy

AIA-based PDNR
with fixed and
variable demands

Lotifour et al. (2016)
[12]

TLBA APLM and VPI Discrete TLBA-based
PDNR

Rani et al. (2015) [13] IWO APLM, BVDM, NSM
and LBIM

Pareto-based
multiobjective PDNR
using IWO

Nguyen and Truong
(2015) [14]

CSA APLM and VDIM CSA-based PDNR

Rajaram et al. (2015)
[15]

PGSA APLM PGSA-based PDNR in
presence of DGs

Imran et al. (2014)
[16]

FWA APLM and VPI FWA-based PDNR
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for maximum power point tracking of a photovoltaic array. Tawhid and Savsani
[25] proposed the SCA for multiobjective optimization using elitist non-dominated
sorting method and diversity preserving crowding distance approach of NSGA-II.

In the light of above developments, the objective of this paper is to propose an
improved SCA-based PDNR. The organization of the paper is as follows: in Sect. 2,
the improved SCA (ISCA) is explained. In Sect. 3, a graph theory-based load flow
method is presented. The load flow used to implement ISCA works independent
of any particular numbering and ordering scheme of nodes and system data. This
algorithm first checks the radial nature of the given distribution network and then
the connectivity of all the nodes to substation node using the data structure-based
technique. In Sect. 4, the algorithm is implemented for several test RDNs and the
results are presented and analysed.

2 Improved Sine–Cosine Algorithm

The SCA is a population-based optimization method proposed byMirjalili [17]. The
main success of a population-basedmeta-heuristic optimization algorithm is achieved
by maintaining the balance between global search or exploration and the local search
or exploitation. This balance in turn maintains the population diversity which helps
to avoid early convergence to local optimum values. In SCA, the cyclic pattern of the
sine and cosine function is utilized to explore and exploit the search space. Compared
to other methods, SCA method has fewer control parameters and is far simpler to
implement. The search procedure for SCA is similar to other meta-heuristic methods
which includes three main steps, population initialization, population updating and
population selection. The search process of SCA starts with an initial population,
and after evaluating the objective function for each member of the population, the
best solution is found. The new population for the next generation is then updated
by using Eq. (1), and the objective function values of its members are calculated as
f (xi,i=1 to population size).

xnew,i �
⎧
⎨

⎩

xold,i + r1 sin(r2)
∣
∣r3xbest,i − xold,i

∣
∣ if r4 < 0.5

xold,i + r1 cos(r2)
∣
∣r3xbest,i − xold,i

∣
∣ otherwise

(1)

Here, xbest,i is the current best solution of ith iteration. The variables r2, r3 and r4
are random parameters in the ranges of [0, 2π], [0, 2] and [0, 1], respectively. The
variable r1 is an iterative adaption parameter (conversion parameter) as calculated
by (2), a is a constant parameter, t is the current iteration number and tmax is the
maximum number of iterations.

r1 � a

(

1 − t

tmax

)

(2)



Power Distribution Network Reconfiguration Using an Improved … 5

The current best is compared with the best solution of the newly generated pop-
ulation, and the better one is saved to the next generation. The process is repeated
until a termination criterion is met.

While applying SCA to PDNR problem, authors observed that the conversion
parameter (r1) has an important influence on the optimization performance of the
algorithm. The performance bettered with a quadratic decreasing parameter (r1) in
place of the linearly decreasing one. So, in thiswork, SCAwith a nonlinear decreasing
conversion parameter is suggested as an improvement as per Eq. (3).

r1 � a

(

1 − t

tmax

)2

(3)

In addition to this, a heuristic-based approach [26] is considered to generate
the initial population, which also enhances the convergence of the overall search.
Moreover, a robust load flow algorithm [27] is used for PDNR, which is explained
in the next section.

