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ACHIEVEMENTS OF FACULTY MEMBERS

The faculty of Arvind Gavali College of Engineering have demonstrated exceptional academic and
research excellence. They have published numerous research papers, filed patents, presented at
conferences, authored books, and secured external funding. These achievements showcase their
expertise and dedication, enhancing the institution's reputation and research ecosystem, making it an

ideal candidate for autonomous status.

Sr Activity No of activities academic year wise
No 2023- 2022- 2021- 2020-21 2019-20 2018-19
24 23 22
1 Number of Research 17 27 08 13 11 07
Papers Published in
Journals
2 Number of Patents 05 05 02 02 01
Granted
3 Number of Papers
Published in National
Conferences
4 Number of Papers 01 50 02 34 40
Published in International
Conferences
5 Number of Books 02 01 01
Authored
6 Number of Book 01
Chapters Authored
7 Number of New 31 24 25 21 16 14

Externally Funded
Research Projects

Received
8 Funds Received 5.74 11.26 4.98 6.98 4.83 3.10
Lakhs Lakhs Lakhs Lakhs Lakhs Lakhs
9 Other Achievements 47 22 17 44 110 02
All faculty members achievement View View View View View View

certificates Link for reference

Note: All faculty achievements documents are attached in the respective {?;:56\56) le for your

reference.
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https://www.agce.edu.in/files/autonomy/af/2023-2024.pdf
https://www.agce.edu.in/files/autonomy/af/2022-2023.pdf
https://www.agce.edu.in/files/autonomy/af/2021-2022.pdf
https://www.agce.edu.in/files/autonomy/af/2020-2021.pdf
https://www.agce.edu.in/files/autonomy/af/2019-2020.pdf
https://www.agce.edu.in/files/autonomy/af/2018-2019.pdf

* SET %

SAWKAR
INSTITUTES

SATARA

SAMARTH EDUCATIONAL TRUST
ARVIND GAVALI COLLEGE OF ENGINEERING

Approved by AICTE, New Delhi, Recognized by Govt. of Maha. DTE Mumbai &
Affiliated to MSBTE Mumbai ,Dr. Babasaheb Ambedkar Technological, University Lonere

# AICTE ID: 1-4210711 wAISHE Code: C-11245 #DTE Code: EN-6545 1 DBATU Code: 6545 sMSBTE Code: 1617

1 NBA Accredited

1 NAAC Accredited

v Address : Gat No.247, At Panmalewadi,
Post.-Varye, Tal.& Dist.-Satara, Pin.- 415 015

¥ Mob.: 9957100100, 9069700100

' Email : ageenggsatara@gmail.com

¥ Website: www.agce.edu.in

Achievements of Faculty Members in 2019 — 20:

https://www.agce.edu.in/files/autonomy/af/2019-2020.pdf

1. Number of Research Papers Published in Journals:

Sr. Name of the Faculty Department Award/Recognition | Details/Title of the Paper
No. Member
1 Mr. R. N. Sapkal Civil Engineering | Research Paper Watershed management in
Published AGCE, Satara with special
reference to Khodjaiwadi
Karad
2 Dr. V. R. Thombare Civil Engineering | Research Paper A Study on hollow core
Published foam concrete wall
3 Dr. A. V. Gujar Civil Engineering | Research Paper Performance of Exterior
Published Column Beam Connections
as built at site
4 Mr. V. B. Gujar Computer Science | Research Paper Intelligent Transportation
and Engineering Published using Deep Learning
5 Mr. V. B. Gujar Computer Science | Research Paper Intelligent Transportation
and Engineering Published using Deep Learning
6 Mr. V. B. Gujar Computer Science | Research Paper Deep Learning: Effective
and Engineering Published Tool for Big Data Analytics
7 Dr. B. M. Nayak Electrical Research Paper Evolutionary Computing
Engineering Published Assisted Control
Environment for Six-Step
Mode High-Speed and
Accelerating Induction
Motor Drives [SCOPUS]
8 Dr. B. M. Nayak Electrical Research Paper Disturbance Observer
Engineering Published Assisted Error Sensitive
Predictive Control for
Induction Motors in Sensor
less Environment: A Vector
Field Control Model
9 Dr. G S Mirajkar Electronics and Research Paper A Computable Study on

Telecommunication
Engineering

Published

Tactics towards Crime
Prediction and Analysis
using Machine Learning
[UGC CARE]



https://www.agce.edu.in/files/autonomy/af/2019-2020.pdf

10 | Dr. V. S. Hingmire Electronics and Research Paper FTmRP-NCS: Fault-
Telecommunication | Published Tolerant and reliable mRPL
Engineering routing protocol for W-
NCS communication
11 | Dr. V. A. Pharande Mechanical Research Paper Investigation of Thermal
Engineering Published Properties of Epoxy
Composites Filled with
Aluminium Nitride (AIN)
[UGC CARE]
2. Number of Patents Granted:
Sr. Name of the Faculty Department Award/Recognition | Details/Title of the Patent
No. Member
1 Dr. V. S. Hingmire Electronics and Published Indian IOT Based Water
Telecommunication | Patent Dispensing Apparatus
Engineering

3. Number of Papers Published in National Conferences: NIL




4. Number of Papers Published in International Conferences:

Sr. Name of the Faculty Department Award/Recognition | Details/Title of the Paper
No. Member
1 Ms. Diksha Jadhav Civil Engineering | Presented Research | Impact of Time and Cost
Paper in ICACSE- | Overruns on Building
2020, 4th Construction Projects
International
Conference on
Advances in Civil &
Structural
Engineering
2 Mr. A. B. Kolekar Civil Engineering | Presented Research | Impact Analysis of Soil &
Paper in 3 Water Conservation
GeoMEast Structures - Jalyukt Shivar
International Abhiyan - A Case Study
Congress and
Exhibition, Egypt
“Sustainable Civil
Infrastructures”
3 Mr. A. B. Kolekar Civil Engineering | Presented Research | AGCE Rain water
Paper in ICIRTE- Harvesting System
2020
4 Mr. A. B. Kolekar Civil Engineering | Presented Research | AGCE Amphitheatre
Paper in ICIRTE-
2020
5 Dr. V. R. Thombare Civil Engineering | Presented Research | A Study on Hollowcore
Paper in ICIRTE- Foam Concrete Wall
2020
6 Dr. V. K. Bhosale Computer Science | Published Research | GPS based field force
and Engineering Paper in ICIRTE- tracking system
2020
7 Dr. V. K. Bhosale Computer Science | Published Research | A review of GPS system
and Engineering Paper in ICIRTE-
2020
8 Mrs. R. M. Mandhare Computer Science | Presented Research | Online platform for
and Engineering Paper in ICIRTE- managing Advertise
2020 Agencies Activities
9 Dr. S. Y. Mulla Computer Science | Presented Research | WebAR: Mobile
and Engineering Paper in ICIRTE- Augmented Reality
2020
10 | Dr. S. Y. Mulla Computer Science | Attended One Week | One Week Faculty
and Engineering Faculty Development Program on
Development "Outcome Based
Programme Education: A Step Towards
Excellence"
11 | Mr. P. A. Pathak Computer Science | Presented Research | Review on applications

and Engineering

Paper in ICIRTE-
2020

desired by sugar industries




12 | Mr. P. A. Pathak Computer Science | Presented Research | Customer relationship
and Engineering Paper in ICIRTE- management application
2020 for sugar mill
13 | Mr. P. A. Pathak Computer Science | Presented Research | Review on Development of
and Engineering Paper in ICIRTE- the Web Application for the
2020 User Bike Servicing
14 | Dr. B. M. Nayak Electrical Presented Research | Survey on Electricity
Engineering Paper in ICIRTE- Demand due to Electrical
2020 Vehicles
15 | Mrs. Eva Gupta Electrical Presented Research | Optimal Placement of PMU
Engineering Paper in ICIRTE- for Complete and
2020 Incomplete Observability
16 | Mr. Basavraj Nelogal Electrical Presented Research | IoT Based Power Theft
Engineering Paper in ICIRTE- Identification System
2020
17 | Mr. Devendrappa L. Electrical Presented Research | Speed Control of BLDC
Engineering Paper in ICIRTE- Motor Used in Electrical
2020 Vehicle by Using Arduino
Microcontroller
18 | Ms. P. R. Borate Electrical Presented Research | Design and implementation
Engineering Paper in ICIRTE- of slip ring induction motor
2020 control panel
19 | Dr. V. S. Hingmire Electronics and Presented Research | A Review Paper of Smart
Telecommunication | Paper in ICIRTE- Flood Control and
Engineering 2020 Intelligent Dam
Coordination System
20 | Mr. V. C. Khade Electronics and Presented Research | Execution of different
Telecommunication | Paper in ICIRTE- commands by using 3G/4G
Engineering 2020 network with GSM
21 | Mr. V. T. Barkade Electronics and Presented Research | Greenhouse monitoring,
Telecommunication | Paper in ICIRTE- controlling and automation
Engineering 2020 by using 8051
microcontroller
22 | Mr. V. T. Barkade Electronics and Presented Research | Agriculture Based Robot
Telecommunication | Paper in ICIRTE- by Using loT
Engineering 2020
23 | Ms. S. S. Shivdas Electronics and Presented Research | Bridge Analysis and
Telecommunication | Paper in ICIRTE- Prevention
Engineering 2020
24 | Ms. P. N. Mahamuni Electronics and Presented Research | Coal Mine Safety
Telecommunication | Paper in ICIRTE- Monitoring and Alternating
Engineering 2020 System by using IOT
25 | Dr. V. A. Pharande Mechanical Presented Research | Design & Development of
Engineering Paper in ICIRTE- Special Purpose Jig
2020
26 | Mr. S. P. Patil Mechanical Presented Research | Automation Mechanisms
Engineering Paper in ICIRTE- for Centerless Grinding
2020

T o;.Machlne. A Review



27 | Mr. S. S. Ghadage Mechanical Presented Research | Complaints Solving Using
Engineering Paper in ICIRTE- Design Change Note and
2020 Quality Control Tools
28 | Mr. A. A. Kadam Mechanical Presented Research | Design and manufacture of
Engineering Paper in ICIRTE- Engine lifting crane
2020
29 | Mr. A. A. Kadam Mechanical Presented Research | Design And Development
Engineering Paper in ICIRTE- of Drilling Jig
2020
30 | Mr. P. R. Nikam Mechanical Presented Research | Design And Development
Engineering Paper in ICIRTE- of Rice Transplanting
2020 Machine
31 | Mr. P. R. Nikam Mechanical Presented Research | Plastic Injection Molding
Engineering Paper in ICIRTE- Machine
2020
32 | Mr. R. R. Kamble Mechanical Presented Research | HHO Gas Generator Unit
Engineering Paper in ICIRTE- for Petrol engine
2020
33 | Mr. A. V. Kamble Mechanical Presented Research | Review paper on design
Engineering Paper in ICIRTE- and manufacturing of
2020 fertilizer mixing machine
34 | Mr. S. M. Patil Mechanical Presented Research | Design and development of
Engineering Paper in ICIRTE- electric cycle or E-bicycle
2020

5. Number of Books Authored: NIL

6. Number of Book Chapters: NIL

7. Number of New Externally Funded Research Projects Received:

Sr. | Name of the Faculty Department Award/Recognition | Details/Title of the Project
No. Member
1 Dr. V. R. Thombare Civil Engineering | Project Sponsored | A Study on Hollowcore
by JW Infra Pvt. Foam Concrete Wall
Ltd., Satara
2 Dr. A. V. Gujar Civil Engineering | Project Sponsored Beam Column Connection
by Dhumal Under Monotonic & Cyclic
Construction Pvt. Loading
Ltd., Satara
3 Dr. G S Mirajkar Electronics and Project Sponsored Semi-Automatic Approach
Telecommunication | by TEQIP 3 Cell of | for Tumor Seasgentation in
Engineering DBATU, Lonere Huma{i -




4 Dr. G S Mirajkar Electronics and Project Sponsored Automatic Packaging
Telecommunication | by Gajanan Using PIC Microcontroller
Engineering Packwell Pvt. Ltd.,
Satara
5 Ms. P. N. Mahamuni Electronics and Project Sponsored Coal Mine Safety
Telecommunication | by Aptron Tech, Monitoring and Alerting
Engineering Satara System by Using IOT
6 Mr. Somesha Naik S. R. | Electrical Project Sponsored | Automatic Correction and
Engineering by Ajinkya Control of Power Factor By
Electrosystems, Using Arduino Uno
Satara
7 Mr. Somesha Naik S. R. | Electrical Project Sponsored Transformer-Based Single
Engineering by Ravi Electricals, | Phase Load Balancing
Satara
8 Dr. B. M. Nayak Electrical Project Sponsored Solar Charging Station for
Engineering by Siddheshwar Electric Vehicles
Electricals, Satara
9 Mrs. Ashwini P. Sawant | Computer Science | Project Sponsored CRM Application for
and Engineering by Tuljabhavani Online Buying and Selling
Constructions Property
10 | Mr. P. A. Pathak Computer Science | Project Sponsored Customized Web
and Engineering by Kisan Veer Sugar | Application for Sugar
Factory, Wai, Satara | Factory
11 | Ms. P. L. Gaikwad Computer Science | Project Sponsored Digitizing School
and Engineering by Aditya English Framework
Medium School,
Bavdhan, Pune
12 | Dr. V. K. Bhosale Computer Science | Project Sponsored GPS-Based Field Force
and Engineering by Inventive Tracking System
Infotech, Satara
13 | Mrs. R. M. Mandhare Computer Science | Project Sponsored Online Platform for
and Engineering by Existance Managing Advertising
Software Solution, | Agency Activities
Nashik
14 | Mr. P. A. Pathak Computer Science | Project Sponsored Web Portal for Online Bike
and Engineering by 3 Star IT Servicing
Solutions, Satara
15 | Mr. D. V. Jadhav Computer Science | Project Sponsored Customized Web Portal for
and Engineering by Shree Surveyors | Vehicle Insurance System
and Loss Assessors,
Pune
16 | Mr. S. S. Ghadage Mechanical Project Sponsored Complaints Solving Using
Engineering by Abhijat Design Change Note and
Equipments Pvt. Quality Control Tools

Ltd.




8. Fund Received During This Academic Year:

Sr. Name of the Faculty Department Award/Recognition | Details/Title of the Project
No. Member
1 Dr. V. R. Thombare Civil Engineering | Project Sponsored Rs. 25,000/-
by JW Infra Pvt.
Ltd., Satara
2 Dr. A. V. Gujar Civil Engineering | Project Sponsored Rs. 32,000/-
by Dhumal
Construction Pvt.
Ltd., Satara
3 Dr. G S Mirajkar Electronics and Project Sponsored Rs. 2,00,000/-
Telecommunication | by TEQIP 3 Cell of
Engineering DBATU, Lonere
4 Dr. G S Mirajkar Electronics and Project Sponsored Rs. 15,000/-
Telecommunication | by Gajanan
Engineering Packwell Pvt. Ltd.,
Satara
5 Ms. P. N. Mahamuni Electronics and Project Sponsored Rs. 30,000/-
Telecommunication | by Aptron Tech,
Engineering Satara
6 Mr. Somesha Naik S. R. | Electrical Project Sponsored Rs. 15,000/-
Engineering by Ajinkya
Electrosystems,
Satara
7 Mr. Somesha Naik S. R. | Electrical Project Sponsored Rs. 17,000/-
Engineering by Ravi Electricals,
Satara
8 Dr. B. M. Nayak Electrical Project Sponsored Rs. 20,000/-
Engineering by Siddheshwar
Electricals, Satara
9 Mrs. Ashwini P. Sawant | Computer Science | Project Sponsored | Rs. 15,000/-
and Engineering by Tuljabhavani
Constructions
10 | Mr. P. A. Pathak Computer Science | Project Sponsored Rs. 15,000/-
and Engineering by Kisan Veer Sugar
Factory, Wai, Satara
11 | Ms. P. L. Gaikwad Computer Science | Project Sponsored Rs. 14,000/-
and Engineering by Aditya English
Medium School,
Bavdhan, Pune
12 | Dr. V. K. Bhosale Computer Science | Project Sponsored Rs. 12,000/-
and Engineering by Inventive
Infotech, Satara
13 | Mrs. R. M. Mandhare Computer Science | Project Sponsored Rs. 15,000/-

and Engineering

by Existance
Software Solution,
Nashik




14 | Mr. P. A. Pathak Computer Science | Project Sponsored Rs. 15,000/-
and Engineering by 3 Star IT
Solutions, Satara
15 | Mr. D. V. Jadhav Computer Science | Project Sponsored Rs. 13,000/-
and Engineering by Shree Surveyors
and Loss Assessors,
Pune
16 | Mr. S. S. Ghadage Mechanical Project Sponsored Rs. 30,000/-
Engineering by Abhijat
Equipments Pvt.
Ltd.
9. Other Achievements:
Sr. | Name of the Faculty Department Award/Recognitio Details
No. Member n
1 Mr. R. N. Sapkal Civil Engineering | Attended One Day | One Day Webinar on New
Webinar Higher Education Policy
and Digitization of
Education
2 Mr. R. N. Sapkal Civil Engineering | Attended Online Online Workshop on
Workshop "Corrosion and Control"
3 Mr. R. N. Sapkal Civil Engineering | Attended One Week | One Week Online Faculty
Online Faculty Development Program on
Development "Outcome Based
Program Education: A Step Towards
Excellence"
4 Mr. R. N. Sapkal Civil Engineering | Attended One Week | One Week Webinar Series
Webinar Series on "Metro Rail Technology
- Practices & Issues"
5 Mr. R. N. Sapkal Civil Engineering | Attended One Week | One Week Webinar on
Webinar "Scientific Approach to
Vastushastra in Building
Planning"
6 Mr. R. N. Sapkal Civil Engineering | Attended One Week | One Week National STP on
National STP "A Smart and Sustainable
World in Concrete and
Structures"
7 Mr. R. N. Sapkal Civil Engineering | Attended One Week | One Week Online Faculty
Online Faculty Development Program on




Development

"Innovation,

Program Entrepreneurship and its
Relevance in Industry 4.0
Practices in the Post Covid-
19 Situation"
8 Mr. R. N. Sapkal Civil Engineering | Attended Three Three Days Webinar on
Days Webinar "Development, Execution,
and Maintenance of EPC
Project"
9 Mr. V. B. Gujar Computer Science | Attended One Day | Webinar on "Role of
and Engineering Webinar Engineers in Upcoming
Industrial Revolution"
10 | Mr. V. B. Gujar Computer Science | Attended One Day | Webinar on “Intellectual
and Engineering Webinar Property Rights”
11 | Mrs. R. M. Mandhare Computer Science | Attended One Day | One Day Coordinator's
and Engineering Coordinator's Workshop on C and C++
Workshop
12 | Mrs. R. M. Mandhare Computer Science | Attended One Week | One Week Online Faculty
and Engineering Online Faculty Programme on "BOSS
Programme LINUX - UBUNTU
OPERATING SYSTEM"
13 | Mrs. R. M. Mandhare Computer Science | Attended One Day | One Day Workshop on
and Engineering Workshop Arduino
14 | Mrs. R. M. Mandhare Computer Science | Attended One Day | One Day Workshop on R
and Engineering Workshop
15 | Mr. P. A. Pathak Computer Science | Attended One Day | One Day Workshop on
and Engineering Workshop Arduino
16 | Mr. P. A. Pathak Computer Science | Attended One Week | One Week TEQIP Online
and Engineering TEQIP Online Faculty Development
Faculty Program on “Machine
Development Learning and Deep
P
rograt Learning Applications in
Engineering and Science
(MLDLAES 2020)
17 | Mr. P. A. Pathak Computer Science | Attended One Day | Webinar on "Future of
and Engineering Webinar Training & Placement is

REMOTE and Tools for
TPOs in 2020 to increase
productivity"




18 | Mr. P. A. Pathak Computer Science | Attended One Week | one week online
d Engi ' FDP
and sasinectife Faculty Development
Program on “OUTCOME
BASED EDUCATION:
A STEP TOWARDS
EXCELLENCE”
19 | Mr. P. A. Pathak Computer Science | Attended One Day | One Day Python Workshop
and Engineering Workshop
20 | Mrs. A. P. Sawant Computer Science | Presented Research | Smart-Parking System
and Engineering Paper in ICIRTE- Based on Internet-of-
2020 Things
21 | Ms. Shital Chavan Computer Science | Attended One Day | Python Workshop
and Engineering Python Workshop
22 | Dr. B. M. Nayak Electrical Attended One Day | Faculty Awareness
Engineering Faculty Awareness | Program on NBA and
Program Outcome Based Education
(OBE)
23 | Dr. B. M. Nayak Electrical Attended TEQIP-III | TEQIP-III Sponsored
Engineering Sponsored Faculty | Faculty Development
Development Program (FDP) on
Program (FDP) "Industrial 10Ts, Industry
4.0 & Disruptive
Technologies"
24 | Dr. B. M. Nayak Electrical Participated in Online Quiz on
Engineering Online Quiz "Renewable Energy
Resources"
25 | Dr. B. M. Nayak Electrical Participated in National Level Online Quiz
Engineering National Level on International Yoga Day
Online Quiz
26 | Dr. B. M. Nayak Electrical Attended One Week | One Week Faculty
Engineering Faculty Development Program on
Development "Outcome Based
Program Education: A Step Towards
Excellence"
27 | Mrs. Islavath Parvati Electrical Attended TEQIP-IIT | TEQIP-III Sponsored
Engineering Sponsored Faculty | Faculty Development
Development Program on "Industrial
Program [0Ts, Industry 4.0 &

Disruptive Technologies"




28 | Ms. Eva Gupta Electrical Attended Faculty Faculty Awareness
Engineering Awareness Programme on Research
Programme Methodology
29 | Ms. Eva Gupta Electrical Attended Faculty Attended Faculty
Engineering Awareness Awareness Programme on
Programme "NAAC Revised
Accreditation Framework
2020"
30 | Ms. Eva Gupta Electrical Attended Online Attended Online Training
Engineering Training Program Program for Three Days on
for Three Days "Ultra Low Power System
Design"
31 | Ms. Eva Gupta Electrical Attended One Week | Attended One Week Online
Engineering Online Faculty Faculty Development
Development Program entitled
Program "OpenFOAM"
32 | Mr. Somesha Naik SR | Electrical Attended Webinar | Webinar on "Future of
Engineering Training & Placement is
REMOTE" and "Tools for
TPOs in 2020 to increase
productivity"
33 | Dr. V. S. Hingmire Electronics and Participated in Participated in NAAC
Telecommunicatio | NAAC Awareness | Awareness Quiz - 2020
n Engineering Quiz - 2020
34 | Dr. V. S. Hingmire Electronics and Participated in One | One Day Coordinators'
Telecommunicatio | Day Coordinators' Workshop on Arduino
n Engineering Workshop on
Arduino
35 | Dr. V. S. Hingmire Electronics and Participated in One | One Day Workshop on C
Telecommunicatio | Day Workshop and C++
n Engineering
36 | Dr. V. S. Hingmire Electronics and Participated in Online Quiz "Awareness
Telecommunicatio | Online Quiz about NBA Accreditation
n Engineering and OBE"
37 | Dr. V. S. Hingmire Electronics and Attended One Week | One Week Online Faculty
Telecommunicatio | Online Faculty Development Program on
n Engineering Development "Outcome Based
Program Education: A Step Towards