3 Load Flow Method for Implementing the PDNR

Several repeated load flows need to be executed while solving the PDNR problem
for a distribution system using a meta-heuristic approach [27]. Hence, a fast and
efficient load flow is very important for the successful implementation of any meta-
heuristic algorithm as it promptly checks the fitness of any valid configuration which
are the members of a population considered. The load flow must be adaptive for
the changing network topologies, and it must simultaneously ensure that the overall
network remains radial and all nodes are connected to the root node. In otherwords, an
efficient load flowmethod not only checks the fitness but can also be used to eliminate
the invalid candidates (configurations) by checking the radiality and connectivity.
In this paper, a graph theory-based load flow method is used which has all the
above features and it is successfully integrated with the ISCA for solving the PDNR
problem.

3.1 Basic Load Flow Method

The equivalent current injection (ECI) at bus i for kth iteration of a radial distribution
network (RDN) [28] can be written as Eq. (4), wherePi andQi are the constant active
and reactive power loads connected at bus i. Iki and Vk

i are the ECI and bus voltage
of ith bus and for kth iteration, respectively.

I ki �
(
Pi + j Qi

V k
i

)∗
(4)
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The relation between ECIs at all buses and bus voltage deviations from the sub-
station bus voltage for the k+1th iteration can be expressed using a distribution load
flow (DLF) matrix [29] as:

[
�V k+1

] � [DLF] · [
I k

]
(5)

The DLF matrix can be found directly using a path array proposed in the next
subsection. A diagonal element of DLF is found by adding the impedances of all the
lines stored in the path [] concerning a particular bus, and an off-diagonal element is
found by adding all the impedances of the lineswhich appear in common in the path[]
between two concerned buses. The order of the DLF matrix is (nb − 1) × (nb − 1),
where nb is the number of buses in the RDN.

3.2 Proposed Arrays

In order to find DLF matrix directly from the system data, the following arrays and
matrices are proposed. The proposed matrices are Adjm and G (the sparse version of
Adjm). An entry of the adjacent matrixAdjm(u, v)=1 if the bus ‘u’ is connected to bus
‘v’; otherwise it is zero. Similarly, the proposed arrays are path[ ] and dist [ ]. Two
pointer arrays mf [ ] and mt[ ] are also introduced to store the start and end locations
in the path array. First, the dist[ ] array is formed using Dijkstra’s algorithm [30],
and then, the path array is formed using the dist array. The dist[ ] using Dijkstra’s
shortest path is presented in Algorithm 1.

Algorithm 1

STEP 1: (Initialization)

• Assign the distance of root node ‘s’ from itself as zero and its status as
permanent (p), i.e. the state of node ‘s’ is (0, p).

• Other nodes are assigned distances of value as ∞ (a very high value)
and their status as temporary (t), i.e. the states of other nodes are (∞,
t).

• Designate the node ‘s’ as the current node.

STEP 2: (Distance values and current node update)
Let ‘u’ be the index of current node.

(1) The set V of nodes with temporary status can be reached from current
node ‘u’ by a link (u, v), where v ∈ V from the system data.

(2) For each v∈V , the distance value distv of node v is updated as follows:
distv �min{distv, distu +Adjm(u, v)}

(3) Change the status of ‘v’ to permanent, and designate this node as the
current node.
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Fig. 1 Eight-bus sample
RDN

STEP 3: (Termination)
If all the nodes are reached from the root node, then stop. Otherwise, go
to STEP 2.

STEP 4: (Output)
The dist array stores the distance values of all the nodes from the root
node.

Using the above algorithm, the contents of path and dist and the pointers mf and
mt for a sample 8-bus RDN (Fig. 1) are formed and presented in Table 1. It is to be
noted that in the sample RDN considered in Fig. 1, the nodes or buses as well as
the branches (including the open switch or tie branches) are numbered and ordered
arbitrarily. Even the root node is arbitrarily numbered as ‘4’. This arbitrariness can
also bemaintained in the data set of the system as the algorithmbased on the proposed
arrays is completely independent of any order or numbering scheme to carry out the
load flow (Table 2).

3.3 Algorithm for Checking the Radial Configuration

Checking the radiality for a given data is an important feature of this approach. This
check promptly sorts out the invalid members (non-radial topologies) from the pop-
ulation in meta-heuristic approaches before the time-consuming fitness evaluation
through load flow. The Algorithm 2 describes the radiality check of the network
followed by the pseudo-code to implement it.
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Table 2 Contents of various arrays formed for the 8-bus sample RDNs

Bus no. [i] [m] mf [i] mf [i] dist [i] path [m]

1 1 1 1 1 6

2 2, 3, 4 2 4 3 3, 9, 6

3 5, 6 5 6 2 9, 6

4 7 7 7 0 0

5 8, 9 8 9 2 10, 6

6 10, 11, 12 10 12 3 1, 10, 6

7 13, 14 13 14 2 4, 6

8 15, 16, 17 15 17 3 7, 10, 6

Algorithm 2

STEP 1 Create adjacency matrix (Adjm).
STEP 2 Create sparse matrix G of Adjm (sparse is a MATLAB command of the

data structure tool box, which stores only non zero entries).
STEP 3 Use depth first search (DFS) algorithm to find the order of bus traversal.

(DFS is a MATLAB command of the data structure tool box).
STEP 4 The path is mapped out between the predecessor node and the discovered

node.
STEP 5 If the length of the path is equal to 2, the network is radial. Otherwise loop

is present.

3.4 Algorithm for Checking the Connectivity of All Nodes
to the Root Node

Checking connectivity of all nodes to the substation bus or root node is another
important condition for PDNR which needs to be verified before fitness evaluation
for a given topology. Thus, after confirming the radiality of a given network the
connectivity of all nodes to the substation node is checked. For this, the traversed
path for the given network is found out. If the number of buses in the traversed path
is equal to the total number of buses in the network, then the graph representing the
system has all nodes connected to the substation node; otherwise, discontinuity is
there. Pseudo-code for this is given as Algorithm 3.

bus_order = graphtraverse(G, ‘s’,’Method’,’DFS’)
if

length(bus_order)= nb



Power Distribution Network Reconfiguration Using an Improved … 9

‘The system is connected’
else

‘The system is not connected’
end

3.5 Application of the Load Flow for PDNR Problem

This load flow can be effectively used to solve the PDNR problem, particularly with
a meta-heuristic approach. In a typical population-based meta-heuristic approach,
each member of the population is checked for fitness in every iteration based on the
objective to be fulfilled. In PDNR problem, execution of load flows for all the mem-
bers of the population is almostmandatory for fitness evaluation. However, this has to
be carried out only for the valid radial and fully connected topologies. The inclusion
of radiality and connectivity checking before load flow execution in this proposed
algorithmmakes it perfectly suitable formeta-heuristic-based searching for its ability
to sort out invalid members from the population before fitness evaluation. For apply-
ing the algorithm in any meta-heuristic approach, the step of random generation of
open switches can be replaced by the respective local or exploitation and global or
exploration-based search procedures. Last but not least that this proposed algorithm
considers the set of open branch numbers as the input set for successive load flow
execution. The overall flow chart for implementing the proposed ISCA-based PDNR
is shown in Fig. 2.

4 Results

The proposed algorithm is implemented in MATLAB (R2011a) following the flow
chart in Fig. 2. The reconfiguration results for the five test distribution systems (33,
69, 84, 119 and 136 buses) are presented in the next subsection.