Excellence"




38 | Dr. V. S. Hingmire Electronics and Course Coordinator | Course Coordinator during
Telecommunicatio | during the One Day | the One Day Workshop on
n Engineering Workshop “Arduino”
39 | Dr. V. S. Hingmire Electronics and Published Indian IOT Based Water
Telecommunicatio | Patent Dispensing Apparatus
n Engineering
40 | Mr. V. T. Barkade Electronics and Attended DBATU Attended DBATU TEQIP-
Telecommunicatio | TEQIP-III III Sponsored One Week
n Engineering Sponsored One Online FDP On
Week Online FDP "Communication and ICT"
41 | Mr. V. T. Barkade Electronics and Completed One One Week Online
Telecommunicatio | Week Online Certificate Course on
n Engineering Certificate Course Influenza Pandemics:
Yesterday, Today, and
Tomorrow
42 | Mr. V. T. Barkade Electronics and Attended Webinar | Webinar on "Machine
Telecommunicatio | on "Machine Learning"
n Engineering Learning"
43 | Mr. V. T. Barkade Electronics and Attended One Day | One Day Satellite
Telecommunicatio | Satellite Telecommunication
n Engineering Telecommunication | Industrial Training
Industrial Training | Program at Institute of
Program Satellite Telecom Pvt. Ltd.
Pune
44 | Mr. V. T. Barkade Electronics and Attended Online Online Workshop on
Telecommunicatio | Workshop on Universal Human Values
n Engineering Universal Human on the theme "Inculcating
Values Universal Human Values in
Technical Education"
45 | Mr. V. T. Barkade Electronics and Attended One Day | One Day Workshop on
Telecommunicatio | Workshop Arduino
n Engineering
46 | Mr. D. B. Jagtap Electronics and Participated in NAAC Awareness Quiz -
Telecommunicatio | NAAC Awareness | 2020
n Engineering Quiz - 2020
47 | Mr. D. B. Jagtap Electronics and Participated in Online Quiz on "Awareness

Telecommunicatio
n Engineering

Online Quiz

about NBA Accreditation
and OBE"




48 | Mr. D. B. Jagtap Electronics and Attended One Week | One Week Online Faculty
Telecommunicatio | Online Faculty Development Program on
n Engineering Development "Outcome Based
Program Education: A Step Towards
Excellence"
49 | Mr. D. B. Jagtap Electronics and Participated in One | One Day Curriculum
Telecommunicatio | Day Curriculum Development Program for
n Engineering Development Electronics and
Program for Telecommunication
Electronics and Engineering at Dr.
Telecommunication | Babasaheb Ambedkar
Engineering Technological University,
Lonere, Maharashtra, India
50 | Mr. S. P. Patil Mechanical Participated in One | Karmaveer Research
Engineering Day Quiz Publication and Review
Quiz
51 | Mr. S. P. Patil Mechanical Attended One Week | Online One Week Faculty
Engineering Faculty Development Program on
Development Funding Opportunities for
Program Engineering Teachers &
Technical Paper Writing
52 | Mr. S. P. Patil Mechanical Attended One Week | One Week Faculty
Engineering Faculty Development Program on
Development "Advanced Materials and
Program Manufacturing"
53 | Mr. S. P. Patil Mechanical Attended One Week | One Week Faculty
Engineering Faculty Development Programme
Development on "Research Opportunities
Programme and Challenges in
Manufacturing Sector"
54 | Mr. S. P. Patil Mechanical Attended One Week | One Week Online Training
Engineering Online Training Program on,
Program Implementation of Multi-
objective Optimization
Algorithm (NSGA-II)
Using MATLAB
55 | Mr. S. P. Patil Mechanical Attended One Day | Webinar on "Job
Engineering Webinar Opportunities in
Manufacturing Sector"
56 | Mr. S. P. Patil Mechanical Attended One Week | One Week Online Faculty
Engineering Online Faculty Development Program on

7 EGE O




Development

"Enhancing Research and

Program Consultancy Skills"
57 | Mr. . Patil Mechanical Attended Seven Seven Days Faculty
Engineering Days Faculty Development Program on
Development "Heat Transfer and
Program Computational Fluid
Dynamics Towards
Industrial Applications"
58 | Mr. . Patil Mechanical Attended One Day | Noise Vibration and
Engineering Webinar Harshness Webinar Series
(Session 2) Active
Vibration Control in Truck
System
59 | Mr. . Patil Mechanical Attended One Day | Noise Vibration and
Engineering Webinar Harshness Webinar Series
(Session 1) Noise
Attenuation Strategies
60 | Mr. . Patil Mechanical Attended One Day | Noise Vibration and
Engineering Webinar Harshness Webinar Series
(Session 3) Acoustic
Material Testing and
Characterization
61 | Mr. . Patil Mechanical Attended Online Online Faculty
Engineering Faculty Development Programme
Development on "Recent Advances in
Programme Modelling and
Optimization Techniques"
62 | Mr. . Patil Mechanical Attended One Week | One Week Online
Engineering Online International | International Faculty
Faculty Development Programme
Development on "Advanced Engineering
Programme Materials for Strategic &
Societal Sectors - Current
Perspectives"
63 | Mr. . Patil Mechanical Attended Five Days | Five Days Online Faculty
Engineering Online Faculty Development Program on
Development OpenFOAM
Program
64 | Mr. . Patil Mechanical Attended One Day | One Day Online Webinar

Engineering

Online Webinar

on "Career Prospects in




Mechanical Engineering
after COVID-19"

65 | Mr. S. P. Patil Mechanical Attended One Week | One Week Online Faculty
Engineering Online Faculty Development Program on
Development "Outcome Based
Program Education: A Step Towards
Excellence"
66 | Mr. S. S. Ghadage Mechanical Attended One Week | One Week Online Faculty
Engineering Online Faculty Development Program on
Development "Outcome Based
Program Education: A Step Towards
Excellence"
67 | Mr. S. S. Ghadage Mechanical Attended Five Days | Five Days Online Faculty
Engineering Online Faculty Development Program on
Development OpenFOAM
Program
68 | Mr. S. S. Ghadage Mechanical Attended Seven Seven Days Faculty
Engineering Days Faculty Development Program on
Development "Heat Transfer and
Program Computational Fluid
Dynamics Towards
Industrial Applications"
69 | Mr. S. S. Ghadage Mechanical Attended Faculty Faculty Development
Engineering Development Programme on "CFD
Programme Simulation of Thermal
Management of Batteries
and Power Converters"
70 | Mr. S. S. Ghadage Mechanical Attended One Week | One Week TEQIP
Engineering TEQIP Sponsored Sponsored Online Faculty
Online Faculty Development Programme
Development on "Applications of Finite
Programme Element Analysis (FEA)
and Computational
Dynamics (CFD) Using
ANSYS"
71 | Mr. A. A. Kadam Mechanical Presented Research | Design and manufacture of
Engineering Paper in ICIRTE- Engine lifting crane
2020
72 | Mr. A. A. Kadam Mechanical Attended Three Three Days Online FDP on
Engineering Days Online FDP "Acoustics Engineering -




An Effective Use of
Sounds & Vibrations"

73 | Mr. A. A. Kadam Mechanical Attended One Week | One Week Webinar on
Engineering Webinar "AUTOCAD-2D BASIC"
74 | Mr. A. A. Kadam Mechanical Participated in Quiz | Quiz on "Resume Writing
Engineering Techniques"
75 | Mr. A. A. Kadam Mechanical Participated in Online Quiz for awareness
Engineering Online Quiz programme on COVID-19
76 | Mr. A. A. Kadam Mechanical Participated in Quiz | NAAC Awareness Quiz -
Engineering 2020
77 | Mr. A. A. Kadam Mechanical Participated in National Level Online Quiz
Engineering National Level on "Mechanics of Material"
Online Quiz
78 | Mr. A. A. Kadam Mechanical Participated in Online Quiz on "Basic
Engineering Online Quiz Knowledge of Automobile
Engineering"
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ABSTRACT:
Scarcity and threats to resource from
pollution, climate change, and

overexploitation have made it increasingly
important to have sound watershed
management. The link between land, water,
and people has further made it necessary to
widen the scope of watershed management
beyond the “water resource”. Overall
ecosystem functions as well as the
improvement of socioeconomic status of the

local communities are of paramount
management. Integral water resource
management including stakeholder

participation, livehood improvement, flood
risk management, and financing of
watershed management is presented.
Furthermore, the scheme of watershed
planning process which is fundamental for
the development and implementation of
watershed management plans is stressed.
Watershed assessment, a key component of
watershed planning.

Key words: Integrated Water resource
management, Flood risk management,
Watershed management planning,

1. INTRODUCTION-

A watershed, also called a drainage basin, is
defined as an area in which all water flowing
into it goes to a common outlet. People and

livestock are the integral part of watershed and
their activities affect the productive status of
watershed and vice versa. From the
hydrological point of view, the different phases
of hydrological cycle in a watershed are
dependent on the various natural features and
human activities.

Major impact of the watershed implementation

are observed based base on impact evaluation

studies are given below.

e Rise in ground water level.

e Drinking water scarcity in village has been
overcome.

e Local employment generation  has
improved, reducing off season migration.
Increase in agricultural productivity and
production.

1.1 MATERIALS:

1.1.1 Geo-textile Coir: Geo-textile coir is made
up of coconut. Soil erosion and degradation of
nature resource are creating a great threat to the
environment around us. Concerted efforts are
now on to rejuvenate and restore degraded
land with the help of geo-textile. This coir is
commonly used in the India for reducing the
infiltration losses in landfill area. This coir are
place in the base and side of this area the
thickness thickness of this coir is very thin.
Durability of this landfill sheet is high.
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1.1.2 Cetyl Alcohol and Stearyl Alcohol: from evaporation. This water can be used for
These chemicals are applied by using hand domestic consumption. These chemicals are
spreading from the bank of reservoir. The used for purification of water.

surface film method is good to save the water

Stearyl Alcohol (Ginol 18)

Cetyl Alcohol StearylAlcoho

1.1.3 Bleaching Powder: Bleaching powder is small packets.Their chlorine content not
a chlorinated lime containing about 33%of decrease with storage. They can be applied in
active or available chlorine. These are used for dry condition or as in liquid condition.
chlorination of water. They are available in

Imndiaha/R T

Bleachimg Powvwder at Rs 1&
Tkillogrami(s) | Bleachinmng Powwder | 1D

1.1.4 Mechanical Mesh Cover: sizable small reservoir only. it is helps to avoid
If the total or partial surface Of the reservoir is  falling material in the reservoir like leaves of
covered, it will control the evaporation. It is trees, plastic etc.

very costly method and can be used, in case of
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2. LITERATURE REVIEW:

2.1.1 S.P. Suryawanshi and AbhijeetKamble
watersheds for improved livelihoods through
consortium approach in drought prone rain-
fed areas. Journal of Hydrological Research
and Development.23:55-77.

India occupies approximately 2.4% of the total
geographical area of the world while it supports
over 15% of the world population.
Unprecedented population pressure and demand
of society on scarce land, water and biological
resources and the increasing degradation of
these resources is affecting the stability and
resilience of our ecosystems and the
environment as a whole. Therefore, the
productive agriculture lands in the country are
in constant process of varying degrees of
degradation and are fast turning into
wastelands. It is precisely to restore this
ecological imbalance by developing the
degraded non-forest wastelands. To harness the
full potential of the available land resources and
prevent its further degradation, wasteland
development is of great significance.

2.1.2 Jonson Creek Assessment of sustainable
watershed management approach case study

lenchediama, tsegureyesus and DIJJIL
watershed presented to the faculty of
graduate  school of cornelluniversity

,may2011

Implementation of solutions to problems of
water quality and quantity in the basin has been
hindered by political and social constraints.
Reasons for the failure of previous management
proposals are analyzed through application of
institutional evaluation criteria. Alternative
solutions are described and key considerations
toward implementation of an effective basin

wide management scheme are found to be
political coordination, an equitable funding
program, and generation of public support.

2.1.3 Suhas P Wani and Kaushal K Garg
’Sustainable  groundwater  development
through integrated watershed management
of food security’: oraganised by
International crops research institute for the
semi arid tropics (ICRISAT).

Watershed is not  simply the
hydrological unit but also socio-political-
ecological entity which plays crucial role in
determining food, social and economical
security and provides life support services to
rural people. The criteria for selecting
watershed size also depend on objectives of the
development and terrain slope. A large
watershed can be managed in plain valley areas
or where forest or pasture development is the
main objective. In hilly areas or where intensive
agriculture development is planned, the size of
watershed relatively preferred is small.

2.1.4 Karen L. Mora Trees and watershed
management  in koromoja, Uganda
‘produced by department for international
development (DFID) contracted through the
climate

The effectiveness of land stewardship
must be enhanced to meet a growing
population’s need for conservation, sustainable
development, and use of natural resources.
Ecosystems-based, multiple use oriented land
stewardship is necessary when con-sideling the
present and future uses of land, water, and other
natural resources on an operationally efficient
scale. Holistically planned and carefully
implemented watershed management practices
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will always be needed to meet the increasing
demands for commodities and amenities, clear
water, open space, and uncluttered landscapes.

3. METHODOLOGY:

In this project first up all we have study
the watershed management concept. We have
understood the watershed management concept
in different types of references. We have
searching the different reference papers in
watershed ~ management and  watershed
development concept. These searching papers
are mention in this project. The conclusion of
this paper authors are mentioned in literature
review in this project. After this, we have
searching the study area of watershed
management and after discussion in our group
we have select the study area related to
watershed management. The name of the site is
kolamba watershed (pasarTalav).

We have going to this place and observe
this area. We have discussed the surpanch in
this area and collect the detailed information of
this watershed. Kolamba watershed is sixth

order stream covering an area of 88.693km?2
lying between latitude 17015 N and 17030 N
and longitude 7400 E and 74015 _E, is included
with in the Survey of India (SOI) topographic
sheet n0.47 K/3 on the scale 1:50000. After this,
we have going to PWD department and collect
other information in this watershed for
respective authority.

We have surveying the college area
and select the suitable site for the watershed
management. We have surveying the
topographic area near the area. We have finding
the stream lime of this topographic area. The
following procedure is carried out in this area:

1.Finding out the suitable site.

2. Finding out the measurement of this site.

3. Finding out the area of this site.

4. Total volume of catchment area.

5. Collect the rainfall data of this site.

6. Finding out the run-off of this site.

7.Stored water

8.Total storage capacity of this catchment area.

4. RESULT AND DISCUSSION:

4.2 METHODS

Sr. No. Contents Values

1 Small width of 9m
catchment area

2 Large width of 16.5m
catchment area

3 Length of 28 m
catchment area

4 Avg. width of 12.75
catchment area

5 Area of 357 m"™2
catchment area

6 Volume of 1428 m"3
catchment area

7 Run-off of 0.22 m
catchment area

8 Yield 80.325 m"3

Assessment of given watershed area

OF REDUCTION OF 2)

By selecting the size of the dam in such

EVAPORATION LOSSES
1) Surface Area Reduction-:

The rate of evaporation depends upon
extent of the exposed surface area. If the
exposed area is the reduced the evaporation can
be under control. This is can be done by using
the following methods:

1) By reducing the done by meandering
length of a river.

area. Where the ratio of surface area to
the storage capacity of the reservoir is
minimum.
3) By storing the water under closed
surface.
2) Mechanical Cover-:

If the total or partial surface of the
reservoir is covered, it will control the
evaporation. It is a very costly method and can
be used, in case of sizable small reservoir only.
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3) Wind shields -:

The velocity of the wind is directly
proportionate to the rate of evaporation. i.e. if
the wind velocity is high the rate of evaporation
also will be high. So if the velocity of wind near
the surface of the reservoir is reduced by
creating obstruction therefore, in this project the
plant are provided around the banks of the
reservoir the wind velocity will be reduced, and
the rate of evaporation will be put under
control. This method very eco-friendly. This
can be used for small lakes or reservoir only.

4) Surface Film-:
By using same chemical, a surface film can
be spread over the surface of a reservoir. The

film obstructs the movements of the water
molecules on the surface to the layer of the air,
above the reservoir and controls the rate of
evaporation. This film is called as
monomolecular film because the thickness of
the film on molecular thick.

It gives results up to 40 to 70% in the
laboratories and about 25 y in the open area of
the reservoir. It should not be too costly and
must be easily available in large quantities. It
must be eco- friendly. The chemicals used to
form the films are:-

o Cetyl Alcohol(C¢H330H)

Hexadecanol

e Stearyl Alcohol (C;sH370H) : Octadecal

Sr. Contents Values
No.

1 Water requirement in our college 8 lit/head/day

(sanitary purpose)

2 Area of given Watershed 357 m"2

3 Population of college 1500

4 Quantity of college 12 cu.m

5 Total quantity of water in the 1428 m"3

catchment
6 Utilization Period 119 days

Utilization Period of given watershed

5. CONCLUSION:

e Water is a prime natural source, a basic
human need and a precious national
asset. Watershed development consisting
of conservation, Regeneration and
judicious use of all the resource natural
resource.  Watershed  development
attempts to bring about test possible
balance in the environment between
natural resources on one side and man
and grazing animals on the other.

e The climate of proposed watershed is
included in the subtropical temperature
category, Characterized by medium
rainfall and moderate temperature. The
maximum temperature range is 45°C to
50°C. And the minimum temperature
range is 20°C to 25°C. The averagely
850mm rainfall occurs in the rainy
season.

e In this work, we have studied the
advanced technique of watershed
management by using advanced
geosynthetic materials like geotextile

coir, Black sheet and also chemicals to
prevent Evaporation losses.

e In this way it reduces percolation losses
as well as evaporation losses.

e Mechanical covers, Floaters, Chemicals
like Stearyl Alcohol and Cetyl Alcohol,
etc are used for reducing the evaporation

losses.

e This proposed method enhances
rainwater storage capacity  for
utilization.

e Irrigation status of region is assessed on
the basis of irrigation facility, types of
irrigation used for our college purposes.
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Abstract — Now a days the construction time, improving the quality of concrete work, durability and cost of construction of any

structure plays important roll to compensate the cost of project. There are number of new technique and innovative method

used, hollowcore foam concrete wall is one of them. Foam concrete is either a cement paste or mortar, classified as cellular

light weight concrete, in which air voids are entrapped in mortar by suitable foaming agents. In this study, we are carried out

mechanical properties of cellular light weight concrete wall, which made from ordinary Portland cement, fly ash, water and

foaming agent admixture. This building methodology for low cost housing and economical advantages achieved by its

adoption.

Keywords — Foamed concrete, Cellular lightweight concrete, Fly ash, Foaming agent, Hollowcore wall, Mechanical

properties.

I. INTRODUCTION

Foamed concrete is produced by the mixing of Portland
cement, water and foam. The foam is produced with the
help of a foaming generator by using foaming agent. The
air content is typically between 30 to 80 percent of the
total volume. The bubbles vary in size from around 0.1 to
1.5 mm in diameter.

Hollowcore wall is an environmental-friendly panel
which is widely used in wall construction, especially wall
partition. It is a new type of non-flammable material made
of lightweight materials.

90mm

Fig.1. size

When compared with other similar materials, a number of
benefits such as completely green material and no
asbestos, higher fireproof, sound installation, easier
decoration, and lower the total cost of the project.

Fly ash is fine powder that is a byproduct of pulverized in
electric generation power plant. Fly ash is pozzoloan, a
substance containing aluminous and siliceous material
that form cement in the presence of water. When mixed
with water and lime, fly ash forms a compound similar to
Portland cement. This makes fly ash suitable as a prime
material in blended cement, mosaic tiles, and hollow
blocks, among other building material. When using
concrete mixes, fly ash improves the strength and
segregation of the concrete and makes it easier to pump.
1.1Materials:

1.1.1 Cement:

Concrete is the most used material in the world because of
its available at cheaper price and large quantity. It is the
basic ingredient of concrete, mortar and plaster. Portland
cement grade 53 is used in this experimental work.

(FIGURE 3.CEMENT)
Fig.2 Cement.

1.1.2 Foaming agent:

Foam is a substance foamed by trapping pockets of gas in
liquid or solid. A bath sponge and the head on a glass of
beer are example of foam. In most foam, the volume of
gas is large, with thin films of liquid or solid separating

© 2020 IJSRET
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the region of gas. Foaming agents is materials that
facilitate formation of foam. The role of foaming agents
in foamed concrete is to create small and enclosed air
bubble by reducing the surface tension of a solution and
increasing the stability of air bubble.

1.1.3 Fly Ash:

Fly ash can be a cost-effective substitute for Portland
cement in many markets. Fly ash is also recognized as an
environmentally friendly material and embodied energy.
Fly ash is poorly graded particles, generally spherical in
shape and range in size from 0.5 micrometer to 300
micrometers.

Fig.3.Fly Ash.

1.1.4 Fiberglass mesh net:

With high strength, durable service and excellent property
against acid and alkali, fiberglass mesh net is the
alternative to steel mesh for exterior and interior concrete
wall rendering. Fiber reinforcement mesh enjoys easy
operation, material saving, long life, it is the ideal energy
-saving insulation materials.

1.1.5 Water:

Water is most important material required for concrete.
Portable water is used for mixing the material with each
other.

1.1.6 Chemical composition and Physical properties of
OPC and Fly Ash

Table -I: A typical chemical composition of Portland
cement and fly ash.

Fortamd Fly Ash
Chemicals censent

(OFC)

Chemical com position {249 by ma )

Silicon dioxida 1839 G636
Al inem ootida 3.85 2819
Fearmric oxida 348 200
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Calcinm ootida &2.48 154
Soddinm ootida 0OE

o035
Potassimm oide 052 0003
Sulphuwr omida 400 026
Silicom orida = | 23.73 o478

Advem imem eockia = Famric

oxida

Physical properties
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mass)

us
b2
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Bp=cific gravity

1.2 Equipment:
1.2.1. Mounding machine:

The concrete wall panel machine is high degree of
automation equipment, hydraulic opening and closing.

Speification:
Annual output

20 parals paer moukds(90mm)

Hydrawlic power

4 Kw

Hydraulic pressure 5 Mpa
Machine size 37°3.3"12m

Machine weight 4500kg

Frodudt wicth S00mm

Pannn steel plates

Q235 thickness 4mm

Seaol plates laveling tolerance
Froduct lengih

= 1imm

“Can be adpsiabia wahin 3m

Maving motor power

4KW

Fig.4 . ulding machine

1.2.2. Foam generator machine:

One of the most ingredient required to produce foamed
concrete is the aqueous stable foam. The foaming
generator acts as a medium which transforms the liquid
chemical into stable foam.

1.2.3. Overhead crane

To move extremely heavy or bulky loads through the
overhead space in a facility, instead of through aisles or
on the floor, on overhead crane.

II. LITERATURE REVIEW

2.1 Roz-Ud-Dia Nassar and Shazim Ali Memon et.al
(2018) [1] has submitted thesis on ‘“Characteristics of
foam concrete produced from Detergent used as foaming
agent.”

In this study, the possibility of production of low-cost
foam concrete using locally manufactured detergent
powder was experimentally investigated.

They concluded that, the production of low-cost foam
concrete using locally manufactured detergent as
replacement of commercially available FA is a feasible
practice. Strength and durability characteristics of foam
concrete mixers produced with detergent as foaming
agent are quite comparable to that of control foam
concrete mixers produced with FA as the air-entering
agent.
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The result of the study is encouraging and various
properties of the foam concrete produced with detergent
as air-entraining agent can be further improved by fine-
tuning the mix proportioning.