4.1 Reconfiguration Results of 33, 69, 84, 119 and 136 Bus
RDNs

As the overall active power loss minimization (APLM) is considered as the objective
of PDNR in this paper, accordingly the reconfiguration results for the five standard
RDNs (33, 69, 84, 119 and 136 buses) by the proposedASCAalgorithm are presented
in Table 3. The system data for all these RDNs are available in [1]. Similarly, the
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Fig. 2 Flow chart for PDNR with ISCA

optimal results as obtained by various other meta-heuristic methods are presented in
Table 4.
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Table 3 Reconfiguration results by the proposed method

Test
systems

Initial open
switches

Initial power
loss (kW)

Final open switches Final power
loss (kW)

Exec. time
(s)

33-bus 33–37 202.65 7, 9, 14, 32, 37 139.55 5.6

69-bus 69–73 224.97 14, 56, 61, 69, 70 98.605 9.0

84-bus 84–96 530.91 7, 13, 34, 39, 42, 55,
62, 72, 83, 86, 89, 90,
92

463.3 25

119-bus 119–133 1298.1 23, 25, 34, 39, 42, 50,
58, 71, 74, 95, 97,
109, 121, 129, 130

869 34

136-bus 136–156 320.35 7, 35, 51, 90, 96, 106,
118, 126, 135, 137,
138, 141, 142,
144–148, 150, 151,
155

280.2 50

Table 4 Reconfiguration results by other meta-heuristic method

Test
systems
/method

M–H used Initial power
loss (kW)

Final open switches Final power
loss (kW)

Av. exec.
time (s)

33-bus [6] RRA 202.69 7, 9, 14, 32, 37 139.55 74.7

69-bus [2] 69–73 224.95 14, 57, 61, 69, 70 98.57 26.7

84-bus [13] 84–96 526.97 7, 13, 34, 39, 42, 55,
62, 72, 83, 86, 89, 90,
92

469.1 Not reported

119-bus
[16]

119–133 1298 24, 26, 35, 40, 43, 51,
59, 72, 75, 96, 98 110,
122, 130, 131

854.06 7.72

136-bus
[31]

136–156 320.35 7, 35, 51, 90, 96, 106,
118, 126, 135, 137,
138, 141, 142,
144–148, 150, 151,
155

280.19 33.98

5 Conclusion

In this paper, an improved SCA has been used to solve the single objective PDNR
problem. The initial population has been generated using a heuristic approach. The
conversion parameter r1 has been set to decrease nonlinearly, and a newgraph theory-
based load flowmethod has been used for solving PDNR. In most of the test systems,
the algorithm has been shown to be faster and capable of obtaining global minimum
results. However, the approach still requires fine tuning for avoiding local minimum
traps and improving the convergence speed for becoming the best.
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Artificial Neural Network for Strength
Prediction of Fibers’ Self-compacting
Concrete

L. V. Prasad Meesaraganda, Prasenjit Saha and Nilanjan Tarafder

Abstract This paper investigates the applicability of artificial neural networkmodel
for strength prediction of fibers’ self-compacting concrete under compression. The
available 99 experimental data samples of fibers self-compacting concrete were used
in this research work. In this paper, computational-based research is carried for
predicting the strength of concrete under compression and model was developed
using ANN with five input nodes and feed-forward three-layer back-propagation
neural networks with ten hidden nodes were examined using learning algorithm.
ANNmodel proposed analytically was verified, and it gives more compatible results.
Hence, the ANNmodel is proposed to predict the strength of fibrous self-compacting
concrete under compression.

1 Introduction

Artificial neural network (ANN) is a computing tool based on the process of genetic
neural networks. The ANN techniques are applicable to civil engineering problems,
because of their potentiality of learning straightly from examples. Correct response to
deficient work, their ability to extract the results from minimal data, and their gener-
alized results production are the other important properties of ANN [1]. The capabil-
ities mentioned above give rise to ANN a very commandingmechanism to determine
solution for several engineering problems, where data is insufficient [2]. The basic
idea of ANN-based mathematical model for material performance is, to educate an
ANN system using that material for series of experiments including enough infor-
mation in the results, about the materials behavior, to succeed as a material model
[3]. Such trained ANN system replicates the outcome of experiments and is also able
to estimate the outcome in other experiments through their simplification potential
[4].
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