2.2 Vidya jose and Dr. P. Rajeev kumar et.al (2014) [2]
has submitted thesis on “Hollow Core Slabs in
Construction Industry.”

A hollow core slab is precast prestressed concrete
member with continues voids provided to reduce weight
and cost. They are primarily used as a floor deck system
in residential and commercial buildings as well as in
parking structures because they are economical, have
good fire resistance and sound insulation properties, and
are capable of spanning long distance with relatively
small depths.

Hollow core slabs can make use of prestressing
strands, which allow slabs with depths between 150 to
260 mm to span over 9 meters. The small gap that is left
between each slab is usually filled with a non-shrink
grout.

Hollow core slabs are used for a variety of applications in
low and high-rise commercial, residential and industrial
buildings. It provides an answer to most of the present
market

demands and challenges for the building industry:
structural efficiency, low material consumption, highly
automated an environment friendly production process,
high concrete strength, slender floor thickness, and
possibilities for reuse and recycling at the end of the life
cycle.

2.3 R. Yuvanesh Kumar, K. Vinobalaji and M. Naveen
Prasad et.al (2018) has submitted thesis on
“Experimental investigation of hollow core slab using
different fiber.

Total weight of the building mainly depends on the
reinforcement concrete. Large portion of buildings weight
caused due to dead load. In order to reduce the self-
weight, hollow core slabs are used. Hollow core slab
makes the slab much lighter than the massive solid
concrete floor slab of equal thickness and strength.
Concrete bring brittle is strong in compression but very
week in tension, the weakness make it to crack at the
tensile end. The tensile property can be induced by adding
fibers.

Fibers have the ability to arrest cracks, increase the
extensibility and tensile strength. Fibers are able to the
matrix together even after extensive cracking. Glass fiber
which improves the flexural and split tensile strength of
concrete. By adding the fiber to the mix will have ductile
failures.

Hollow core slab reduces the dead weight to a great
extent. It is observed that compressive strength increases
up to 12.95 % with addition of 0.06% glass fiber to the
volume of concrete. Flexural strength increases up to
6.96% with addition of 0.06% glass fiber.

2.4 K. M. Monisha, G. Srinivasan et.al (2017) has
submitted thesis on “Experimental behaviour of prestress

hollow core slab, Rc hollow core slab and normal Rc
solid slab.

The project consists of experimental behavior of
hollow core slabs and comparison of this result with
different makes and casting. Reinforced hollow slab is
casting by making the hole in mold then the prestress
hollow core slab is casted with zero slump concrete in
factory. The slab has dimension of 1 cubic meter.

The load test is done in this slab by loading frame.
Reinforced hollow core slab, prestress hollow core slab is
tested and ultimate load, cracking load and efficiency of
slab is tabulated. Cost efficiency of prestress hollow core
slab is high compare to reinforced concrete hollow core
slab. Load caring capacity of slab is 20% less when
compare to prestress hollow core slab.

Hollow core slab is precast, prestress concrete
element that are generally used for flooring. A hollow
core slab consist of continues voids provided to reduce
weight and cost. This hollow core slab are primarily used
as a floor deck system in residential and commercial
buildings as well as in parking structures because this
slabs are more economical, have good fire resistance and
sound insulation properties and also capable of spanning
long distances with relatively small depths.

III. METHODOLOGY
1. Collection of literature about foamed concrete and fly
ash
2. Material procurement and collection: Cement, Foam,
and fly ash

Testing: Specific gravity, Absorption test etc.
Concrete mix design

Experimental set up

Wall Casting, Curing and testing of walls
Observation

Result and Discussion

Conclusion and Future work

Step 1 — Raw Material Preparation- hollowcore wall
manufacturing process starts with raw material
preparation. List of raw materials and relevant details are
mentioned below-

Pouring Mixture

Blocks Casting on Mould

Demoulding

Steam Curing for 12 Hours

Hollowcore Wall Ready For Sale

Cement- 53-grade Ordinary Portland Cement (OPC) from
r manufacturer is required for manufacturing hollowcore
wall.

Fly ash — Fly ash is mixed with water to form fly ash
slurry.

Foaming agent - Foam is a substance foamed by trapping
pockets of gas in liquid or solid. A bath sponge and the
head on a glass of beer are example of foam. In most
foam, the volume of gas is large, with thin films of liquid
or solid separating the region of gas. Foaming agents is
materials that facilitate formation of foam. The role of

e
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foaming agents in foamed concrete is to create small and
enclosed air bubble by reducing the surface tension of a
solution and increasing the stability of air bubble.
Fiberglass mesh net- With high strength, durable service
and excellent property against acid and alkali, fiberglass
mesh net is the alternative to steel mesh for exterior and
interior concrete wall rendering. Fiber reinforcement
mesh enjoys easy operation, material saving, long life, it
is the ideal energy -saving insulation materials.

Step 2 — Dosing and Mixing- After raw material
preparation, next step of wall manufacturing process is
dosing and mixing. Process of dosing and mixing means
the quality of final products. A dosing and mixing unit is
used to form the correct mix to produce hollowcore wall.
Fly ash is pumped into a container. Once the desired
weight is poured in, pumping is stopped. Foaming agent
is mixed with fly ash by using foam generated machine.
Dosing unit releases this mixture as per set quantities into
molds.

Step 3 — Casting, Rising and Curing- Once mix of raw
materials is ready, it poured is in molds. High degree of
automation equipment, hydraulic opening and closing
Simple operation and high efficiency, low labor intensity.
The machine can also be equipped with vibrator system
for thick mortar. Using Q235 steel, thickness 4mm, it will
be welded on Horizontal worktable with pressing system
to leveling tolerance <Imm. The leveling tolerance after
all the Q235 steel plates after assembling will be
<3mm.The bottom steel plate for tongue, the aluminium
part with plastic coating for tongue profile to guarantee
the precision of tongue. The aluminum part will be fixed
on 6mm steel plates. Mound layer for top groove, the
aluminium part with plastic coating for tongue profile to
guarantee the precision of top groove. The Pipes, using
steel pipes inside. PVC pipe fixed outside.

Step 4 — Demoulding and Cutting —After 2 days, it is
ready to be demoulded and cut as per requirements. Once
a mould is out of pre-curing room, it is lifted by a crane
for demoulding operation. While all previous processes
like raw material preparation, dosing & mixing and
casting are pretty much same across all technologies,
demoulding and cutting process vary vastly depending on
technology provider. Differences in demoulding and
cutting process are also evident from different types of
molds required by different technology provider.

Flow chart -

=l

Fig.5 Flow chart of Hollowcore foam concrete.

IV. RESULT AND DISCUSSION

Test result of hollow core foam concrete wall having size

(2800x600x100  mm), weight (45kg), Density
(1400kg/cubic meter)

o, Particulars Fasult Uit

1. Compiressive strangth 556 mpa

2. Flexural streneth 0492 mpa

3. Sound inzuls tion 40 dE

4. Tharmal oomdnctivity 0173 W mk

5. Cost raduoes 30 %

V. CONCLUSION

1. The light weight concrete wall is suitable for sound
and heat insulation.

2. Most important advantages of light weight concrete
for the wall panel construction to form any shape and
size.

3. The cost of the light weight concrete panel wall is
very low as compare to normal wall.

4. The raw material for our panel is green material it’s

without asbestos and no radioactivity.

It is easy to install any storied building.

6. Itis very economic, construct in less time.

d
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Performance of Exterior Column Beam

Connections as built at site

L)

Chack far
updatas

Abhay Gujar, Sachin Pore

Abstract: Comparing performance of ill detailed and ductile
detailed connections as per IS: 13920 was the prime aim of this
study. It was by and large observed during literature review that,
usually investigations are done at laboratory casting and curing
conditions. How-ever, site conditions are grossly different from
laboratory conditions. It is a general experience that the ductile
detailing is rarely followed at site. Thus it was felt necessary to
investigate performance of such ill detailed constructions at site
testing conditions. Specimen for this experiment were
manufactured by site people at site conditions and cured at site
conditions. A 6-storied MRF constructed in Satara (IS: 1893,
Zone 3) was analyzed. An exterior column-beam connection from
first slab was chosen for assessment. Design for seismic
requirements was carried out referring to suggestions from latest
revisions of IS :1893 and IS: 13920. Four 0.3:1 scaled down
specimen from actually site sourced concrete and steel were
constructed. Out of the four, two were detailed as per actual site
practice. Two specimen were detailed as per 1S:13920. Specimen
were subjected to reverse cyclic displacement loading protocol. It
was observed that latest revisions from IS codes ensure that beam
fails prior to the connection. Overall performance characteristics
were seen improved in case of ductile detailed connections.

Keywords: Exterior Column beam Connection, Ductile
detailing, Ductility factor Experiment, 1S:13920, Non-ductile
detailing Reverse Cyclic loading, Scaled model, Site conditions,
Stiffness degradation.

I. INTRODUCTION

Deficiencies in the construction of structures are usually
not known until they are tragically exposed by unfortunate
testing events like earthquakes. Forensic investigation of past
seismic events worldwide has revealed the poor performance
of ill detailed structures and lack of “Capacity Design”
principles. Moment resisting frames (SMRF) built in India are
by-n-large vulnerable to lateral actions leading to brittle
collapse. Column beam joints are subjected to large inelastic
deformations when subjected to Severe reverse cyclic
displacements  during earthquakes. Ill-detailed joints
significantly jeopardize response of frames designed as SMR
frames. In order to reduce congestion, the detailing of
reinforcement around connection region is more vital.
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It is assumed during the analysis, that connections are
perfectly rigid and are capable of transferring stresses from
one structural element to other without failure. How-ever
severe shear stresses developed during earthquake loads, tend
to falsify this assumption regarding connection rigidity [9].
Recent earthquakes have revealed that failure of connection
leads to catastrophic failure even if members such as beam
and column are intact. It was also observed that exterior joints
are most vulnerable for failure. Therefore, ensuring ductility
as well as resilience of exterior connections is very important
in the seismic design of SMRF [2]. Effect of poor design and
constructional ill-detailing of connections is multiplied by
excessive deformation demands imposed by connecting
members during earthquakes. Resilience of members is
derived through their capacity to undergo inelastic
deformations without undergoing failure. Ill-designing and
detailing of connections leads to impounding failure even if
connecting members are properly designed and detailed.
Experiments on column beam assemblies reveal that
prevalent design and detailing practice on site leads to
extensive deterioration of connections.

experimental assessment of interior joints subjected to
various parameters like axial load, percentage of confining
reinforcement, characteristic strength of concrete, effect of
lateral ties, with respect to strength of connections was done
by [6]. Similarly, three interior column beam connections
with column loads varied between 10%, 5%, and 0% of its
axial load capacities were tested by [7]. Results revealed that
there was 22 % reduction in ultimate displacement when axial
load was decreased from 10 % to 0 %. The prime requirement
from the connection is that the plastic hinge shall be formed in
the beam prior to connection or the column. Thus flexural
strength of column should be more than that of beam to ensure
formation of plastic hinge in beam. Moreover, connection
should possess sufficient shear strength so that it does not fail
prior to column or beam. Confining reinforcement in
connection works as effective shear reinforcement, confining
joint region and restraining diagonal cracks. Experiments
have revealed that use of rectangular confining reinforcement
significantly improves resilience of external column beam
connections [18]. Hoop reinforcement and anchorage
requirements as per code often lead to reinforcement
congestion in and around the joint. More-over, the
development length requirements ask for larger member sizes
or smaller diameter bars, making the situation even worse.
There are many reasons why code provisions are not being
followed strictly by the construction
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industry as such, but practicality of the detailing
requirements is one of them. It is interesting to note that, in
spite of following all the code provisions, the intense diagonal
cracking around joint cannot be prevented. Studying effect of
axial load on connection capacity is not in purview of this
study, how-ever it is worthwhile to note that increased axial
loads increase shear capacity of the joint. Axial load reduces
principal stresses induced in connection region and thus
improving the shear capacity of the connection [1].

This work is an attempt to compare performance of ill

detailed and ductile detailed connections, especially
constructed as per site conditions.
im
im
im
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Q
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Fig. 1: Details of the frame analyzed
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II. EVALUATION OF COLUMN BEAM
CONNECTION

Length of columns is 3 m. Dimensions adopted were
600x300 mm. Beams are 3.6 m long with 300x600 mm size as
per design. Live load was assumed to be 3 kN/m2 along with
finishing load of 1 kN/m2. Wall thickness was assumed to be
230 mm. Grade of concrete assumed was M20 and grade of
Steel used was Fe 415. Plane frame analysis was done for the
frame shown in Fig.1. IS 456, IS 13920 and IS 1893 were
referred to for design and ductile detailing of transverse
reinforcement.

III. DESIGN OF BEAM COLUMN ASSEMBLY

A. Reinforcement details

A 6-storied SMRF in Satara (zone 3) resting on class II soil
was analyzed. Design parameters like axial load, bending
moment and shear forces around selected connection were
calculated. The joint marked “P as shown in Fig. 1 was
selected for design. Design SF and BM for critical load
combinations for beam PQ were 153.99 kN, 137.74 kN-m
respectively. Shear reinforcement for beam PQ was
calculated and detailed based on relevant codes and is shown
in Table 1.1t was practically not possible to construct and test,
full sized assembly as per design. Hence it was decided to
proportionately scale down the designed connection.
Designed connection was scaled down to 0.3:1 of its size, as
illustrated in Table 2. The details of scaled down specimen,
reinforcement in connection and connecting members are
depicted in Fig. 2 and Table 2. Specimens in Group 1 were
cast with reinforcement ill- detailed as per site condition (HD
1,2). Second Group was detailed as per 1S:13920 (FD 1,2).
All specimens were subjected to cyclic displacement at the tip
of beam as shown in Fig2, until failure.
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Table 1: Reinforcement: Full size assembly

Column Beam Joint
Longitudinal Transverse Longitudinal Transverse Transverse Remarks
Reinforcement | Reinforcement | Reinforcement | Reinforcement | Reinforcement
6 © 20mm ¢ 8mm @ 3(?020a$n ¢ 8mm @ ¢ 8mm @ as per IS:
¢ 120.0 mm c/c p 1200mmc/c | 120.0 mm c/c 13920
bottom)
3 ¢ 20 mm as per
¢ 8mm @ ¢ 8mm @ ¢ 8mm @ .
6 ¢ 20mm 120.0 mm c/c (top and 120.0 mm c/c 120.0 mm c/c bul.lt at
bottom) site
Table 2: Reinforcement: Scaled Down Specimen
Column Beam Joint
Specime
n Longitudinal Transverse Longitudinal Transverse Transverse Remarks
Reinforcement | Reinforcement | Reinforcement | Reinforcement | Reinforcement
3 ¢ 6mm i
FD 1 6 ¢ 6mm” ¢ 2mm @ i ¢ 2mm @ ¢ 2mm @ reianc(:E:EE:Et as
- ¢ 40mm c/c (top and 40mm c/c 40mm c/c i
bottom) per IS: 13920
3 ¢ 6mm i
FD 2 6 @ 6mm ¢ 2mm @ . ¢ 2mm @ ¢ 2mm @ reianc(:E:EE:Et as
- ¢ 40mm c/c (top and 40mm c/c 40mm c/c i
bottom) per IS: 13920
3 ¢ 6mm i
HD 1 6 @ 6mm ¢ 2mm @ i ¢ 2mm @ ¢ 2mm @ reianc())E:EElelEt as
- ¢ 40mm c/c (top and 40mm c/c 40mm c/c . .
bottom) per built at site
2mm @ 3 ¢ 6mm 2mm @ 2mm @ Confining
HD 2 6 @ 6mm M ¢ M ¢ reinforcement as
40mm c/c (top and bottom) 40mm c/c 40mm c/c . .
per built at site
/Fully Ductile (15 13320} A
3- 6 € bais 75 mm
&0mm
 —
7
\
180 mm
b
| 660mm ;
\ 2mm @ - 2 leggad stimips
3. 6mm @ bars @40 ol
180 mm
[QD mm

(a).Reinf. details as per site condition
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/Fully Ductile (S 13520) A
3- 6mm & bars 75 mm
&0 mm
’ w
1
1873

M, .

| 660 mm |

\3- &mm @ bars
TQD mm

180 mm

2mm @ - 2 legged stimups

€ 40mm cfe

(b) Reinf. details as per IS 13920
Fig. 2: Scaled down Specimen.

IV MAUFACTURE OF SPECIMEN

A.Formwork and Casting

Wooden molds were prepared as shown in Fig. 3(b).
Reinforcement was detailed as shown in Fig 3(a). Loading
and end regions of reinforcement cage were strengthened in
order to avoid edge disturbances. Casting was done using
OPC (53 grade) cement. Crush sand (medium type) as
available at site along with coarse aggregate as available at
site was used for preparation of concrete. Site supervisor was
instructed to prepare mix for M20 concrete as per their
standard site practice. It was observed that water-cement ratio
was used as 0.5 as per site conditions.150mm and 90 mm
cubes were cast to ascertain characteristic strength of
obtained mix. The 28-day average compressive strengths
from 150 mm and 90 mm cube test was found out to be 24.62
N/mm2 and 28.11 N/mm?2 respectively. Average yield stress
of reinforcement tested was 432 N/mm2. All the specimens
were cast either in horizontal or vertical position on the same
day. Specimens were de-shuttered after 24 hours and cured at

elements at site conditions.
—

E N A\ \/ ‘ |
(a) Reinforcement details

(b). Form work f0r>casting
Fig. 3: Reinforcement and Setup for casting

B. Test procedure

Specimen was kept horizontal on specially fabricated load
frame. The hand operated mechanical jack, load cell and
digital venire caliper were used for testing. Each connection
specimen was tested under reversed cyclic displacement
loading. Both ends of the columns were fixed. The beam was
loaded at tip as shown in Fig. 2 and as per displacement
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loading protocol as shown in Fig. 4(b).The connection region
was marked with 25 mm x 25 mm grid to understand extent of
cracking in the region.

Seismic capacity of RC element is measured in terms of
Ductility i.e. capacity to undergo inelastic deformation
without undergoing failure, strength to with stand loadings in
elastic region and the resilience. Resilience is the capacity to
dissipate energy without failure. With the increase in number
of cycles and increase in amplitude of cycles, it was expected
that all these performance markers will tend to decrease.
[1],[18]. It was decided to load the connection to its ultimate
capacity. Thus the displacement cycle was chosen to increase
in multiples of 2 mm. The specimen was first displaced up to
(+)2 mm and then in the reverse direction up to (-)2 mm. The
amplitude of subsequent cycles was increased in multiples of
2 mm. To record the loads precisely, load cell with the least
count of 1kg was used. The setup was instrumented with a
digital Vernier with the least count of 0.1 mm to measure the
deflection at the loading point. The readings were recorded in
tabular form and various graphs were plotted with the use of
spreadsheets.

Lndye

(a)Test Setup (b) Loading protocol

Fig. 4.
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V. OBSERVATIONS AND REMARKS

A. FD 1: Specimen with bars detailed as per 1S:1392

Vv

‘ First yield FO_1 9

\

Load (kN
e o @

o4
12108 64004 68101214161820002

Dis placement (yam)

SN

10
s |
(a).Hysteresis loop of FD 1 (b) Failure pattern of FD 1
Fig. 5: Observations for FD 1
Fig. 5 (a) shows Hysteresis loop of FD 1 and Fig.5 (b) shows
failure pattern of FD 1. First shear crack developed during
first cycle of loading. Yield load for positive and negative
direction was found to be 7.01 kN and 7.89 kN respectively.
Ultimate load for positive direction was 10kN and for
negative direction was 10.88kN. After yield load plastic
deformation started. Specimen failed by vertical crack at
connection. Also cracks in beam region were seen. How-ever
it was noted that no crack formation occurred in joint region.
A vertical cleavage can be clearly seen in Fig.5(b).

B. FD 2: Specimen with bars detailed as per 1S:13920

1 FD_2

Load (kH)

20 0 <10 <16 <18 <13 00

s 4 ., 6000

‘1

(a)Hysteresis loop of FD 2

(b) Failure pattern of FD 2
Fig. 6: Observations for FD 2

Fig 6. (a) shows Hysteresis loop of FD 2 and Fig.6 (b) shows
failure pattern of FD 2. Yield load of positive and negative
direction was 6.67 kN and 7.45 kN respectively. Ultimate
load in positive direction was 9.46 kN and in negative
direction was 10.59 kN After yield load, Specimen failed by
vertical cracks at connection. There were no cracks in the
connection region. Also, no spalling or cracking was observed
around beam hooked bar region. So there was no slip between
rebar and concrete.

C. HD 1 : Specimen with bars detailed as per site
condition.

Fig. 7.(a) shows Hysteresis loop of HD 1 and Fig. 7(b) shows
failure pattern for HD1. Yield load in positive and negative
direction was 6.03 kN and 7.06 kN. respectively. Ultimate
load in positive direction was 8.33 kN and in negative
direction was 8.77 kN. progressive diagonal cracks were seen
to develop in connection region. Concrete around hooked
region of bar was seen cracking and spalling due to slip of bar.
This was due to inadequate development length of hooked
bar. Final failure was due to vertical separation at beam
column interface
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(a) Hysteresis loop of HD 1 (b) Failure Pattern of HD1
Fig. 7: Observations for HD1 .

D. HD 2: Specimen with bars detailed as per site
condition.

n

k=3

Load (kN)

NP8 F430 746 VRNRBBINN

Dis placement (naw)

D . K TR
A
-

(a)Hysteresis loop of HD (b) Failure pattern of HD2

Fig. 8: Observations for HD 2
Fig.8(a) shows Hysteresis loop of HD 2 and Fig. 8(b)shows
failure pattern of HD 2. Yield load in positive and negative
direction was 6.33 kN and 7.4 kN respectively. Ultimate load
in positive direction was 9.12 kN and negative direction was
9.56 kN. Diagonal connection cracks and vertical cleavage at
beam column interface were typical for this ill detailed
specimen also.

VI. RESULT ANALYSIS

A. Hysteresis Loops

The displacement hysteresis loops for the various
specimens are shown in Fig 5 thro 8. It can be observed from
Table 3 that ultimate LCC (Load carrying capacity) for
ductile detailed joints was more than those for ill detailed
connections.

Table 3. Ultimate and Yield LCC

Displacement (mm)
. Yield Load Ultimate Load
Speci — - — :
Positiv Negati Positiv Negati
men
e ve e ve
Direction | Direction | Direction | Direction
FD 1 7.01 7.89 10 10.88
FD 2 6.67 7.45 9.46 10.59
HD 1 6.03 7.06 8.33 8.77
HD 2 6.33 7.4 9.12 9.56

513 & Sciences Publication

Energy dissipated by the specimen during a particular cycle
is calculated from area under load displacement curve for that
cycle.
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The area under any loop can be calculated with the help of
spread sheets.

Based on trapezoidal rule the area under curve is divided in
multiple trapezoids of small widths. Total area under the
curve can be calculated by a macro developed in spreadsheet
as summation of all strip areas under the loop. Table 4 shows
the step-wise and cumulative energy dissipation for all
specimens. The highest energy dissipated was 92.77 kN-mm
for Specimen FD1. Average Cumulative energy dissipation of
FD specimen was 10.95% more than HD.

B. Energy Dissipation

Energy dissipated by the specimen during a particular cycle is
calculated from area under load displacement curve for that
cycle. The area under any loop can be calculated with the help
of spread sheets. Based on trapezoidal rule the area under
curve is divided in multiple trapezoids of small widths. Total
area under the curve can be calculated by a macro developed
in spreadsheet as summation of all strip areas under the loop.
Table 4 shows the step-wise and cumulative energy
dissipation for all specimens. The highest energy dissipated
was 92.77 kN-mm for Specimen FD1. Average Cumulative
energy dissipation of FD specimen was 10.95% more than
HD.
Table 4. Energy Dissipation

Energy Dissipation/cycle Cumulativ
¢ Energy
Dissipation

Mean

Cycle 1 | Cycle2 | Cycle3 | Cycled | Cycles rise

FD_1 10.58 16.02 19.30 28.39 20.84 95.13

92.77

FD_2 10.27 15.25 18.73 26.38 19.79 90.42

10.95

HD_1 9.76 13.63 16.30 24.00 16.73 80.42

83.62

HD_2 10.17 14.76 17.68 25.84 18.36 86.82

C. Envelope

Envelope is locus joining peaks of all cycles. Yield load and
ultimate load can be observed from envelope. Fig 9(a) and (b)
show envelope of specimen FD and HD. Peak and yield loads
are mentioned in Table No. 3.

HD

Load ()

10 T4 6 8 1012141618202224
Dugplacement (rmm}
HD_1

Displacement (rmm)

FO_1
o

HD_2

1

—— MsanofFD_{ andF0)_3
12 Mean of HD_1 and
HD 2

(a)Envelopes for FD (b) Envelopes for HD
Fig. 9: Envelopes for FD* and HD*

D.

Stiffness is load required to create unit deformation at the tip
of beam. Slope of line joining peak of each cycle to origin is
stiffness for that cycle. Stiffness thus calculated for each cycle
is shown in Fig 10(a) and (b). It was observed that stiffness
was highest for FD* (ductile detailed) specimens as compared
to HD* (ill-detailed) specimens. Also stiffness degradation
was comparatively more steep for HD specimens compared to
FD specimens.

Stiffness degradation
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(b) HD Specimen

(a)FD Specimen
Fig. 10. Stiffness degradation

E. Displacement Ductility

Ratio of Ultimate load to yield load is termed as displacement
ductility. Table 5. depicts ductility ratios for FD* and HD*
specimen. Mean ductility of FD and HD specimens was 1.42
and 1.34 respectively. Displacement ductility of FD specimen
was 5.57% more as compared to those for HD specimens.
Displacement ductility is measure of inelastic deformation
capacity of the specimen.
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Table 5. Displacement Ductility

Displacement (mm) Displacement
Specimen Yield Ultimate Ductility Average Mean %
Positive Negative Positive Negative Positive Negative Ductility | Ductility rise
Direction | Direction | Direction | Direction | Direction | Direction
FD 1 7.01 7.89 10 10.88 1.27 1.55 1.41 ”
FD 2 6.67 7.45 9.46 10.59 1.59 1.27 1.43 56
HD_1 6.03 7.06 8.33 8.77 1.18 1.45 1.32 134
HD 2 6.33 7.4 9.12 9.56 1.23 1.51 1.37

F. Joint Shear Stress
Capacity of a connection to resist horizontal shear stress is
given by (1)[2].

p [Ly Ly+05Dc

Tacris calculated as 0.083"‘3{*«:}1 fc Mpa, where fc is
compressive strength in MPa and 7y is 15 for exterior joints.
Joint shear capacity of FD specimen was more than HD
specimen by about 14.39% . Table 6 shows Joint shear stress

jh Al | db L for all specimens.
607 ) B > S T ([ — (1)
Table 6: Joint Shear Stress
Positive Negative
Ultimate Tin/ Ultimate Tin/ Avg.
Specimen P Tin 1 P Tjn ] Shear | Mean | % rise
Load P, Tacr | Load Py TACI | Stress
kN kN
FD 1 10 3.47 0.60 10.88 3.78 0.65 3.63 355
FD 2 9.46 3.68 0.63 10.59 3.29 0.57 3.48 ’ 14.39
HD 1 8.33 2.89 0.50 8.77 3.05 0.53 2.97 3.11
HD 2 9.12 3.17 0.55 9.56 3.32 0.57 3.24
VII. CONCLUSIONS REFERENCES

Aim of this exercise was to evaluate performance of exterior
connections as constructed at site conditions. Two discrete
sets of connections were manufactured. One designed and
ductile detailed as per the IS 13920 and other ill detailed as
constructed at site.

All specimens ultimately failed due to the cracks at interface
of beam and column.

— The connection region was free from cracks except for
some hairline cracks in case of connections detailed as per IS
13920.

— Specimens having special confining reinforcement as per
IS 13920 had improved resilience as compared to those with
ill detailed reinforcement.

— Diagonal cracks were seen in joint region of ill detailed
specimen indicating inadequate shear and rotation capacity of
the joint.

— Concrete spalling and cracking was seen around hooked
bar region indicating slip of reinforcement due to inadequate
anchorage in ill detailed specimen.

— It was concluded from the observations that overall energy
dissipation and ultimate load characteristics of a connection
improves substantially due to ductile detailing of
reinforcement as per IS 13920.

— Il detailed connections as built at site have inadequate
capacity to act as a rigid interfacing element for beam and
columns.

— Ductile detailed connections have better inelastic
deformation capacities and hence would perform better
during seismic activity.

Retrieval Number: D1371029420/2020C©BEIESP
DOI: 10.35940/ijitee.D1371.029420
Journal Website: www.ijitee.org

515

1. C.E. Chalioris, M.J. Favvata and C.G. Karayannis, “Reinforced
concrete beam-column joints with crossed inclined bars under cyclic
deformations,” J. Earthquake Engineering and Structural Dynamics,
Vol. 37, pp. 881-897, 2008.

2. C.V.R Murty, C. R. Durgesh, K. K. Bajpai and S. K. Jain,
“Effectiveness of reinforcement details in exterior reinforced concrete
beam column joints for earthquake resistance,” ACI structural journal,
Vol. 100(2), pp. 149-155, 2003.

3. G.M.S. Alva, A. L. H. De Cresce El Debs, “An experimental study on
cyclic behaviour of reinforced concrete connections,” Can. J. Civ.
Eng., Vol. 34, pp. 565-575, 2007.

4.  G. Meteli, F. Messali, “A model for beam column corner joints of
existing RC frame subjected to cyclic loading,” Engineering Structures
(Elsevier), Vol. 89, pp. 79-92, 2015.

5. Hitoshi Shiohara, “New model for shear failure of RC interior
beam-column connections,” Journal of Structural Engineering
(ASCE), Vol. 127(2), pp. 152-160, 2001.

6. J. Bonacci and S. Pantazo poulou, “Parametric investigation of joint
mechanics,” ACI Structural Journal, Vol. 90(8), pp. 61-71, 1993

7. M.S. Agbabian, Higazy E.M. Higazy, A. M. Abdel-Ghaffar and A.S.
Elnashai, “Experimental observations on the seismic shear
performance of R/C beam-to-column connections subjected to varying
axial column force,” Earthquake Engineering and Structural
Dynamics, Vol. 23, pp.859-876, 1994.

8. Morteza Omidi, Farhad Behnamfar, “A numerical model for
simulation of RC beam-column connections,” Engineering Structures
(Elsevier), 81, 51-73, 2015.

9. N. Subramanian and P.D.S. Rao, “Seismic design of joints in RC
structures-a review,” Indian Concrete Journal, Vol. 77(2), pp. 883-892,
2003.

10. P. Rajaram, A. Murugesan, G. S. Thirugnanam, “Experimental Study
on behaviour of Interior RC Beam Column Joints Subjected to Cyclic
Loading,” International Journal of Applied Engineering Research, Vol.
1, pp. 49-58, 2010.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

Performance Of Exterior Column Beam Connections As Built At Site

Peizhou Zhang, Shuang Hou, Jinping Ou, “A beam-column joint
element for analysis of reinforced concrete frame structures,”
Engineering Structures (Elsevier), 118, 125-136, 2016.

R. Y. C. Huang, J. S.Kuang, “Shear strength of exterior wide beam
column joint with different beam reinforcement ratios,” Journal of
Earthquake Engineering, 2018.

S. M. Kulkarni, Y. D. Patil, “A novel reinforcement pattern for exterior
reinforced concrete beam-column joint,” Engineering Structures
(Elsevier), 51, 184-193, 2013

S. Rajagopal, S. Prabavarthy ,“Seismic behavior of exterior beam
column joint using mechanical anchorage under reversal loading: An
experimental study,” IJST Transactions of Civil Engineering, Vol. 38,
pp. 345-358,2014.

Salim Barbhuiya, Abdul Munim Choudhury, “A study on the size
effect of RC beam-column connections under cyclic loading,”
Engineering Structures (Elsevier), Vol. 95, pp. 1-7, 2015.

Shao-Bo Kang, Kang Hai Tan, “A simplified model for reinforced
concrete beam-column joints under seismic loads,” Institution of Civil
Engineers (ICE), pp. 1-15, 2017.

Siva Chidambaram K. R, Thirugnanam, “Comparative study on
behavior of reinforced beam column joints with reference to anchorage
detailing,” Journal of Civil Engineering Research, Vol. 2(4), pp. 12-17,
2012.

C. Karayannis, G. Sirkelis and P. Mavroeidis, “Improvement of
seismic capacity of external beam-column joints using continuous
spiral shear reinforcement” SthConference on ‘Earthquake Resistant
Engineering Structures , Skiathos, Greece, WIT press, pp. 147-156,
2005.

IS 456:2000 Plain and Reinforced Concrete.

IS 13920 (1993) Ductile Detailing of Reinforced Concrete Structures
Subjected to Seismic Forces.

IS 1893(Part-1): 2016 Criteria for Earthquake Resistant Design of
Structures.

S. M. Pore,” Performance based seismic design of low to medium rise
buildings for India”, PhD Thesis, department of earthquake
engineering, L1.T. Roorkee, India. 2007.

AUTHORS PROFILE

( \ Abhay Gujar*

Research Scholar, Department of civil Engg. DBATU
Lonere, Maharashtra, India Tel.: +919822082691

E-mail: abhay.gujarl @gmail.com

—
( \ Dr. Sachin M. Pore, Associate Professor and Head of
@ Civil Engineering Department, Dr. Babasaheb Ambedkar
Technological University (DBATU) Lonere (Raigad),
Mabharashtra
—

Retrieval Number: D1371029420/2020©BEIESP

DOI: 10.35940/ijitee.D1371.029420 516

Journal Website: www.ijitee.org

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation


mailto:abhay.gujar1@gmail.com
mailto:abhay.gujar1@gmail.com

OPEN ACCESS

International Journal of Innovative Technology and Exploring Engineering (IJITEE)
ISSN: 2278-3075 (Online), Volume-9 Issue-3, January 2020

Intelligent Transportation using Deep Learning

Vijay Bhanudas Gujar

Abstract: The goal of this paper is to advance intelligent
transportation program through the creation of a data collection
system, a Convolutional Neural Network (CNN) model for
intelligent transportation, and a simulator to test the trained CNN
model. The data collection system collects data from a vehicle-
steering wheel angle, speed, and images of the road from three
separate angles at the time of the data collection. A CNN model is
then trained with the collected data. The trained CNN model is
then tested on a simulator to evaluate its effectiveness.

Keywords: Convolutional Neural Network (CNN), Data
Collection System, Deep Learning, Neural Network, Simulation.

I. INTRODUCTION

The field of intelligent transportation is currently one of the
most prominent and popular fields in the industry, it is a field
with lots of room to grow and develop. This paper creates a
wide variety of possible future directions. The first possible
direction being the completion of the real world 3D simulator,
at task that proved to be out of the scope of this project-
however it is a task that would be well suited as the focus of a
future project building on the progress completed here.
Another obvious and compelling direction being the
implementation of the trained CNN model not only on a
simulator but also a real active vehicle. Furthermore, a small
car model could also be used to collect and test data from,
barring access to a fully sized active vehicle. The goal of this
project was to advance intelligent transportation program
through the creation of a data collection system, a
Convolutional Neural Network (CNN) model for intelligent
transportation, and a simulator to test the trained CNN model.
By developing these tools, it was our aim to further enhance,
advance, and aid intelligent transportation program.

A. Current State of the field

Intelligent transportation has become a very prominent
field in the automotive industry. This has led to a huge influx
in funds allocated to researching and developing new and
more efficient technologies for intelligent transportation,
Convolutional Neural Network models, and intelligent
transportation simulators similar to this paper.
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Data from three front facing cameras and a vehicle's
steering wheel angle; both project then proceed to feed this
information to a neural network that utilizes pattern
recognition to train itself. However, the two projects differ in
terms of simulation. While NVIDIA utilizes prerecorded
video to approximate how its network model would operate,
this paper evaluates its progress through the use of a 3D real
time simulation. In addition, this paper is also capable of 3
training its neural network through the use of data collected
in-simulation as well as real world data.

B. Proposed Design and Contributions

This paper was composed of three major core components:
(1) the creation of data collection system, (2) a Convolutional
Neural Network (CNN) model, and (3) a simulator. (1) The
data collection system proposed would be used to collect data
from an active vehicle in real time, it would collect the
steering wheel angle, speed, and images of the road from three
separate angles. (2) The CNN model proposed would then be
trained with the collected data from the vehicle. (3) The
simulator would test/evaluate the effectiveness of the data
collection system trained CNN model in a safe and controlled
environment.

Data Collection Simulator

System /

/V

Figure 1 Proposed Design

Deep Neural
Network (DNN)

The result of this paper was proposed to be a modular
collective system for intelligent transportation that could be
implemented and tested in a variety of different vehicles to
collect data, create models based of the data, and then test the
data in the controlled environment of a simulator.

C. Main Goal

The goal of this paper was to advance intelligent
transportation program through the creation of a data
collection system, a Convolutional Neural Network (CNN)
model for intelligent transportation, and a simulator to test the
trained CNN model. By developing these tools, it was our aim
to further enhance, advance, and aid intelligent transportation
program. This paper was composed of three core components:
the data collection system, a Convolutional Neural Network
(CNN) model, and a simulator.

The data collection system was used to collect data from an
active vehicle in real time; it collected the steering wheel
angle, speed, and images of the road from three separate
angles.
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The CNN model was then trained with the collected data
from the vehicle or with available datasets online. Then,
having collected the data and trained a CNN model with it, the
trained model was then tested in a simulator to evaluate its
effectiveness in a safe and controlled environment.

The main objective of this project was to create a modular
collective system for intelligent transportation that could be
implemented and tested in a variety of different vehicles to
collect data, create models based of the data, and then test the
data in the controlled environment of a simulator. This
objective was broken down into three sub objectives.1 Data
Collection System Create a data collection system modular in
nature that can be placed on a test vehicle, used to collect data,
then removed and taken back to the lab for either further 7
in-house testing, modifications, repairs, or safekeeping.
Attaching and removing this data collection system should be
quick and easy to accomplish. 2. Convolutional Neural
Network Model Develop a Convolutional Neural Network
model that can be trained to operate a vehicle through real
data gathered by the data collection system. The
Convolutional Neural Network should also be able to be
trained by simulated data created in a simulation. The CNN
model should be capable of navigating in clearly marked
roads with good lighting conditions. 3 Simulator Develop a
simulator to test a developed CNN model. The simulator
should be capable of simulation a variety of driving
conditions, obstacles, and road variations.

Data Collection System: Data Collection System Design
When designing the data collection system one of the first
design aspects that needed to be decided upon was the
location of the cameras and the amount of cameras needed.
While having cameras located throughout the perimeter of the
vehicle (front, side, and back) would be beneficial for a
production vehicle, the scope of this project would not permit
it. Instead, the team decided to focus on the front of the
vehicle for the data collection system. In this data collection
system, three cameras would be placed near the front of the
vehicle, providing ample coverage of the road in front of the
vehicle. The cameras would be spaced out evenly on the
vehicle, with one two cameras near the outer edge of the
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vehicle and one located in the center. This positioning of the
cameras would provide the data collection system with a very
wide view of the road when all three camera images were
stitched together. final step in the data collection system
design was determining a way of synchronizing the images
collected by the cameras with the speed and steering wheel
angle collected through the OBDII port.

In order to accomplish this, it was determined that the
computer program for synchronizing the multiple cameras
and the computer program for querying the vehicle for the
speed and steering wheel angle would have to be merged
together.

OBD II- On Board Diagnostics Background On-board
diagnostics- commonly referred to as OBD- is a feature
available in all modern vehicles which allow them to perform
self-diagnosis and provide vehicle reports to the user and/or
manufacturer. OBD provides the user with detailed vehicle
information from a variety of topics including but not
restricted to: car speed, steering wheel angle, fuel and air
detection, ignition, emissions control, transmission control,
and vehicle state (drive, reverse, park, neutral). Because of
these capabilities, OBD technology is often used by car
owners and car manufacturers to provide simple diagnostic
codes which allow the user to quickly identify problems with
the vehicle. OBDII are traditionally found and positioned in a
location below the steering wheel and are usually hidden or
covered by a removable compartment for ease of access.
OBDII connectors are 16-Pin D-shaped connectors that
transmit data over a CAN-bus protocol producing 4-digit
hexadecimal PIDs (parameter IDs) for the user to read. While
the method of transmission is standard, manufacturers are not
required to standardize the description of each individual PID
value. Resulting in a wide range of vehicle specific PID
values that make it incredibly difficult to decipher the PID’s
description without direct information from the vehicle
manufacturer.

II. CONVOLUTIONAL NEURAL NETWORK
MODEL FOR LANE KEEPING

A. Introduction to End-to-End Learning for Lane
Keeping

An end-to-end learning approach was implemented to
obtain a steering wheel angle output based on an input frame.
The Convolutional Neural Network model the team used was
based on the network.
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The model was trained on a Udacity dataset and was
evaluated by using the output to control the car in autonomous
mode- this was done on the Udacity simulator at a constant
speed.

The parameters of the neural network are optimized
automatically using backpropagation based on the mean
squared error between the predicted angle and the labeled
angle for the training image. Because the neural network is
self-optimized, labeling the lanes on the image and extracting
features manually is not needed, which makes pre-processing
the images much easier. If training data for an abundant
collection of road conditions are available, the prediction
given by the neural network will be very accurate

In this portion of the project, the team set about to develop
a Convolutional Neural Network model that could be trained
to operate a vehicle through real data gathered by the data
collection system and/or through pre-existing datasets. The
goal of this portion of the project was to create a CNN model
capable of navigating clearly marked roads or paths with good
lighting conditions. The section of the project is broken up
into two main sections. The first part details the creation of the
CNN model as well as the training of the model. The second
part consists of testing the CNN model created.

III. IMPLEMENTATION OF THE
CONVOLUTIONAL NEURAL NETWORK

To implement this convolutional neural network, Keras, a
high-level neural networks API, written in Python and
running on top of Tensorflow, was used. The neural network
structure was shown in the following image:
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For this implementation, the input images were
pre-processed before being fed into the neural network. First,
in pre-processing, the upper half of the images were removed
because the removed portion did not affect the result of lane
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keeping. Then the remaining images were shrunk by 0.5 to
reduce memory usage and training time. Next, the images
were converted from RGB to YUV. Finally, the images were
adjusted to zero mean and unit variance to ensure 31 that
convergence could be reached quickly. The code below
shows the process of preprocessing images:

Figure = Image Pre-Processing

Since three images were captured by left, center and right
cameras at each frame, the steering wheel angle
corresponding to the left image was decreased by 0.25 and the
angle corresponding to the right image was increased by 0.25.
By doing this, the captured images were able to be fully
utilized. The code used to implement the convolutional neural
network is shown in the following image:

The input image to the model has a size of 40 * 160. The
first convolutional layer has a patch size of 8§ * 8 with 16
output channels and a stride size of 4. Then, the outputs are
passed through a rectified linear unit (ReLU) layer. The
second convolutional layer has a patch size of 5 * 5, 32 output
channels and a stride size of 2. This layer is also followed by a
ReLU layer. The third convolutional layer has a patch size of
3 * 3, 64 output channels and a stride size of 2. Then, after
flattening, a dropout rate of 20% was applied and another
ReLU layer was added. Finally, four fully connected layers
with 1024, 512, 256 and 1 neurons were added to output the
steering wheel angle. Xavier initialization was used to
initialize the weight for all the layers. Using xavier
initialization ensures that the scale of initialization is based on
the input and output neurons. To compile and train the neural
network, the following code was used:

To compile and train the neural network, the following code was used:

The Adam optimizer, which is a method for stochastic
optimization, provided by Keras, was used to optimize the
neural network.
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And mean squared error between the predicted and labeled
angle was used as a loss function. In order to train the
network, training data captured 33 from Udacity simulator
was used. A figure showing the steering wheel angle
distribution of the training data was shown below:
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Figure 20 Steering Wheel Angie Distribution

From the distribution, we can tell that in most frames, the car
is driving nearly straight, which means that the steering wheel
angle is 0. Since there were not enough training data on sharp
turns, the car did not perform very well when encountering a
very sharp turn. Overall, 30 epochs of training were
performed on all the training data with a batch size of 64 and
16 epochs of training were performed on the images with
steering wheel angle not equal to 0.

IV. RESULT AND DISCUSSION

In order to evaluate the convolutional neural network, a
variety of test was conducted. The first test was done through
the use of an online framework called ‘DeepTesla’ was used.
DeepTesla is a online platform for testing end-to-end steering
models. The code used in DeepTesla is shown in the

following figure:

2 “network® 1 [

] { “type" : “input”, "out_sx" : 200, “out_sy" : 06, “out_depth® : 3},

4 { “type" : * 1§, *ilters" : 16, “stride* : 2, "pad" : 2, "activation* ! ‘relu" },

5 { "type" : "po 1 3, "stride” : 2},
( “type" : * *sx* : 3, “filters" : 32, *stride* : 2, "pad" : 2, "activation® : *relu" },
{ “type" ! “co 3, "Mlters” ! 64, “stride® : 2, "pad" : 2, “drop_prob" : 0.2,

"activation” elu” },

{ “type" i “fc", "num_neurons”: 1024, “drop_prob*: 0.3, "activation” : “relu"},
{ “type" : “fe", “num neur 512, "drop_prob": 0.5, “activation" : "relu*),
{ *type" @ “fc*, "num_neurons®: 256, “activation® ! ‘relu"},
{ “type" : “regression®, “mm_neurons" : 1}

T

4 "tralner® | { "method" : "adadelta", "batch_size” : 32, *12_decay® ! 0.0001 }

Figure 3 CNN Test Code

Since the input images from DeepTesla had different sizes
than the training images the team used in the project, the patch
size of the first convolutional layer was changed to 5 and a
pooling layer with patch size 3 and stride 2 was added. The
following plot shows the change of mean squared error as the
number of training images fed to the neural network
increased:
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As the plot above shows, the mean squared error decayed as
the network was fed by more images. After about 57k images
were used for training, the error reached a stable value of less
than 10. The following figures show visualizations of the
images generated by the first and second convolutional layers

along with the corresponding training image:
Activations (actual angle: -1.5, predicted angle: -1.9)

Figure  Training imoge, octual angle and predicted angle
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second, and it collects the steering wheel angle of the vehicle
at a rate
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From the figures above, one can tell that lane markings were
automatically extracted as features by the convolutional
layers. And the predicted angle was almost the same as the
labeled angle. After evaluating the convolutional neural
network on Deep Tesla online platform, the team proceeded
to do a second test, this time using the Udacity driving
simulator. Udacity is a machine learning specific simulation
tool with a simple design and environment; Udacity allows
users to both test and train CNN models. For this project,
Udacity driving simulator was used to determine whether the
neural network can successfully keep the car in lane. The
overall performance of the CNN model was good. The car
was able to drive a whole loop around the simulated track
without human intervention. The only problem experienced in
the simulation occurred when the vehicle encountered sharp
turns; in this case the steering wheel angle predicted by the
neural network was sometimes smaller than the actual angle
need so the car would drive out of lane for a very brief period
time before automatically adjusting back. A video showing
the convolutional neural network automatically keeping the
car in lane of 30 frames per second. This data can then be used
to construct a real-world driving simulator and can also be
used as the training data for our neural network. The
Convolutional Neural Network model also works as expected,
it is able to accurately and correctly produce the correct
steering wheel angle for any given image or frame of a video
that it is provided with. When provided with many images at a
faster than expected rate, the model does struggle and often
makes mistakes, however this is a problem that can be fixed
with more training epochs as well as some refinement of the
code. The simulator portion of the project was begun, with the
image calibration portion of the real world 3D simulator
completed; however due to time constraints the rest of the real
world 3D simulator was not able to be completed. However,
the team was still able to test the CNN through the use of the
Udacity simulator. Overall, this project has produced a
cohesive system of data collection, network model training,
and network model testing that can be used to advance WPI’s
intelligent transportation program.

Camera Calibration [Simulator]

1. Introduction To build a simulator using real world data, we
need to be able to transform a 3D world coordinate to 3D
camera coordinate, and also transform a 2cameracoordinateto
pixel coordinates in the image frame. As a result, it is
necessary for us to find the extrinsic matrix and intrinsic
matrix for the cameras we used.

2. Intrinsic Matrix In order to map the camera coordinates to
the pixel coordinates in the image frame, the intrinsic matrix
need to be found. The intrinsic matrix can be expressed as the
following:

imoges generated by the second convolut
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In this matrix, fx, fy represents the focal length in pixels. S
represents the skew coefficient between x and y axis and cx,
cy represents the offsets. To transform a camera based 2D
coordinate to 2D point in the image plane, the following
formula was used:

p i = K ; p ¢
where pi represents the homogenous pixels on the image
plane, pc represents the camerabased 3D coordinate and K
represents the intrinsic matrix.
3. Extrinsic Matrix Extrinsic matrix was used to transform a

3D world coordinate to a 3D camera coordinate. The extrinsic
matrix can be represented as the following:

R, .t

w,C wW,C

Rw,c in the formula represents the rotation matrix of the
camera system, and tw, c in the formula represents the
translation of the optical center from the origin of the world
coordinate. In order to transform a point from world
coordinate to camera coordinate, the following formula was
used:

p('=(RW,CtW.C>pW

where pc represents the 3D camera coordinate, pc represents
the camera-based 3D coordinate, Rw, ¢ represents the rotation
matrix and tw, ¢ represents the transformation matrix. Putting
the intrinsic matrix and extrinsic matrix together, a 3D world
coordinate can be transformed to pixel coordinate on image
plane. The following formula was used for this operation:

pi:K'(Rw.ctw.c)pw

In this formula, Kis a 3 by 3 matrix representing the intrinsic
matrix for the camera, (Rw, ctw, c)is a 3 by 4 matrix represe
the extrinsic matrix for the camera. Camera calibration was
done to 40 find the intrinsic matrix and the extrinsic matrix
using the measured image plane coordinates and the world
coordinates.
4. Implementation for finding camera parameters

Initially, ‘Camera Calibrator’ application from computer
vision toolbox in Matlab was used to find the camera
parameters for individual cameras. A problem for this
approach is that since there are small errors when calculating
intrinsic and extrinsic matrices, when the camera’ locations
were calculated based on camera parameters we got, it didn’t
correspond to the actual location of the cameras. Since the
relationships between cameras are already known, these three
cameras are treated as two sets of stereo camera, and the
‘Stereo Camera Calibrator’ application was used. This
application takes at least 10 images of checkerboard from a
pair of cameras as well as the size of the checkerboard. It will
automatically detect the cross points of checkerboard and
calculate the camera parameters.
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Also, the parameters needed to correct radial distortion will
also be given. Because the camera locations were now found
in groups, the result was more accurate.

The application with an image from left camera and one from
center camera was shown in the following:

The application with an image from center camera and one
from right camera was shown in the following:

Also, the translation matrices in world units and the rotation
matrices of left camera relative to center camera and of right
camera relative to center camera were found. Then, only the
extrinsic matrices for the center camera need to be found to
determine the extrinsic matrices for all three cameras.
Initially, we tried to put a checkerboard on the ground and use
the application to calculate the extrinsic matrix, but as the
figure shown in the following, the checkerboard was too small
to be clearly detected.

We then decided to use the endpoints and cross points of lane
markings on a parking lot as coordinates in world coordinate.
The following image was finally used to calculate the
extrinsic matrix of the center camera:
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Extrinsic motrix centér of comera

The coordinates of the endpoints and cross points were first
calculated according to the distances measured. Then, radial
distortion was corrected using the camera parameters
calculated by the application. The resulting image was shown
in the following

image correction

The following code was then used to calculate the extrinsic
matrices for the cameras:

182~ [rotatiooMatrix, translationvector] = extrinsics(img211(:,:), worldPoints(i, ), caneraParans{2});
18- camera®x{2} = [rotationNatrix;translationVactor];

164

165~ comeragx{
166 - camaraExl
187

188 - cameraBx(3) = cameralx{2)*rito2;
100« cameraix{3}(4,:)

ameraSx{ 2} #r 1t00;
) = cameraBx{1H4,:) + titof;

el
= conerabx{31{4,:) « tito2;

Coleufating Extrinsic Motrices

The function ‘extrinsics’ from computer vision toolbox in
Matlab was used to get the rotation matrix and translation
vector for the center camera. This function takes in the
coordinates of the points on the image without lens distortion,
the world points we calculated and the camera parameters we
got from the application. Then, based on the relationship
between left, center and right cameras, all three extrinsic
matrices were calculated.

The camera positions in the world coordinate were then
plotted to make sure that the extrinsic matrices were accurate.
The resulting plot was shown in the following:
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In this figure, the red circles represent the points we used,
the red, green and blue stars represent the left, center and right
cameras. The locations of the cameras shown in the figure
were very close to the actual locations of the cameras in the
chosen image.

V. CONCLUSION

The team succeeds in creating a data collection system and a
Convolutional Neural Network (CNN) model for intelligent
transportation. The simulator portion proved to be beyond the
scope of this paper; however substantial advances in the
simulator were made in the form of the camera calibration-
progress that can be built upon by future projects. The data
collection system produced excellent results, logging the
speed, steering wheel angle, and stitching three different
camera angles together. The Convolutional Neural Network
model is able to produce the correct steering wheel angle for
any given image it is provided with. The simulator portion of
the project was begun, with the image calibration portion of
the real world 3D simulator completed; however, the scope of
the real world 3D simulator proved to be too large and was not
able to be completed due to time constraints the rest of the real
world 3D simulator was not able to be completed. By
developing these tools, the team was able to enhance and
advance intelligent transportation program. This would result
in more efficient and robust data collection, CNN models, and
true to life tests.
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Intelligent Transportation using Deep Learning

Vijay Bhanudas Gujar

Abstract: The goal of this paper is to advance intelligent
transportation program through the creation of a data collection
system, a Convolutional Neural Network (CNN) model for
intelligent transportation, and a simulator to test the trained CNN
model. The data collection system collects data from a vehicle-
steering wheel angle, speed, and images of the road from three
separate angles at the time of the data collection. A CNN model is
then trained with the collected data. The trained CNN model is
then tested on a simulator to evaluate its effectiveness.

Keywords: Convolutional Neural Network (CNN), Data
Collection System, Deep Learning, Neural Network, Simulation.

I. INTRODUCTION

The field of intelligent transportation is currently one of the
most prominent and popular fields in the industry, it is a field
with lots of room to grow and develop. This paper creates a
wide variety of possible future directions. The first possible
direction being the completion of the real world 3D simulator,
at task that proved to be out of the scope of this project-
however it is a task that would be well suited as the focus of a
future project building on the progress completed here.
Another obvious and compelling direction being the
implementation of the trained CNN model not only on a
simulator but also a real active vehicle. Furthermore, a small
car model could also be used to collect and test data from,
barring access to a fully sized active vehicle. The goal of this
project was to advance intelligent transportation program
through the creation of a data collection system, a
Convolutional Neural Network (CNN) model for intelligent
transportation, and a simulator to test the trained CNN model.
By developing these tools, it was our aim to further enhance,
advance, and aid intelligent transportation program.

A. Current State of the field

Intelligent transportation has become a very prominent
field in the automotive industry. This has led to a huge influx
in funds allocated to researching and developing new and
more efficient technologies for intelligent transportation,
Convolutional Neural Network models, and intelligent
transportation simulators similar to this paper.
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Chack far
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Data from three front facing cameras and a vehicle's
steering wheel angle; both project then proceed to feed this
information to a neural network that utilizes pattern
recognition to train itself. However, the two projects differ in
terms of simulation. While NVIDIA utilizes prerecorded
video to approximate how its network model would operate,
this paper evaluates its progress through the use of a 3D real
time simulation. In addition, this paper is also capable of 3
training its neural network through the use of data collected
in-simulation as well as real world data.

B. Proposed Design and Contributions

This paper was composed of three major core components:
(1) the creation of data collection system, (2) a Convolutional
Neural Network (CNN) model, and (3) a simulator. (1) The
data collection system proposed would be used to collect data
from an active vehicle in real time, it would collect the
steering wheel angle, speed, and images of the road from three
separate angles. (2) The CNN model proposed would then be
trained with the collected data from the vehicle. (3) The
simulator would test/evaluate the effectiveness of the data
collection system trained CNN model in a safe and controlled
environment.

Data Collection Simulator

System /

/V

Figure 1 Proposed Design

Deep Neural
Network (DNN)

The result of this paper was proposed to be a modular
collective system for intelligent transportation that could be
implemented and tested in a variety of different vehicles to
collect data, create models based of the data, and then test the
data in the controlled environment of a simulator.

C. Main Goal

The goal of this paper was to advance intelligent
transportation program through the creation of a data
collection system, a Convolutional Neural Network (CNN)
model for intelligent transportation, and a simulator to test the
trained CNN model. By developing these tools, it was our aim
to further enhance, advance, and aid intelligent transportation
program. This paper was composed of three core components:
the data collection system, a Convolutional Neural Network
(CNN) model, and a simulator.

The data collection system was used to collect data from an
active vehicle in real time; it collected the steering wheel
angle, speed, and images of the road from three separate
angles.
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The CNN model was then trained with the collected data
from the vehicle or with available datasets online. Then,
having collected the data and trained a CNN model with it, the
trained model was then tested in a simulator to evaluate its
effectiveness in a safe and controlled environment.

The main objective of this project was to create a modular
collective system for intelligent transportation that could be
implemented and tested in a variety of different vehicles to
collect data, create models based of the data, and then test the
data in the controlled environment of a simulator. This
objective was broken down into three sub objectives.1 Data
Collection System Create a data collection system modular in
nature that can be placed on a test vehicle, used to collect data,
then removed and taken back to the lab for either further 7
in-house testing, modifications, repairs, or safekeeping.
Attaching and removing this data collection system should be
quick and easy to accomplish. 2. Convolutional Neural
Network Model Develop a Convolutional Neural Network
model that can be trained to operate a vehicle through real
data gathered by the data collection system. The
Convolutional Neural Network should also be able to be
trained by simulated data created in a simulation. The CNN
model should be capable of navigating in clearly marked
roads with good lighting conditions. 3 Simulator Develop a
simulator to test a developed CNN model. The simulator
should be capable of simulation a variety of driving
conditions, obstacles, and road variations.

Data Collection System: Data Collection System Design
When designing the data collection system one of the first
design aspects that needed to be decided upon was the
location of the cameras and the amount of cameras needed.
While having cameras located throughout the perimeter of the
vehicle (front, side, and back) would be beneficial for a
production vehicle, the scope of this project would not permit
it. Instead, the team decided to focus on the front of the
vehicle for the data collection system. In this data collection
system, three cameras would be placed near the front of the
vehicle, providing ample coverage of the road in front of the
vehicle. The cameras would be spaced out evenly on the
vehicle, with one two cameras near the outer edge of the
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vehicle and one located in the center. This positioning of the
cameras would provide the data collection system with a very
wide view of the road when all three camera images were
stitched together. final step in the data collection system
design was determining a way of synchronizing the images
collected by the cameras with the speed and steering wheel
angle collected through the OBDII port.

In order to accomplish this, it was determined that the
computer program for synchronizing the multiple cameras
and the computer program for querying the vehicle for the
speed and steering wheel angle would have to be merged
together.

OBD II- On Board Diagnostics Background On-board
diagnostics- commonly referred to as OBD- is a feature
available in all modern vehicles which allow them to perform
self-diagnosis and provide vehicle reports to the user and/or
manufacturer. OBD provides the user with detailed vehicle
information from a variety of topics including but not
restricted to: car speed, steering wheel angle, fuel and air
detection, ignition, emissions control, transmission control,
and vehicle state (drive, reverse, park, neutral). Because of
these capabilities, OBD technology is often used by car
owners and car manufacturers to provide simple diagnostic
codes which allow the user to quickly identify problems with
the vehicle. OBDII are traditionally found and positioned in a
location below the steering wheel and are usually hidden or
covered by a removable compartment for ease of access.
OBDII connectors are 16-Pin D-shaped connectors that
transmit data over a CAN-bus protocol producing 4-digit
hexadecimal PIDs (parameter IDs) for the user to read. While
the method of transmission is standard, manufacturers are not
required to standardize the description of each individual PID
value. Resulting in a wide range of vehicle specific PID
values that make it incredibly difficult to decipher the PID’s
description without direct information from the vehicle
manufacturer.

II. CONVOLUTIONAL NEURAL NETWORK
MODEL FOR LANE KEEPING

A. Introduction to End-to-End Learning for Lane
Keeping

An end-to-end learning approach was implemented to
obtain a steering wheel angle output based on an input frame.
The Convolutional Neural Network model the team used was
based on the network.
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The model was trained on a Udacity dataset and was
evaluated by using the output to control the car in autonomous
mode- this was done on the Udacity simulator at a constant
speed.

The parameters of the neural network are optimized
automatically using backpropagation based on the mean
squared error between the predicted angle and the labeled
angle for the training image. Because the neural network is
self-optimized, labeling the lanes on the image and extracting
features manually is not needed, which makes pre-processing
the images much easier. If training data for an abundant
collection of road conditions are available, the prediction
given by the neural network will be very accurate

In this portion of the project, the team set about to develop
a Convolutional Neural Network model that could be trained
to operate a vehicle through real data gathered by the data
collection system and/or through pre-existing datasets. The
goal of this portion of the project was to create a CNN model
capable of navigating clearly marked roads or paths with good
lighting conditions. The section of the project is broken up
into two main sections. The first part details the creation of the
CNN model as well as the training of the model. The second
part consists of testing the CNN model created.

III. IMPLEMENTATION OF THE
CONVOLUTIONAL NEURAL NETWORK

To implement this convolutional neural network, Keras, a
high-level neural networks API, written in Python and
running on top of Tensorflow, was used. The neural network
structure was shown in the following image:
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For this implementation, the input images were
pre-processed before being fed into the neural network. First,
in pre-processing, the upper half of the images were removed
because the removed portion did not affect the result of lane

Retrieval Number: C8455019320/2020C©BEIESP
DOI: 10.35940/ijitee. C8455.019320
Journal Website: www.ijitee.org

1621

International Journal of Innovative Technology and Exploring Engineering (IJITEE)

ISSN: 2278-3075 (Online), Volume-9 Issue-3, January 2020

keeping. Then the remaining images were shrunk by 0.5 to
reduce memory usage and training time. Next, the images
were converted from RGB to YUV. Finally, the images were
adjusted to zero mean and unit variance to ensure 31 that
convergence could be reached quickly. The code below
shows the process of preprocessing images:

Figure = Image Pre-Processing

Since three images were captured by left, center and right
cameras at each frame, the steering wheel angle
corresponding to the left image was decreased by 0.25 and the
angle corresponding to the right image was increased by 0.25.
By doing this, the captured images were able to be fully
utilized. The code used to implement the convolutional neural
network is shown in the following image:

The input image to the model has a size of 40 * 160. The
first convolutional layer has a patch size of 8§ * 8 with 16
output channels and a stride size of 4. Then, the outputs are
passed through a rectified linear unit (ReLU) layer. The
second convolutional layer has a patch size of 5 * 5, 32 output
channels and a stride size of 2. This layer is also followed by a
ReLU layer. The third convolutional layer has a patch size of
3 * 3, 64 output channels and a stride size of 2. Then, after
flattening, a dropout rate of 20% was applied and another
ReLU layer was added. Finally, four fully connected layers
with 1024, 512, 256 and 1 neurons were added to output the
steering wheel angle. Xavier initialization was used to
initialize the weight for all the layers. Using xavier
initialization ensures that the scale of initialization is based on
the input and output neurons. To compile and train the neural
network, the following code was used:

To compile and train the neural network, the following code was used:

The Adam optimizer, which is a method for stochastic
optimization, provided by Keras, was used to optimize the
neural network.
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And mean squared error between the predicted and labeled
angle was used as a loss function. In order to train the
network, training data captured 33 from Udacity simulator
was used. A figure showing the steering wheel angle
distribution of the training data was shown below:
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Figure 20 Steering Wheel Angie Distribution

From the distribution, we can tell that in most frames, the car
is driving nearly straight, which means that the steering wheel
angle is 0. Since there were not enough training data on sharp
turns, the car did not perform very well when encountering a
very sharp turn. Overall, 30 epochs of training were
performed on all the training data with a batch size of 64 and
16 epochs of training were performed on the images with
steering wheel angle not equal to 0.

IV. RESULT AND DISCUSSION

In order to evaluate the convolutional neural network, a
variety of test was conducted. The first test was done through
the use of an online framework called ‘DeepTesla’ was used.
DeepTesla is a online platform for testing end-to-end steering
models. The code used in DeepTesla is shown in the

following figure:

2 “network® 1 [

] { “type" : “input”, "out_sx" : 200, “out_sy" : 06, “out_depth® : 3},

4 { “type" : * 1§, *ilters" : 16, “stride* : 2, "pad" : 2, "activation* ! ‘relu" },

5 { "type" : "po 1 3, "stride” : 2},
( “type" : * *sx* : 3, “filters" : 32, *stride* : 2, "pad" : 2, "activation® : *relu" },
{ “type" ! “co 3, "Mlters” ! 64, “stride® : 2, "pad" : 2, “drop_prob" : 0.2,

"activation” elu” },

{ “type" i “fc", "num_neurons”: 1024, “drop_prob*: 0.3, "activation” : “relu"},
{ “type" : “fe", “num neur 512, "drop_prob": 0.5, “activation" : "relu*),
{ *type" @ “fc*, "num_neurons®: 256, “activation® ! ‘relu"},
{ “type" : “regression®, “mm_neurons" : 1}

T

4 "tralner® | { "method" : "adadelta", "batch_size” : 32, *12_decay® ! 0.0001 }

Figure 3 CNN Test Code

Since the input images from DeepTesla had different sizes
than the training images the team used in the project, the patch
size of the first convolutional layer was changed to 5 and a
pooling layer with patch size 3 and stride 2 was added. The
following plot shows the change of mean squared error as the
number of training images fed to the neural network
increased:
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As the plot above shows, the mean squared error decayed as
the network was fed by more images. After about 57k images
were used for training, the error reached a stable value of less
than 10. The following figures show visualizations of the
images generated by the first and second convolutional layers

along with the corresponding training image:
Activations (actual angle: -1.5, predicted angle: -1.9)

Figure  Training imoge, octual angle and predicted angle
Convolutional (100x33x16). paramesers: 1665cS5x3+16 = 1216
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second, and it collects the steering wheel angle of the vehicle
at a rate

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



OPEN aA{CESS

Activations

Weights:
D AR ST
filter size Sx5x3, stride 2
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From the figures above, one can tell that lane markings were
automatically extracted as features by the convolutional
layers. And the predicted angle was almost the same as the
labeled angle. After evaluating the convolutional neural
network on Deep Tesla online platform, the team proceeded
to do a second test, this time using the Udacity driving
simulator. Udacity is a machine learning specific simulation
tool with a simple design and environment; Udacity allows
users to both test and train CNN models. For this project,
Udacity driving simulator was used to determine whether the
neural network can successfully keep the car in lane. The
overall performance of the CNN model was good. The car
was able to drive a whole loop around the simulated track
without human intervention. The only problem experienced in
the simulation occurred when the vehicle encountered sharp
turns; in this case the steering wheel angle predicted by the
neural network was sometimes smaller than the actual angle
need so the car would drive out of lane for a very brief period
time before automatically adjusting back. A video showing
the convolutional neural network automatically keeping the
car in lane of 30 frames per second. This data can then be used
to construct a real-world driving simulator and can also be
used as the training data for our neural network. The
Convolutional Neural Network model also works as expected,
it is able to accurately and correctly produce the correct
steering wheel angle for any given image or frame of a video
that it is provided with. When provided with many images at a
faster than expected rate, the model does struggle and often
makes mistakes, however this is a problem that can be fixed
with more training epochs as well as some refinement of the
code. The simulator portion of the project was begun, with the
image calibration portion of the real world 3D simulator
completed; however due to time constraints the rest of the real
world 3D simulator was not able to be completed. However,
the team was still able to test the CNN through the use of the
Udacity simulator. Overall, this project has produced a
cohesive system of data collection, network model training,
and network model testing that can be used to advance WPI’s
intelligent transportation program.

Camera Calibration [Simulator]

1. Introduction To build a simulator using real world data, we
need to be able to transform a 3D world coordinate to 3D
camera coordinate, and also transform a 2cameracoordinateto
pixel coordinates in the image frame. As a result, it is
necessary for us to find the extrinsic matrix and intrinsic
matrix for the cameras we used.

2. Intrinsic Matrix In order to map the camera coordinates to
the pixel coordinates in the image frame, the intrinsic matrix
need to be found. The intrinsic matrix can be expressed as the
following:

imoges generated by the second convolut
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In this matrix, fx, fy represents the focal length in pixels. S
represents the skew coefficient between x and y axis and cx,
cy represents the offsets. To transform a camera based 2D
coordinate to 2D point in the image plane, the following
formula was used:

p i = K ; p ¢
where pi represents the homogenous pixels on the image
plane, pc represents the camerabased 3D coordinate and K
represents the intrinsic matrix.
3. Extrinsic Matrix Extrinsic matrix was used to transform a

3D world coordinate to a 3D camera coordinate. The extrinsic
matrix can be represented as the following:

R, .t

w,C wW,C

Rw,c in the formula represents the rotation matrix of the
camera system, and tw, c in the formula represents the
translation of the optical center from the origin of the world
coordinate. In order to transform a point from world
coordinate to camera coordinate, the following formula was
used:

p('=(RW,CtW.C>pW

where pc represents the 3D camera coordinate, pc represents
the camera-based 3D coordinate, Rw, ¢ represents the rotation
matrix and tw, ¢ represents the transformation matrix. Putting
the intrinsic matrix and extrinsic matrix together, a 3D world
coordinate can be transformed to pixel coordinate on image
plane. The following formula was used for this operation:

pi:K'(Rw.ctw.c)pw

In this formula, Kis a 3 by 3 matrix representing the intrinsic
matrix for the camera, (Rw, ctw, c)is a 3 by 4 matrix represe
the extrinsic matrix for the camera. Camera calibration was
done to 40 find the intrinsic matrix and the extrinsic matrix
using the measured image plane coordinates and the world
coordinates.
4. Implementation for finding camera parameters

Initially, ‘Camera Calibrator’ application from computer
vision toolbox in Matlab was used to find the camera
parameters for individual cameras. A problem for this
approach is that since there are small errors when calculating
intrinsic and extrinsic matrices, when the camera’ locations
were calculated based on camera parameters we got, it didn’t
correspond to the actual location of the cameras. Since the
relationships between cameras are already known, these three
cameras are treated as two sets of stereo camera, and the
‘Stereo Camera Calibrator’ application was used. This
application takes at least 10 images of checkerboard from a
pair of cameras as well as the size of the checkerboard. It will
automatically detect the cross points of checkerboard and
calculate the camera parameters.
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Also, the parameters needed to correct radial distortion will
also be given. Because the camera locations were now found
in groups, the result was more accurate.

The application with an image from left camera and one from
center camera was shown in the following:

The application with an image from center camera and one
from right camera was shown in the following:

Also, the translation matrices in world units and the rotation
matrices of left camera relative to center camera and of right
camera relative to center camera were found. Then, only the
extrinsic matrices for the center camera need to be found to
determine the extrinsic matrices for all three cameras.
Initially, we tried to put a checkerboard on the ground and use
the application to calculate the extrinsic matrix, but as the
figure shown in the following, the checkerboard was too small
to be clearly detected.

We then decided to use the endpoints and cross points of lane
markings on a parking lot as coordinates in world coordinate.
The following image was finally used to calculate the
extrinsic matrix of the center camera:
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The coordinates of the endpoints and cross points were first
calculated according to the distances measured. Then, radial
distortion was corrected using the camera parameters
calculated by the application. The resulting image was shown
in the following

image correction

The following code was then used to calculate the extrinsic
matrices for the cameras:

182~ [rotatiooMatrix, translationvector] = extrinsics(img211(:,:), worldPoints(i, ), caneraParans{2});
18- camera®x{2} = [rotationNatrix;translationVactor];

164

165~ comeragx{
166 - camaraExl
187

188 - cameraBx(3) = cameralx{2)*rito2;
100« cameraix{3}(4,:)

ameraSx{ 2} #r 1t00;
) = cameraBx{1H4,:) + titof;

el
= conerabx{31{4,:) « tito2;

Coleufating Extrinsic Motrices

The function ‘extrinsics’ from computer vision toolbox in
Matlab was used to get the rotation matrix and translation
vector for the center camera. This function takes in the
coordinates of the points on the image without lens distortion,
the world points we calculated and the camera parameters we
got from the application. Then, based on the relationship
between left, center and right cameras, all three extrinsic
matrices were calculated.

The camera positions in the world coordinate were then
plotted to make sure that the extrinsic matrices were accurate.
The resulting plot was shown in the following:
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In this figure, the red circles represent the points we used,
the red, green and blue stars represent the left, center and right
cameras. The locations of the cameras shown in the figure
were very close to the actual locations of the cameras in the
chosen image.

V. CONCLUSION

The team succeeds in creating a data collection system and a
Convolutional Neural Network (CNN) model for intelligent
transportation. The simulator portion proved to be beyond the
scope of this paper; however substantial advances in the
simulator were made in the form of the camera calibration-
progress that can be built upon by future projects. The data
collection system produced excellent results, logging the
speed, steering wheel angle, and stitching three different
camera angles together. The Convolutional Neural Network
model is able to produce the correct steering wheel angle for
any given image it is provided with. The simulator portion of
the project was begun, with the image calibration portion of
the real world 3D simulator completed; however, the scope of
the real world 3D simulator proved to be too large and was not
able to be completed due to time constraints the rest of the real
world 3D simulator was not able to be completed. By
developing these tools, the team was able to enhance and
advance intelligent transportation program. This would result
in more efficient and robust data collection, CNN models, and
true to life tests.
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Evolutionary Computing Assisted Control
Environment for Six-Step Mode High-Speed and
Accelerating Induction Motor Drives

B. Meghya Nayak, Dr. Anupama A. Deshpande

Abstract

Exponential rise in induction motor applications, especially for high-speed drives and
accelerating environment has alarmed academia-industries to develop more robust and
potential control solutions. Current induction motor controllers either focus on speed or torque
enhancement using different methods such as scalar or vector control methods and predictive
control strategies Unfortunately, such applications lead to field-weakening conditions
demanding achievement of high speed and high acceleration control. Hence the dynamic
performance of induction motors under classical control is affected showing unstable Speed,

Torque ripple and Harmonics in electrical parameters.

This paper, therefore, enlightens a robust control of speed as well as torque enhancement in the
closed loop control system based on Evolutionary Computing and an Efficient Control strategy.
The current research ensures high torque performance and overcomes field weakening problem
by suggesting a novel six-step environment of induction motor and DC-link voltage respectively.
The 6-step mode environment deals with SVPWM to reduce harmonics in electrical parameters.
In addition, the current is controlled by proposed Flower Pollination Algorithm (FPA) in the inner
loop to tune the authentic Proportional-Integral and Derivative (FPA-PID) controller. The FPA in-

conjunction with a band stop filter and SVPWM also enables six-step inverter to control transient

1 of4 15/02/2025, 01:41 am


http://sersc.org/journals/index.php/IJAST/index
http://sersc.org/journals/index.php/IJAST/index
http://sersc.org/journals/index.php/IJAST/index
http://sersc.org/journals/index.php/IJAST
http://sersc.org/journals/index.php/IJAST
http://sersc.org/journals/index.php/IJAST/about/editorialTeam
http://sersc.org/journals/index.php/IJAST/about/editorialTeam
http://sersc.org/journals/index.php/IJAST/journal_topics
http://sersc.org/journals/index.php/IJAST/journal_topics
http://sersc.org/journals/index.php/IJAST/issue/archive
http://sersc.org/journals/index.php/IJAST/issue/archive
http://sersc.org/journals/index.php/IJAST/about
http://sersc.org/journals/index.php/IJAST/about
http://sersc.org/journals/index.php/IJAST/about/submissions
http://sersc.org/journals/index.php/IJAST/about/submissions
http://sersc.org/journals/index.php/IJAST/about/privacy
http://sersc.org/journals/index.php/IJAST/about/privacy
http://sersc.org/journals/index.php/IJAST/about/contact
http://sersc.org/journals/index.php/IJAST/about/contact
http://sersc.org/journals/index.php/IJAST/user/register
http://sersc.org/journals/index.php/IJAST/user/register
http://sersc.org/journals/index.php/IJAST/login
http://sersc.org/journals/index.php/IJAST/login
http://sersc.org/journals/index.php/IJAST/index
http://sersc.org/journals/index.php/IJAST/index
http://sersc.org/journals/index.php/IJAST/issue/archive
http://sersc.org/journals/index.php/IJAST/issue/archive
http://sersc.org/journals/index.php/IJAST/issue/view/261
http://sersc.org/journals/index.php/IJAST/issue/view/261

Evolutionary Computing Assisted Control Environment for Six-Step... http://sersc.org/journals/index.php/IJAST/article/view/27120

response with assured ripple and harmonic suppression of speed within 0.4 seconds.

The Matlab simulation of the proposed Control algorithm has confirmed the robust control of

uniform torque.
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Disturbance Observer Assisted Error Sensitive
Predictive Control for Induction Motors in Sensor
less Environment: A Vector Field Control Model

B. Meghya Nayak, Anupama A. Deshpande

Abstract: The exponentially rise within the demands of
Induction Motors in several applications has revitalized
academia-industries to develop more robust and efficient IM
drives. Amongst the main classically available IM drives efforts
are made either to regulate speed or torque. However, the
problem inculcated due to parametric mismatch and resulting
errors have much addressed. Though, predictive control based
approaches are found potential to help current and torque
control; however, ensuring optimal controllability under non-
linear condition remained a tedious task. Filter based approaches
to impose delay that eventually impacts overall control
performance. Realizing it as motivation, during this research a
highly robust Disturbance Observer Assisted Error Sensitive
Predictive  Control  Strategy  for IM  control is
developed. Subsequently, a completely unique Disturbance
Observer-based Model Predictive Control strategy is developed
that performs predictive current control and torque-control
during a non-linear environment. Our proposed model exploits
the concept of Prediction-Error to realize transient
controllability. Exploiting the error information our proposed
model identified the optimal voltage vector value to be injected to
the 3-@ inverter connected to the Pl-based Space Vector Pulse
Width Modulation system to  perform transient
controllability. Structurally, our proposed system encompasses
SQIM  motor, 3-@ inverter, PI  controller SVPWM, Flux-
observer, Torque and Speed controllers, VSI units, etc. The
MATLAB 2017a based simulation has revealed that the proposed
model is able to do better current control, flux-torque control and
torque-ripple suppression, which broadened its employability for
varied applications demands fast-torque control during a noisy
environment.

Keywords: Induction Motor control, Model Predictive
Control, Error-Prediction, Error-resilient control.

I. INTRODUCTION

The exponential rise in electrical systems and allied
demands have revitalized academia-industries to develop
more efficient, productive and especially transiently
controllable equipment. Amongst the major application
environment ranging from the sophisticated home
appliances to the industrial and /or scientific purposes,
induction motors have irreplaceable significance.
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In the last few years, Alternative Current (AC) induction
motors have been extensively employed in different
industrial  purposes, especially for motion control
requirements. The key significance of employing induction
motor over dc motor is rugged construction, high efficiency,
and maintenance-free operation. Numerous electrical drives
that need efficient dynamic performance to respond to the
changes in command speed and torque. These requirements
of AC

drives can be fulfilled by the vector control system.
Undeniably, with the emergence of the vector control
method, an induction motor has been controlled like a
separately excited DC motor for high-performance
applications. This approach can enable the control of the
field and torque of induction motor independently by
decoupling and manipulating corresponding field-oriented
parameters. However, the efficiency of such systems gets
limited in case of noise and interferences caused within the
application environment.

In IM control, accurate and timely parameter estimation
is of great significance, as it can help to achieve transient
motor control. On the other hand, the predictive control
paradigm too can have vital significance for IM control.
Summarily, the optimal and accurate IM parameter
estimation and enhanced model predictive control strategy
can be of utmost significance for (adaptive) IM control.
Undeniably, the optimal selection of the IM parameters and
adaptive predictive control measure can be vital for IM
control functions. However, estimating accurate (dynamic)
parameters under interference and noisy environment,
especially under a Sensorless environment is a highly
complicated task. In the practical world, identifying IM
parameters is a highly tedious task, which becomes even
more complex due to the need for distinguishing data
obtained during fast transient [1-3]. Such issues prevail even
when the excitation power is exceedingly low [4].
Additionally, it impacts the functioning of the inverter
drives, which are often influenced due to the intensive noise.
Though authors have recommended using filters, such
problems (noises) can’t be alleviated or reduced by applying
classical low-pass filters (LPFs). Furthermore, the signal-
delay and allied (signal) deterioration too can be caused by
LPF that eventually would result in estimation error and
hence ineffective IM control decision.

Identifying the parameters can help to enhance dynamic
control decisions by flux observers, flux estimators, speed
estimators, and allied control designs [5-7].
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Industries demand lightweight computational controller
designs with high feasibility and low complexities. It
becomes inevitable when the dynamic current measurement
gets contaminated use to high interference and noises.
Additionally, the literature reveals that in practice the
changes in rotor resistance caused due to skin effect [8] can
cause problems to the motor, even with non-load or locked
rotor conditions. The majority of the conventional parameter
estimation methods employ at standstill, while the recently
developed inverter-fed motors employ self-estimation and
control

concept which is applied in the single-phase mode. In this
method self- commissioning, also called autonomous
Observer and control can be applied in the single-phase
mode that can maintain the motor shaft static automatically
to avoid any use of rotary encoders [4]. Such control
methods are also called the Sensor less method which can
make overall control more computationally efficient and
accurate. Considering it a motive, though efforts were made
[9-11] where authors employed stator side impedances (on
different frequency points) to obtain equivalent circuit
parameters. However, the parameters might vary or fluctuate
due to inappropriate selection of the test frequencies. As an
enhanced solution, authors [12][13] designed a multi-level
method in which during each phase one or two distinct
parameters were selected by injecting varied excitation
signals. Similarly, authors [14-17] made an effort to use the
random signals and Ordinary Least Squares (OLS) method
to obtain accurate IM control parameters. However, it
remained vulnerable from noise presence which is common
in numerous Sensorless IM application environments [4]. To
alleviate such an issue, authors [18] applied a modified
evaluation condition by employing non-linear least square
(NLS) concepts to obtain dynamic IM parameters. However,
distinguishing signal parameters from noise components
remains the major issue with the state-of-art techniques.
Recently, authors [19] developed an active damping based
filtering model for the Rotor-Flux Oriented Control (RFOC)
in IMs. Unfortunately, the delay and signal distortion
introduced by such an approach might confine accuracy and
might cause error-in-estimation [35]. Such limitations might
affect the overall dynamic or predictive control based IM
control.

To alleviate the above stated issues, in this research at
first the focus is made on enhancing dynamic IM parameter
estimation, which is followed by the implementation of a
novel and robust Predictive Control Method for RFOC in
IMs. As a solution, in this research at first, we assess the
responses obtained from a step-voltage test and generate a
sequence of pseudo-random signals which are injected to the
stator at standstill (in single-phase mode). Noticeably, our
proposed approach employs a non-linear optimization
concept that reduces parameter “prediction-error” and thus
minimizes the impact of measurement noise significantly.
This approach not only reduces the delay but also achieves
accurate IM parameters for further predictive control
scheduling. In the last few years to achieve efficient
controllability, especially under non-linear conditions,
Model Predictive Control (MPC) methods have gained
significant attention [34]. However, in MPC the focus has
been made either to perform predictive current control [24]
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or torque control as individual tasks [36]. Additionally,
authors have merely used cost-functions to predict voltage
vector or magnitude of the voltage required to be injected to
the inverter to perform torque or current control. However,
the inclusion of classical deadbeat controllers often
undergoes delay impacting overall control-efficiency or the
transient control ability [32][35][40]. No significant efforts
are visible which could address the parametric mismatch or
measurement errors (such as flux error, current error or flux-
torque error) sensitive control strategy, which seems
significant for non-linear IM control purposes. Developing a
vector control IM solution with MPC requires maintaining
an optimal balance between computational overheads as
well as multi-dimensional efficiency. To achieve it, the
inclusion of a dynamic Observer control model can be
significant to identify or keep track of the parametric
mismatch and prediction-error. This, as a result, can help
predict suitable control voltage for transient controllability.
In this relation, the strategic conceptualization of the
dynamic Observer model [38][39], flux controller, torque
Observer and controller, speed controller (as vector control
solution) with SVPWM can be vital for (prediction error-
resilient) IM control in Sensorless, non-linear environment.
Moreover, the inclusion of predictive current control and
torque control as a combined solution can broaden the
applicability of IMs in a non-liner environment. Considering
the above-stated motives, in this research a novel strategic
multi-phased effort has been made, where at first the focus
is made on identifying optimal equivalent design parameters
of the IM under predictive error condition or non-linear
Sensorless environment [37]. In the subsequent research
phase a novel Disturbance Observer assisted MPC control
model is developed for IM vector field control. Unlike
conventional efforts in this research, we focused on
amalgamating both PCC as well as PTC as MPC paradigms.
The overall control model has been named as “Observer
Assisted Error Sensitive Predictive Control Strategy for
Induction Motors in Sensorless Environment”, which has
been developed using MATLAB 2018a Simulink tool.

The remaining sections of the presented manuscript are
given as follows. Section II discusses the snippet of the
overall research contribution or intend. Section III presents
the overall proposed model and its implementation, while
the results obtained are discussed in Section IV. Overall
research conclusion and allied inferences are presented in
Section V and the references used in this research are given
at the end of the manuscript.

II. RESEARCH CONTRIBUTIONS

Taking into consideration the overall research intend,
existing approaches, and allied future optimization scopes,
in this research the focus is made on employing a multi-
phase optimization measure. In other words, in this research
at first IM design parameter identification concept is derived
that exploits prediction error information to achieve the
optimal design parameters. In the subsequent phase,
especially towards Sensorless IM control purpose with the
optimally tuned IM model, a novel Model Predictive

Control (MPC) concept is
derived.
Published By:

Blue Eyes Intelligence Engineering
& Sciences Publication




OPEN ﬁ{IESS

Noticeably, unlike conventional MPC strategies, this
research intends to develop a dual objectives oriented
control strategy encompassing both Predictive Current
Control (PCC) as well as the Predictive Torque Control
(PTC) scheme. Noticeably, in major existing efforts authors
have either focused on PCC, Speed control or PTC;
however, achieving a cumulative solution can be of vital
significance. This research has contributed a novel approach
encompassing both PTC as well as PCC under non-linear
operating conditions, where there is a significantly high
likelihood of

parametric mismatch and estimation errors due to non-
linearity —and interference/noises. = The  noticeable
contribution of the proposed vector control strategy can be
identified as the inclusion of ‘“Prediction Error” and
Parametric Mismatch based control strategy. Additionally,
to consider non-linearity of the IM design, a Disturbance
Observer model is introduces the tracks torque-flux changes
and in conjunction with flux-controller, speed controller and
torque observer ensure optimal voltage injection to the
inverter for transient controllability. Structurally, the
proposed system encompasses, Squirrel cage Induction
Motor, fed with constant voltage VSI, in adjacency to a 3-
phase inverter connected with SVPWM. The disturbance
Observer model [38][39] ecnables the proposed model
controlling injection voltage to achieve transient IM
controllability.

Redefining the overall research and tentative
implementation paradigm, the proposed system can be
reframed as a questionnaire. These research questionnaires
are given as follows:

RQ1: Can the use of the Prediction Error Method be
effective to identify optimal IM design parameters so
as to enable it operating efficiently under Sensorless
and non-linear conditions?
Can the use of Flux-Torque Observer unit, Flux-
Torque Controller, Speed Controllers be efficient to
achieve better and transient controllability of IM?
RQ3: Can the use of Disturbance Observer assisted error-
sensitive MPC control model to be effective towards
IM  controllability = under  non-linear  and
interference/noisy conditions?
This research intends to obtain the justifiable answer for the
above-stated questions and associated tentative solutions.

RQ2:

II1I. PROPOSED SYSTEM

As already stated, the predominant emphasis of this
research is made on identifying optimal (control) parameters
of the motor followed by dynamic Observer-based error-
resilient vector control of the Induction Motor. To achieve
it, we have performed a multi-phase implementation
paradigm was at first the IM’s design parameters are
obtained while considering its use-environment as noisy and
interference conditions. Additionally, to achieve a tuned
design parameter ‘“Prediction Error” information has been
applied. In the later phase of implementation, a highly
robust and efficient “Disturbance Observer-based Model
Predictive Control (DOMPC) scheme is designed for IM
control. Noticeably, our proposed DOMPC model exploits
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non-linear Predictive Current Control (PCC) and Predictive
Torque Control (PTC) models together, which has been
accomplished by means of a novel Observer unit and
“Prediction Error” based control decision. DOMPC model
encompasses dynamic speed and flux observer and allied
controller, while the Observer model ensures exploiting
error information to assist optimal (injection) voltage
estimation for the three-phase inverter connected to the IM.
Obtaining the error information (say, the difference between
the predicted values and the estimated values), the SVPWM
modulation pattern changes and thus helps to control the
current and torque of the IM. This approach intends to
achieve optimal (i.e., transient) current and torque
controllability while assuring negligible ripple presence. The
detailed discussion of the proposed dynamic “Observer
Assisted Error Sensitive Predictive Control Strategy for IM
in Sensorless environment” is given in the subsequent
sections.

As stated, this research has been accomplished in two
phases. These are:
Phase-1 Prediction Error based Dynamic IM Parameter
Estimation for IM, and
Phase-2 Dynamic Observer-based Prediction-Error Sensitive
Vector Control of IM.

The detailed discussion of these implementation models
is given as follows.

A. Phase-1 Dynamic IM Parameter Estimation for
Noise-Resilient Transient Controllability

Noticeably, the predominant motive of this inception
research phase is to obtain suitable IM design parameters so
as to retain reliable and dynamically controllable operating
environment. Typically, the parametric mismatch in IM
design often leads error in flux, speed and torque-flux
information that eventually destabilizes the overall system.
Unfortunately, so far authors have not addressed parameter
selection followed by error-resilient control mechanism for
IM. Considering it as gap and motivation, in this paper at
first we focused on obtaining the optimal design parameters.
For IM parameter identification we have applied the single-
phase test concept. Though classically approaches like “no-
load test and locked-rotor test” have been applied in a three-
phase mode; however, methods like “no-load test” have
been found highly intricate to perform especially when the
rotor is already coupled to the loads. Furthermore, the skin
effects in a locked rotor test can also impose high errors in
rotor resistance that might influence the overall IM
controllability. To alleviate such issues, the IM parameter
update can be done in an asymmetrical manner, which is
common in major IM based speed drives. Typically, to
achieve it the two terminals (say B and C) of the three-phase
IM are short-circuited, while a single-phase voltage is
injected across the IM stator. The key significance of this
method is that the rotor of the IM remains standstill as there
is no electromagnetic torque generated (in offline mode).
Now, replacing the value w, = 0 in IM’s dynamic model,
we get the time-domain configuration as (1).
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z(s) T,s+1 (1)
u(s)  oLgT,s% + (RsT, + Lg)s + R

In (1), z(s) = 1.5i4(s), where i, states the current in
phase A. The component u(s) = Uyp(s) is the linear

voltage, while Ly and R, signify the stator inductance and
resistance, correspondingly. The other constant parameter

IM(s) =

called rotor-time constant is T, = Lr/ R.» where L, and R,
T

are the inductance and resistance of the rotor, respectively.
The parameter called leakage factor o, which is derived as
).
L @)
T

In (2), L,, states the magnetization inductance. Now, we
discretize (1) so as to obtain the Predictive Error assisted
parameter estimation, and get (3).

biq™" + byq~?
14+a,q7'+a,q7?

B(q) 3)
u(k) = —<u(k)
A(q)
In (3), q signifies an operator called the z-transformation
operator. The IM parameter vector to be obtained comprises

an equivalent circuit parameters defined as (4).

z(k) =

Ly + T,R, 1 @)
B ( oLT, )
a, 1+ (LS + TTRS) ; _( R )TOZ
az| oL,T, oL.T,
by |~ 1
b, (JLS>'T0
1 1y,
~(5) 7o+ ()

In (4), the parameter T states the sampling interval,
which has a great role in SVPWM based vector control
purposes. Noticeably, estimating the values of Ly, L,, ¢ and
T, is an easier task. Once obtaining the vector values of (4),
the above stated four parameters can be obtained from the
vector. With such motive, the parameter update can be done
online by injecting specifically calibrated voltage signals to
the stator and then obtaining the values of a,, a,, b; and b,
of (3) based on the estimated voltage value Uyg and current
iy.

The above section put a glance on the involved
parameters of the IM. The detailed discussion of the
Prediction Error based IM parameter estimation is given as
follows:

1. Prediction Error Based Discrete Model
estimation

The predominant issue in IM parameter estimation and
update, especially with inverter-driven IM motors is
“electromagnetic interference,” which is often imposed due
to the impulses caused by the semiconductor devices.
Noticeably, such issues become prevalent in the case of
Sensorless a drive that eventually degrades the significant
embedded information due to excessive noise. In such
conditions, obtaining optimal design parameters while
considering such real-time uncertainties and interference
conditions is a must. With this motive, we exploited the
steady-state AC waveform that makes it resilient to the noise
affects. Being a self-sovereign approach and integrated with
vector control concept our proposed model can be stated as

Parameter
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the “Self-Adaptive Filtering” based parameter estimation
concept. The use of steady-state waveforms often embodies
the signals which are easy to process and hence avoids
synchronization and DC bias problems. Considering
parameter’s sensitiveness in IM we designed Prediction
Error based parameter estimation and adaptive vector field
control by using analog and digital LPFs for signal tuning
which is a better alternative of the conventional OLS based
method. To achieve it, we introduced a modified model by
inheriting a noise model into the original transfer function as
defined in (5).

B(q) 1 C(q) (5)
2O =4 " 2" = 2 ®
In (5), v(k) equals C(q).e(k), which is also called moving
average sequence for the noise component. Here, e(k) is
considered as white noise component while C(q) be the
temporarily unknown filter. Mathematically,

C@=1+cq " +cq7° (6)
With the random values of A(q), B(q) and C(q), the
respective error sequence e(k) has been obtained as the
difference of calculated output waveform (values) and the
measured one. Here, we termed a component named Total
Prediction Error (TPE), which is the sum of the aforesaid
error sequence, j = ). e. In our proposed method, to obtain
the optimal control and IM parameters, we intended to
minimize predicted error by adjusting A(q), B(q) and C(q).
Implementing Parseval concept, the TPE in frequency
domain (i.e., j) would be asymptotically equivalent to [21].

v(k) =

1 [ (By(e/®) (7)
s (Ao(efw)
B(e/®)\? A2(e/®)
_A(ef“’)> B2 (i) ?,(w)dw

1 [ A2(e%) @,(w)
2w ) C%(e/®) A2 (e/®) @
-

In (7), parameter BO(ejw)/ iwy Signifies IM’s transfer
’ A(e/®)

function. The other parameters @,(w) and &,(w) are the
corresponding power spectrum of the input u and
disturbance v . The angular frequency is given by w .
Similarly, in the second component of (7), the parameter
A?(e/®)/C?(e/®) states the weighing function, which is a
part of LPF. It is vital as it confines noise component v
transiently in the high-frequency band. In a real-time
scenario, while performing optimization and update
A%(e/?)/C?(e’?) is updated dynamically that helps to
eradicate the interference issue and reduction of J.

To identify the IM’s parameters, we applied the above
stated single-phase mode by injecting sinusoidal voltages of
different frequency combinations. It enabled parameter
identification based on the stator side equivalent impedance
information. Though this approach can be limited due to
very minute information available in the frequency domain,
we used a Pseudo-Random Binary Sequence (PRBS).
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In major conventional voltage injection-based approaches
as stated above, R, and L, are highly sensitive to noise that
can impact overall controllability (due to improper
frequency selection. However, selecting optimal frequency
with suitable parameters is an NP-hard problem. The
dependency on significantly large bandwidth to
accommodate more information confines the employability
due to increased cost and processing time. In IM parameter
estimation and allied control, the selection of the optimal
shape, size and amplitude of the excitation signal is vital.
Injection signal must embody the sufficient harmonics with
specific or targeted frequency band. Additionally, it should
be of low frequency (as high frequency might behave like
interference). Considering these facts, we applied PRBS,
which was generated by using Voltage Source Inverter
(VSI). Here, RPBS iterated after a long interval, and during
this interval the positive and negative values were generated
randomly.
To achieve dynamic parameter estimation for better
controllability, we generated PRBS in such a manner that it
embodies AT (minimum interval), cycle period N and signal
amplitude a. To ensure enough harmonics within the
targeted frequency band or feature frequency, PRBS
followed a condition given in (8) [23].
2 (8)
3AT > Winax
NAT > Tyo5

In (8), Wy, states the cut-off frequency of the motor
while T, o5 signifies the specific time when the step voltage
response increases to 0.95 from 0. In practice Ty 95 can be
obtained by means of DC voltage test, while w;,,, too is
obtained approximately as per (9).
0.71 )
To.9s
For ease of implementation, in the proposed model the
excitation signal pattern is considered as per the IM motor
responses to the DC voltage test. Additionally, the
amplitude reference a is defined in such a manner that the
peak value of the phase current becomes equal to the
magnetization current. This approach avoids any possibility
of deep saturation and over-current in IM. Thus, obtaining
the tuned parameters of the IM, we designed a three-phase
inverter connected IM model. The detailed discussion of the
proposed IM model and its dynamic control strategy are
given in the subsequent section.

B. Phase-2 Observer assisted Model Predictive
Controller for Induction Motor

In the initial phase of the research, we focused on
identifying the suitable SQIM design parameters that could
make it more transiently controllable under noise and
interference conditions. Our applied Predictive Error based
approach resembles the “Self-Adaptive Filter” functional in
between the Voltage Source Inverter (VSI) and SQIM. It
intends to reduce the distortion caused in the output voltage
of the VSI, surge of voltage in the motor terminal, core
losses, interference, etc. Obtaining the parameter tuning, we
focused on developing a novel and robust Rotor-Flux
Oriented Control (RFOC) system for SQIM, which is often
employed in Adjustable Speed Drives (ASD). Factually, the
inclusion of filters might affect the operating point of the
SQIM drives and can turn it into the unstable one, thus

=~

(‘)max
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causing resonance frequency oscillations in stator current,
voltage, etc. On the contrary, there are numerous application
environments where providing fast torque response and
current control is a must. To achieve it authors have
proposed control strategies such as Field Oriented Control
(FOC), Direct Torque Control (DTC), etc. These approaches
apply controllers like Proportional-Integral (PI) controllers
(PI-FOC). PI-FOC which has gained widespread attention
across industries; however factors like limited bandwidth
and iterative gain parameter tuning confine its applicability.
In practice, the iterative gain update is a highly intricate
task. Though DTC is simple, the presence of significantly
large torque ripple and steady-state error confines its
employability (in non-linear applications). To alleviate such
limitations, in this paper a novel Disturbance Observer-
based Model Predictive Control (DOMPC) model is
developed. Unlike existing PI-FOC and DTC methods, our
proposed “Observer Assisted Error Sensitive Predictive
Control Strategy” enables transient controllability even with
low computation and time consumption. Here, the prime
goal is to achieve a fast dynamic response, better DC bus
utilization and strong Zero-sequence current suppression
along with swift Current/Torque response which is vital for
the major real-time application environment.

- DOMAC: An Overview

Considering IM control purposes, MPC can be broadly
classified into two types; PCC and PTC. Practically, in
linear PCC model, a deadbeat controller [32][33][40] is
applied especially to control and regulate the currents by
generating the reference voltage using predicted current and
predicted flux (EMF) [20][21]. On the other hand, for non-
linear PCC, a cost-function is used that exploits the effort
information between predicted current vector and the
reference current that put a foundation for further switching
conditions for expected controllability [22-27]. Similarly,
linear PTC encompasses a deadbeat flux/torque controller
[32][33][40], stator/flux and electrical torque prediction
model that cumulatively generates the reference voltage for
further IM control purpose. In the case of non-linear PTC,
we define a cost-function that dynamically estimates the
error of the values of Flux and torque so as to obtain the
optimal switching pattern in SVPWM. Noticeably, in the
case of non-linear PTC to perform SVPWM switching
control we need an optimal set of weighing factors.
Considering the significance and robustness of the non-
linear PTC model, this research focus is made on designing
a novel MDC (derived as a non-linear PTC) model for
(RFOC) vector control. Noticeably, we implement non-
linear PTC as well as Observer- based current control as
well which makes our proposed system robust for numerous
real-world applications.

Before discussing the proposed non-linear control model, a
snippet of the IM with three-phase inverter is given as
follows:

The electrical model of the IM in an arbitrary reference
frame can be presented as (10).
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=" )]+ L] "
+[]3wa 2 (wa—wr)] [ffﬁ]
(11)

-l ol
ll)T Lm LT iT
In (10) vy, is, i, Ys and 3, state the state-variables with
zero-sequence component. Noticeably, the term called zero-

sequence component signifies that v; = [Vsd Vso]T.
Similarly, the other parameters,Rg, R,, Lg, L, and L,, states

Ussq

the system  parameters. Mathematically, these
parameters, R, = diag[Rs Rs Rg) ,
L, =diag[Ls Ls Lg] and L,, =diag[Lsm Lm Lo] .
Here, w, parameter signifies the random reference

frequency, while w, presents the frequency of the rotor. In
(10), the parameter p states the derivative operator. As
depicted in (10), the coupling vector or matrix /5 is (12).

0 -1 0 (12)
0 0 0

As depicted in the figure, different controller models apply
distinct approaches to control “Inner-Controller” to achieve
expected performance.

a). Predictive Current Control (PCC)

Considering above equations (10) and (11), it can be
found that the derivative of the current vectors particularly
under stationary frame (i.e., i; = 0) can be presented as
(12).

P (3 [
ir L, L, 0 7 1Ly
“lo —rul[1:)
0 _]3 [ ll)r
Now, applying (13), we derived stator current as (14).
. _ bk s I (14)
pis = Lyo Vs-Rgis + L_r(err — 0 J3¢;)
In (14), 0 =15 — (LL’"—L), while I; states the 3-dimensional
shr

matrix. Now, the flux (EMF) has been estimated as (15).
L
v = Rgis — L_m (Ryiy — w,J3y)
T

We have applied an open loop flux estimator that measures
the rotor flux using (15). Now, the rotor-flux in the rotor-
reference frame (w, = w,) is obtained as (16).

I3
ler

(15)

L
pYr =fis -

Noticeably, in (16), 7,
of (16) in (14), we get
I

pis = 145_30_(175—171)
Discretizing (17) by means of Forward Euler Method (FEM)
results the stator current (18).
Lo
Lo (vs,k—vl,k)
In (18), T, signifies the sampling period of the inner
controller. Recalling the delay problem [35], we have
estimated the sub-sequent iteration value (say, extrapolated
value of (18)). Mathematically,

(16)

Lr/ R, Now, assigning the values

(17)

(18)

Usie+1 = Lk T T,
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I3

Lo (ﬁs,k+1—ﬁl,k+1)
S

Applying the Deadbeat Control Principle (DCP)[40], which
states that i, = ig, the reference voltage at time t + 1 is
(20).

(19)

~

loks2 = loks1 T T

I
gl
Here, we estimated the current reference value i from flux
and torque reference values in the same way as is done with
classical FOC methods. In the case of a non-linear PCC
model, we applied a cost function that enabled the selection
of the optimal voltage vector value to be applied to the
inverter. Noticeably, in this research, the predominant focus
was made on IM control with non-linear characteristics.
Now, replacing Dgx4q in (20) with 27 possible voltage
vectors (in considered SQIM model with 3 phase inverter
there are 27 feasible voltage vectors), we achieve (21).

. (20)

l

*

VUsk+1 = s ls,k+1) + Uy g+t

. N . Iy N A (21)
Loka2 (D) = Tgpqr + Tsn (Vs,k+1(l) - Vl,k+1)
S
where, i = 1, ...,27. For non-linear PCC we derive the cost
function as (22).
g(i) = wa|i;,a - ’l\s,zx,k+2 (l)| (22)

+ wplisp — Lsprsa (D]

+ ‘Uo|i;,p’ — D50 xa2(D]
In (22), the parameters w,, w, and w, state the weighing
factors of the current errors. Thus, with the obtained value
of (22), the voltage vector (23) is obtained which was
applied to the three- phase inverter for control functions.

Voptk+1 = arg . min, _ g(i)

Unlike conventional PCC models, in this research, we have
developed a novel and robust Observer-based PCC control
strategy. The detailed discussion of the proposed PCC
controller is given as follows:

Disturbance Observer-based Deadbeat PCC (DO-PCC)
Being a non-linear system, IM often undergoes a situation
where the measured values differ from the predicted values.
On the contrary, there are numerous parameters such as
rotor resistance (R,), Magnetization Inductance (L,,), rotor-
flux, etc where even a minute error might force IM to
undergo adverse conditions. It can cause steady-state errors
in electrical torque and rotor flux. Realizing this fact, as a
contribution in this research a novel Disturbance Observer-
based Deadbeat PCC (DO-PCC) Model has been developed.
Noticeably, our proposed DO-PCC model intends to
compensate for the errors and make control function more
efficient. This section primarily discusses the proposed DO-
PCC for IM. Considering the mathematical model for the
stator voltage vector in terms of the stator current i, and
rotor-flux ., the stator current can be obtained as (24).

(23)

1 1 12, (24)
B A b A
$ Ly ® Lo\ ° 127
N LmRy
_]W€> lS + (L%LSO_
ooy Lm
—Jjwr) LrLSO'lpr

In above equation (24), the

2
parameter R = Rg + LL—%‘RT ,
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L
L=L.o, k, ==, 1,
Ly

flux reference frame (.4 = |y, q=0) has been obtained
as (25-27).

= ;—T. Now, for (d — q — 0) the rotor-

. . . Ky
Vsq = Lpisq + Rigq — weLlsq - ; Yra (25)
V. q = Lpisq + Risq + weLiSd + kra)rl[}rd (26)
Vgo = Ligpiso + Ryigo 27

Presenting (26) and (27) in state-space formulation, we
derive

R 1 (28)
Isq _ _Z € |[lsa Z Vsa
p [isq] N _ R [lsq] + 1 [vsq]
e 1 g L
[ X o]
o nl 1| wm]
| k w kr | lnbrq
|- )

Discretizing (28) using FEM, we derived the stator d-axis
and g-axis currents as (29).

R (29)
» [isd,k+1] _ 1 L T [lsd k
isq,k+1 1— —T lsq k

—We Ts

L [Vsd,k]
vsq,k

T.
L
T,

1/’rd,k]
kr krTs 1I’rq,k
T,L

1-%1, w7, (30)

—w, T, 1-2T,

Ts

L

Ky Ts k

L
Iy Ky Ts
- T Wy Ts ‘tr_L

Consider that (30) presents the discrete domain parameter

matrices, then the stator current value can be predicted as

31).

Lr
. . Or Ts

Isp1 = Al + Bug + Fir (31)
As already stated, inclusion of MPD and allied filtering
might cause steady state error and hence we extrapolated
(31) to compensate the same. Thus, we obtain (32).

Isp+z = Alggrr + BUs i + Fhr s (32)
Similar to (20), considering DCP over (32) we substitute
isx+2 bY Ig, and thus we get (33).

is = A(Aisy + Bvsy + Fir i) + BUg i
+ F¢r,k+1
Now, similar to the discussion made above, the voltage
(vector) to be injected at time t + 1 is obtained as (34).
Usk+1 = B_l(i; - A((Ais,k + Bvs,k + Fl»br,k)
- Flpr,k+1
In our proposed PCC model, considering the sensitivity
towards error, to alleviate such issues, we designed a novel
Disturbance Observer (DO) model that intends to explore
and update dynamic parameters (error-resilient control) to

(33)

(34)
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retain better transient controllability. The detailed discussion
of the proposed DO-PCC model is given in the subsequent
section.

- DO-PCC: The Design

Considering (25) and (26), we can derive the augmented IM
model as (35) and (36), respectively.

{(vsd = L%isd + Risd - weLisq - ],f__:lprd + fd (35)
d
k afd =Fy
{(Usd = L%isq + Risq - weLisd - ]‘f__:wrlprd + fd (36)
d
t afq =F

In above equations, the parameters f; and f, signify the
error or the disturbance imposed due to parametric
differences or error. Mathematically, the disturbances are
depicted in (37) and (38).

fu=AL 7

isq + ARigy — ALw,igq

dt 38)

fq = AL 7t
Considering the parametric mismatched or error in non-
linear IM condition to retrieve the disturbances and to
predict the stator currents we derived an Observer unit using
(37) and (38). Mathematically, the observer can be defined
as (39) and (40).

isq + ARigq + ALwgisy

d . X .k 2 (39)
(Usa = Lalsd + Rigg — welizq — —rll’rd + fa + Ugs
TT
i afd = 9aUasmo
d . . 2 (40)
Vsqg = Lalsq + Rlsq + welisg + krwiprg + fq + Uq
Efq = gqusmo

In the above equations (39) and (40), the parameters f; and
fq state the values of the parameter mismatch disturbances
from f; and f,. Similarly, {54 and {,, state the obtained or
measured stator currents while the measured voltages in the
d-axis and g-axis are given as vsgand vg,, respectively. In
our proposed method, we have applied a “Sliding-Mode
Control Function (SMCF)” which is defined for both d-axis
as well as g-axis distinctly, given as Ugsmo and Ugemo »
respectively. The gains associated with each SMCF (in
individual d-q axes) are g4 and g, (for sliding mode
controller). Now, subtracting (35) from (39) and (36) from
(40), we derive the following.

d R ) .
0= L (lsd Isa) + R(lsq — isq) + (Ja — fa) + Ua
E(fd - fd) = 9aUasmo — Fa
d o
0= La(isq - isq) + R(isq - isq) +(fa—fa) + qu1

d .

E(fq —fa) = 9qUqsmo — Fy
Now, we obtain the current errors in d — q planes as egqy
and ey, respectively. The disturbance error is obtained as
erq and er, for d-axis and g-axis, correspondingly.
Mathematically, the errors are
obtained as
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€sq = isd —isq (43)
esq = Isq — lsq (44)
€ra =fa— fa (45)
€rq = fq - fq (46)

The equations derived in (45) and (46) can further be given
as

d R 1 1 (47)
Eesdz _Tesd_fefd__fudsmo
d
Eefd = GaUasmo — Fa
d R 1 1 (48)
Eesq = _fesq _fefq _Zqumo

qcra = 9qUqsmo — 4

In our proposed method, to implement SMC, we select a
switching surface where a linear switching surface is
considered. These switching surfaces are defined as (49) and
(50).
Sa = Isa — lsa (49)
Sq = lsq — lsq (50)
To achieve it, we incorporated a “reaching-level”,
which are selected as per the following condition.

d 51
5= —kysgn(s) — A 51
Now, substituting (49) into (51), we get
d (52)

Eesd = —kysgn(esq) — Aesd

d (53)
aesq = —klsgn(esq) — Aesq

Now, substituting the derivatives in (47) and (48) by
empLoying (512) and (53), we get the following:

1
_Zesd - zefd - szsmo = —kysgn(esq) — (54)
/‘lesd
R 11 (55)
T %a T Zqumo

= —kysgn(esy) — Aegq
We have obtained the compensated voltages U g, and
Ugsmo using (56) and (57).
Ugsmo = (LA — R)esq + kiLsgn(esq) (56)
Ugsmo = (LA — R)egq + kiLsgn(esq) (57)
Discretizing (39) and (40), using FEM, we predict the stator
current and parametric disturbances. The predicted values
are,
R RTy) . (58)
lsdk+1 = (1 - TS) lsa k + Tsvsd,k + weTslsq.k
kT Ts .
+ ﬁlprd,k - Isfd,k
T

N

I Udsmo,k
fd,k+1 = fd,k + Ts9aUasmo k (59)

R RTy\ | T. . (60)
lsqk+1 = (1 - TS) lsq.k + Isvsq,k — WeTslsqk

k,T. T, .
- ﬁwrlprd,k - fsfq,k
T.
- ZS qumo,k

fq,k+1 = fq,k + ngq qumo,k (61)
In major existing efforts, authors have either focuses on

current control or torque control. On the contrary,
applications demand efficient transient control for torque-
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flux as well as current that as a result can optimize the
overall transient-controllability of the IM. Considering it as
a motive, in this paper, we employed observer-based PTC.
Noticeably, our proposed model employs flux observer, flux
controller, speed controller, etc that in conjunction with PI-
based SVPWM enables efficient torque control in IM. The
detailed discussion of the proposed PTC model is given as
follows.

b). Predictive Torque Control (PTC)
Discretizing the rotor-flux equation using FEM, we
predict the rotor-flux value at k + 1 (62).
7 Lm . I 3
1pr,k+1 = _Tsls,k + (13 - _) Tslpr,k
T, T,

Now, to predict the stator flux at k + 1, we applied stator
current equation. Mathematically, the stator-flux is predicted
as (63).

- I3
ws,k+1 = Tsvs,k + (13 - T (T_ +]3wa,k)> lps,k

So

(62)

(63)

k,
+ _Ts + lpr,k

So

- LynP /. -

Tek+2 = ﬁ(wsq.kﬂlﬁmku - 1'be”‘f"'ZITJrq,k+z)
In (64), P signifies the pole pairs. With the rotor-flux
orientation frame we get (W, — We, Yrq = Wy ], Prq = 0),
where w, presents the synchronous frequency of the rotor
flux. Applying the above discussed deadbeat control
principle (DCP) lﬁm‘kﬂ = 7], Tops2 = Ty, we predict the
d-axis and g-axis voltages to be injected at t + 1 (65).

(64)

1 Ry 1y o (65)
D =—|yi| + (— — _)
sd,k+1 Ts N"rl GLS ATS l/)sd,k+1
- ae,k+1¢sd,k+1
R(L,, .
- mlprd,lﬁl
In other way,
K oL, T (66)

1 R\ -
Usdje+1 = PT, W] (Ts AO-LS) Ysak+1
+ Be kr1¥sa ke+1
Considering the non-linear IM environment we consider
non-linear PTC realization where we define a cost function
that reduces the parameter mismatch or errors, as discussed
in the above section. To achieve optimal PTC our proposed
model iteratively reduces the errors of torque, flux
magnitude, and zero-sequence current, respectively. Thus,
applying the above discussed DO concept and error
reduction measure we obtain the voltage vector to be
injected to the inverter for torque control. It helps to
achieving ripple suppression, fluctuation and stability that
makes IM operation more reliable. To suppress the Zero-
Sequence current, it can be predicted as (67).

. . TsRs)\ . Ts . . (67)
Lsope2(@) = (1 - %) lsoe+1 T L_Svsd,k+1(l)
ls ls
Thus, the cost function can be derived as (68).
h(@D) = we|Te = Te 2 (D] (68)

+ @y 1] = Pogeas (O

+ wolso k42 (D]
Though, in some recent research authors recommended
avoiding iterative weighing for transient controllability [28].
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In (68), the parameters w¢., wy and w, are the weight
factors pertaining to the torque, flux (magnitude) and Zero-
Sequence current errors respectively. Thus, employing
above function, we apply the optimal voltage to the inverter
for control.
Vopekrs = arg  min_ h(i) (69)
Thus, implementing the above discussed methodology
we have achieved dynamic current and torque control for IM
model. The simulation results and allied inferences are
discussed in the sub-sequent section.

IV. RESULTS AND DISCUSSION

The overall implementation schematic of the proposed
vector control scheme for IM is given in Fig. 1. To assess
the efficacy of the proposed model, we applied the
MATLAB/Simulink software platform. Here, the IM was

interfaced with an ideal voltage source, with a controllable
noise component. Here, initially, the voltage amplitude a
and time interval AT of the pseudo-random bit stream were
estimated by means of a ramp voltage and step voltage,
correspondingly. Initially the value of a was maintained at
21.57V, as at this voltage the value or i, reached the
magnetization (rated) current level. We employed IM with
Vpe as 480 V, operating at the frequency of 50 Hz.

International Journal of Recent Technology and Engineering (IJRTE)

ISSN: 2277-3878 (Online), Volume-8 Issue-6, March 2020

Noticeably, we maintained the transition time T o5 as 0.24
seconds. Considering real-time implementation scenario, in
this research, we select AT in such manner that it is
sufficient enough to decrease the skin-effect and has the
acceptable level of delay for (real-time) data acquisition. In
this simulation, we assigned AT = 0.05s. It was then
followed by the injection of the PRBS voltage into the IM.
To emulate the noise component, we mixed colored noises
to iy along with the DC bias. Initially we applied the
following detuned parameters Ry =2.76 (Q) , L=
11.8mH , T, =0.06 , R, = 3.11(Q) . Additionally, we
applied mutual inductance of 188.2mH. We assigned the
switching frequency of SVPWM as 5 kHz. In addition, we
introduced dead-time compensation [25]. The DC link
voltage was maintained at 480V. We interfaced motor-shaft
to a DC generator, which was controlled using a DC motor
speed driver so as to change in the load-torque value. To
examine the performance of the proposed model, we have
obtained measurements for voltage, current, rotor speed,
torque, etc. To retain the efficient performance a motor
requires maintaining an optimal voltage level while
controlling speed and torque over a non-linear operating
environment. The overall implementation schematic of the
proposed IM vector control strategy is given in Fig. 1.

Pragolk +1) fggnc(k+1)
T L nk+Y
0 Flux > Field Oriented Deadbeat SVPWM
Reference Control Controller
vi(k+1)
Speed \
Controller
i Inverter
Ly
n.l'('r'\'+l:|\/
(k) Position | afi+1) BackEMF ||,
Estimator /’4 Predictor ui(k)
o {sapel¥)
\ vk +1)
_SMCF 1— ap0/abe
Disturbance i«
Observer

Fig. 1 Proposed vector control model for IM

Fig. 2 presents the DC voltage, which is almost linear and
maintained at the 480V level. In Fig. 3 the current measured
at the three phases are depicted. Observing the results it can
be found that over the simulation period, varying the load
and torque conditions, current does vary however
maintained at least or negligible fluctuations. Noticeably,
the simulation test has been done at the low-speed rotation
(here we initialized with 55 (rad/s). Considering the fact
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that with high-speed rotation interference component
increases that induce disturbances resembling noise
component, we tested our model at relatively low-speed
operation.
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Noticeably, unlike Open-end wire IM (OEWIM) [29-31]
where authors have applied multiple Inverters (dual
inverter), which demands a significantly large number of
switches to assist control, our proposed model applied a
single 3-phase inverter. Thus, it can be computational more
efficient as compared to doubly-feed (dual) inverter based
SVPWM models. Fig. 4 presents the rotor speed, which can
be found near stable even after a change in load and non-
linear conditions. The torque generated over the simulation
period is given in Fig. 5. The overall speed controllability
feature of the proposed model can be visualized in Fig. 6.
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Fig. 2 Vp¢ maintained at 480 V
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Fig. 5 Torque generated (Nm)
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Fig. 6 Rotor Speed controllability (red-reference, blue-
proposed)

Considering overall performance by the proposed model it
can be stated that the inclusion of dynamic Observer unit
and allied MPC concept could achieve satisfactory
performance, especially to control the current, torque and
speed of the IM. The results affirm that the proposed method
can be efficient in better DC bus utilization and strong Zero-
sequence current suppression along with  swift
Current/Torque response which is vital for major real-time
drive applications. Observing the overall results and allied
inferences, it can be found that the research questions, as
framed in Section II affirms the acceptability of the
proposed solution.

V. CONCLUSION

Realizing the significance of vector control in Induction
motor, especially under noisy and interference conditions,
this research focused on achieving a cumulative control
approach. To achieve it, a multidimensional approach was
formulated where at first motive was made on assuring
optimal IM design parameter identification to be followed
by Model Predictive Control implementation. Noticeably,
the consideration of Prediction Error sensitive parameter
identification helped to achieve optimal design for SQIM to
be operated under noisy, interference environment in
Sensorless set up.
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The use of prediction error based IM parameter estimation
strengthened the proposed model to ensure efficient motor
design which further helped in alleviating parametric
mismatch and errors. This way it achieved an error-resilient
IM operating environment. Furthermore, exploiting the
efficacy of MPC concept, this research employed Predictive
Current Control followed by Toque control by employing a
robust Observer model that dynamically estimates error in
between the estimated and predicted flux-torque and current
values, based on which it obtains the optimal voltage vector
to be injected to the inverter for transient control.
Noticeably, the proposed method considered dynamic
parameters to make adaptive control decisions; it is suitable
for non-linear IM applications. The used of SVPWM in
conjunction with PI-based flux and current controller helped
to achieve better and more efficient (transient
controllability) while maintaining DC voltage consistent
while torque-ripple suppression and current control. Unlike
conventional efforts where efforts are made either to
perform torque control or speed control, this research
embodied both predictive current control as well as torque
control in non-linear condition. It makes the proposed
system novel and robust to meet contemporary IM control
demands. In the proposed vector control model SVPWM
was applied to control the signal patterns before feeding it to
the inverter for transient controllability. The performance
and allied inferences reveal that the proposed approach can
be ready to implement for dynamic torque-current control of
the IM used in applications like chassis dynamometers and
engine dynamometers where IM is applied to provide load
torque and imitate propulsion motors for electric vehicles.
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Abstract:

Crime is an unsocial and objectionable deed that causes an intense peril to humankind. Civilized
societies make every effort to reduce crime under the rule of their influence. Why should crimes be
predicted? Though it avoids all the lawbreaking acts of the society and ensures better civilization
through avoiding happening crimes such as murders, rapes, thefts, drug smugglers, etc. Alerting the
crime hotspots beforehand is one of the finest approaches to cause crime occurrences to halt. Utilizing
the resources and identifying hotspots of crimes and allocating vigilante resources such as policemen,
police cars, weapons, etc. in locations where the appropriate degree of intelligence has not been
maintained. Rescheduling patrols according to the vulnerability of a place would also result in the
degradation of the crime rate of that particular location. Building such an operational system would help
to identify where and when crimes are most likely to occur so that you can effectively allocate your
resources and prevent these evil acts accordingly. Safety while traveling can be considered as the major
need in an unknown country, as New York is regarded as the city where you can find people from
varying backgrounds and with a good amount of population, this project will focus on predicting crime
in New York. The goal of this research is to employ data science and machine learning techniques to
forecast crime. This research proposes a model that works in synergy with various steps that include
crime data collection, and then analysis on that data to predict the crime hotspots which are specifically
targeted to help citizens to distinguish between safe and unsafe areas while traveling.

Keywords: XGBoost, KNN, SGD, LSTM, Naive Bayes, Decision Tree, Random Forest, data-
preprocessing, Machine Learning, crime prediction system, crime analysis, NYPD.

I. INTRODUCTION

The recent advent in technology has created
Omni-applicable in each wake of life. With the
appearance of the big data era and therefore the
handiness of quick, economical algorithms for
knowledge analysis, understanding patterns in
crime from data is an energetic and developing
domain of research. Crimes pose a severe threat to
the community. Several crimes occur at regular
intervals of time. Conceivably it’s ever-increasing
and spreading at a rapid and immense rate. The
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perception of a community as crime-ridden will
deter individuals from going there and induce
residents to maneuver away. Crime identification
and prediction are the most important subjects for
the police department as there exists a tremendous
amount of data. There’s a need for technology
through that case-solving might be quicker.

The goal of this research is to form what’s
already publicly offered statistics accessible and
unjust for residents. The purpose of extracting
datasets from government websites via web
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scraping is to create a system that will assist the
police and other official bodies involved in
national security operations to allocate an adequate
number of resources based on locations, causing
these illegal activities to eradicate before their
incidence. Handling crime data is incredibly
difficult because the size of crime knowledge
grows in no time, therefore it will cause storage
and analysis issues. Particularly, problems arise on
the way to selecting correct techniques for
analyzing data due to the inconsistency and
inadequacy of those kinds of data.

The objective of this study is to use a machine
learning algorithm to forecast if a city will have
low, medium, or high violent crime rates using
crime data. The XGBoost method, which is one of
the elements of ensemble learning techniques
based on Decision Trees, encourages the
development of a system that can anticipate crime
in areas where it is most likely to occur. XGBoost
model has the best combination of prediction
performance and processing time compared to
other algorithms and techniques like Random
Forest, SVM (Support Vector Machines), KNN,
etc. This work helps law enforcement agencies of
those particular cities to predict and detect crime
with improved accuracy and thus reduces the
crime rate.

1. LITERATURE SURVEY

For the proposed problem, several systems have
been developed. The offered procedures had
produced the intended outcomes, although they
had some disadvantages. Because most datasets
were not detailed, most systems lacked adequate
datasets (3,5,7). Some features, such as population,
habitat, and transportation data, were left out.
Unbalanced datasets were employed (7). The
models also fail to provide in-depth mapping of
crime within the country’s internal cities (5). The
papers are mainly concerned with comparisons
between different algorithms, but they do provide
a full analysis of the algorithm’s performance (2).
The model constructed with Multi-Linear
Regression, on the other hand, had a minor
mistake during training. However, the limitations
covered by alternative models are not explicitly
stated in this study. Although the accuracy of
KNN and decision tree classifiers was found to be
the highest, the analysis was limited to KNN and
not decision tree classifiers (1). The same
classifiers did not produce relevant results when
dividing violent and nonviolent offenses. Because
the initial data set lacked sufficient predictability
to attain high accuracy, researchers discovered that
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dividing crime categories into smaller, larger
groupings was a more relevant method (15). When
it comes to prediction, the model’s accuracy is
lacking. The accuracy of both methods was less
than 50% (8). In places with few recorded crime
events, generalized mistakes were observed as a
result of overestimation. The dataset that was
employed was a mixture that resulted in noise (9).
Some studies analyze crime at a granular level
using the newest equalization and boosting
ensemble techniques from machine learning (13),
however there is an insufficient comparison
between models and no clear description. Certain
strategies provided a solution that would be too
costly to develop in real life (11).
III. SYSTEM WORKFLOW

A. Features

The crime data is gathered using an API given
by the New York City Police Department (NYPD)
on the NYC Open Data portal which is reserved
for free federal data to involve civilians in the
reports generated and managed by the city
administration. This data set contains all valid
offenses delivered to the NYPD. The data set is
updated every quarter. The data is in CSV format
and contains over 4.5 million records.

Below tables depict the brief description of
attributes used for analysis (Table I) and prediction

(Table II).
TABLEL  ATTRIBUTE SELECTION FOR ANALYSIS
Attribute Description

CMPLNT _FR DT Date of crime
occurrence

CMPLNT _FR TM Time of crime
occurrence

BORO NM Name of borough
where crime
occurred

LAW_CAT CD Level of offense:
felony,
misdemeanor,
violation

LOC _OF OCCUR_DESC | Specific location
of crime
occurrence

PREM _TYP DESC Specific
description of
premises

OFNS DESC Description of
offense

SUSP_AGE GROUP Suspect’s Age
Group

SUSP RACE Suspect’s  Race
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Description
Suspect’s
Description
Victim’s
Group
Victim’s
Description
Victim’s
Description
Midblock
Latitude
coordinate
Midblock
Longitude
coordinate

SUSP SEX Sex

VIC_AGE_GROUP

VIC RACE Race

VIC SEX Sex

Latitude

Longitude

TABLE II. ATTRIBUTE SELECTION FOR PREDICTION

Attribute Description
CMPLNT FR DT | Date of crime occurrence
CMPLNT FR TM | Time of crime occurrence
BORO NM Name of borough where

crime occurred
LAW _CAT CD Level of offense: felony,
misdemeanor, violation
OFNS DESC Description of offense
Latitude Midblock Latitude
coordinate
Longitude Midblock Longitude
coordinate

B. Data Preprocessing

Data preprocessing involves reconstructing the
original data to proper data-sets since machines
cannot utilize data that they cannot interpret.
Typically, the original data is incomplete and
formatted inconsistently. The adequacy or
inadequacy of data preparation is associated with
the success of every project that requires analysis
or prediction of data. Validation and imputation of
data are both part of data preprocessing. The goal
of validation is to determine whether the data is
complete and accurate. The purpose of the
imputation of data is to rectify errors and input
missing values.

For the preprocessing of the data-set, the data
that wasn’t required for analysis or prediction was
first dropped. Then the dataset was split into two,
one data-set for analysis and the other for
prediction. For the analysis data-set, there were
quite a few missing values. Instead of dropping
entire rows, missing values were replaced with
“UNKNOWN” values to avoid the loss of data.
For better analysis, the date and time were used to
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include the year, month, day of the week, part of
the day, and hour at which the incident occurred.

For the prediction data-set, features like the
date, time, latitude, longitude, category, and
description of the crime were selected. Since
analysis prefers the data to be in numerical format,
the categorical variables were converted into
numerical format for crime categories and
descriptions. The date and time properties were
also used to add the year, month, day of the week,
part of the day, and the hour in a numerical format.
C. User Interface

The Ul is a web application deployed using
Streamlit, Streamlit is an open-source framework
for machine learning and developing data-driven
web  applications  seamlessly. The entire
application is built using Python and its libraries
such as Pandas, Numpy, Plotly, and Folium. The
data for both crime analysis and prediction is
extracted using NYC open data APIL. Python
Folium is used for displaying the prediction
results; the result is displayed in form of maps
with latitude-longitude marked over it. The user
can also view the results by hovering over the
map.

The Crime Analysis is displayed in form of
interactive maps and charts, the user gets the
option to filter the analysis result by selecting the
“boro_nm” i.e., the city name. The system also has
a user review system where users can input the
query, as well as view reviews made by others, the
SQLite database stores the responses obtained
from the reviews. This can be later used for
performing analysis.
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Fig. 2. System Workflow
IV. ALGORITHMS

Several machine-learning algorithms  for
predicting crime have been developed and applied.
as follows:

A. Decision Tree (D-Tree)

By using non-parametric supervised learning
methodologies, the Decision Tree algorithm
produces prediction models. Here, from the
training data, simple decision rules are presumed
for the creation of training models that can predict
the classes and the values of actual variables. This
approach gradually generates an associated
decision tree by slabbing down a dataset into
smaller chunks. The tree that results has decision
nodes and leaf nodes. The instance here uses a
simple D-Tree class that receives training data as
an input.

B. K-Nearest Neighbor (KNN)

By measuring the Euclidean distance between
two points, the KNN algorithm captures similarity
between them. In this algorithm, there are no
assumptions about data, making it very useful for
nonlinear data. The computation aspect of the
algorithm is a bit expensive since the training data
is stored. It is, nevertheless, a versatile approach
because it may be used for both classification and
regression. For this study, a simple KNN class is
called with a k-value assigned to the number of
notable crimes in the dataset, and the results are
estimated accordingly.

C. Naive Bayes (NB)

Naive Bayes i1s a multi-class binary

classification method. The computation of the
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probability for each hypothesis is untangled to
make their computation tractable, hence the name
Naive Bayes.

1) Gaussian:

Naive Bayes can be applied to real-valued
attributes if a Gaussian distribution is assumed.
The name for this augmentation of Naive Bayes
is Gaussian Naive Bayes. Gaussian Naive
Bayes is a variation of Naive Bayes that
handles continuous data and follows the
Gaussian normal distribution. Other functions
can be wused to approximate the data
distribution, but the Gaussian or Normal
distribution is the most straightforward since
you only need to estimate the mean and
standard deviation from your training data.

2) Bernoulli:

Bernoulli Naive Bayes is based on the
Bernoulli distribution and is used for discrete or
continuous data. Independent Booleans, or
binary variables, such as success or failure, true
or false, 0 or 1, yes or no, and so on, are
properties of the multivariate Bernoulli event
model. When binary term occurrence
characteristics, such as whether or not a word
appears in a document, are used instead of term
frequencies, such as the frequency of a word in
the document, this technique is favored.

D. Stochastic Gradient Descent (SGD)

SGD Classifier is a simple stochastic gradient
descent learning technique that supports a variety
of classification loss functions and penalties.
Stochastic gradient descent is an optimization
approach for reducing a prediction model’s loss
across a training dataset. SGD Classifier supports
multi-class classification by combining multiple
binary classifiers in a “one-versus-all” approach.
For each class C, a binary classifier is learned to
distinguish it from all other C-1 classes. Here,
‘modified huber’ for loss parameter is selected
with a random state of 50 as it is competently
appropriate for one-vs-all classification since they
encourage the creation of a probability model.

E. Long Short-Term Memory (LSTM)

In LSTMs, long-term dependencies are learned.
By default, LSTM can retain information for a
long time and use time-series data for analysis,
prediction, and  classification. In  this
implementation, the activation is set to ‘sigmoid’
with  ‘Adam’ as an optimizer and is
‘mean_squared_error’ as the loss. Before updating
the internal model parameters, the model runs
through 50 samples. Furthermore, the algorithm
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will iterate over the entire training dataset 50
times.
F. Random Forest

The Random Forest method is a superior
classification system based on the decision tree
algorithm’s foundation. It enables to dodge
overfitting and deals excellently with the missing
values in a dataset. It involves the bagging or
bootstrap aggregation approach of ensemble
learning techniques to solve complicated problems
by compressing several classifiers concurrently
and taking the intermediate or mean of the results.
In this research, the model builds 100 trees
randomly by bootstrap aggregation with 100
minimum samples splitting an internal node.

G. Extreme Gradient Boost (XGBoost)

XGBoost is an optimized disseminated gradient
boosting framework consisting of Decision Tree as
its roots designed to possess high efficiency,
flexibility, and portability. XGBoost provides a
parallel tree boosting that solves numerous data
science problems swiftly and precisely. ‘gbtree’
booster is used here, which uses tree-based models
and ‘gpu hist” (GPU implementation of hist
algorithm) for tree method, and thus ‘gpu
predictor’ is used to provide GPU-based prediction
without copying training data to GPU memory;
‘multi: softmax’ tells XGBoost to use the softmax
objective for multiclass classification. ‘mlogloss’
(Multiclass log loss) serves as an evaluation metric
for validation data with a ‘cyclic’ feature
executing a deterministic selection through
features individually.

V. RESULT AND ANALYSIS
A. Prediction Results

Eight types of machine learning models were
used; Decision Tree, Random Forest, K-Nearest
Neighbor, Stochastic Gradient Descent, Bernoulli
Naive Bayes, Gaussian Naive Bayes, Long-Short
Term Memory, and Extreme Gradient Boost.

The observed results showed that neither SGD
nor Gaussian NB is appropriate for this problem.
In this problem, XGBoost is suitable since it has
2% more accuracy than Random Forest (Table
I11).

A map showing prediction results (Fig. 5.1),
with red spots indicating crime descriptions
plotted using the latitude and longitude for those
particular offenses.
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TABLE 111 PREDICTION ACCURACIES OF
ALGORITHMS

redicted | Severity Offense

— Type
Algorithm |

D-Tree 44% 21%
Random Forest 51% 26%
KNN 48% 21%
SGD 51% 12%
Bernoulli NB 49% 21%
Gaussian NB 50% 12%
LSTM 32% 18%
XGBoost 51% 28%

Fig. 5.1. Prediction results
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The blue circle on the map (Fig. 5.2) indicates
the clusters formed based on offense
types. Depending on the type of crime, the offense
can be classified as ASSAULT, ROBBERY, etc.
The months in this example range from 1 to 12
where 1 indicates January and 12 indicate
December.

B. Analysis Results —

The Crime Frequency by Month graph (Fig.
5.3) displays the crime frequency by dayparting
over the course of a month. Day, night, evening,
and afternoon are the four sorts of dayparting
attributes here. The months from January to
December are included here. The months are on
the X-axis, and the crime count is on the Y-axis.

Crime Frequency by Month

dayparting
W night

W roming

W afternoon

W Evening
~,

The below analysis display the crime frequency with respect to dayparting over a month!
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Fig. 5.3. Crime Frequency by month

There are seven features for the suspect race,
including “Unknown”, “Black”, “White Hispanic”,
“White”, “Black Hispanic”, ‘“Asian/Pacific
Islander”, and “American Indian”, with the % of
crime committed by individuals belonging to that
race (Fig. 5.4).

Criminal analysis based on race

The below plot display the crime rate with respect to the race of suspect performing crime!
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Fig. 5.4. Criminal analysis based on suspect race
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Crime study based on a day-by-day count of
crimes (Fig. 5.5), with days ranging from Monday
to Sunday, and the quantity of crime committed on
each day expressed as a percentage.

The crime analysis is shown as a bar plot (Fig.
5.6) based on the gender of the victims. The
gender attribute is divided into four types: Male,
Female, Diverse, and Others. The “victim sex” is
on the X-axis, while the “count” is on the Y-axis.

Crime Count on each day

The below plot display the percentage of crime occuring each day!
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Fig. 5.5. Crime count on each day
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The box plot (Fig. 5.7) indicates the following
result, The suspect race, here there are 7 attributes
for suspects race i.e “Unknown”, “Black”, “white
Hispanic”, “White”, “Black Hispanic”,
“Asian/Pacific Islander” and “American Indian”,
with the crime description i.e. crime performed by
their race. On the X-axis is the “suspect-race” and
on the Y-axis is the “offense description”.
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Fig. 5.7. Crime type based on suspect race
The pie chart (Fig. 5.8) shows the crime
analysis based on the percent of crime done with
respect to offense type, here the offense type or

law category is divided into 3 types:
“Misdemeanor”, “Felony”, “Violation™.
Determining level of offense
B MISDEMEANDR
W FELONY

B VIOLATION

Fig. 5.8. Level of offense

The bar plot (Fig. 5.9) depicts the crime
analysis based on victims’ age group, the age-
group attribute is categorized in six types
respectively “45-64 age”, “65+ age”, “25-44 age”,
“Unknown”, “less than 187, “18-24 age”; on the
X-axis is the “victim age group” and on the Y-axis
is the “count”.
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Crime victims by age group
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Fig. 5.9. Crime victims by age group

The bar plot (Fig. 5.10) represents the criminal
analysis in terms of hours, with the hour attribute
having 24 hours ranging from 0 to 23, for a total of
24 hours. The “Hour” is on the X-axis, while the
“count” is on the Y-axis.

The plot (Fig. 5.11) showcases a criminal
analysis based on crimes committed each day in
relation to hours; the day runs from Monday to
Sunday, and the hour goes from 0 to 23, totaling
24 hours; the X-axis represents the “weekday”,
and the Y-axis represents the “count”.

With the help of the “red-spot” that appears
when hovering over these areas on the map (Fig.
5.12), the crime description, i.e., type of crime
committed in the specific location, is shown.

Crime count on each Hour

hu

500 B 200
E B 150
- 400 1

[ 14.0
a0 o

oo 0.0

- I I I I :

I 16.

o
0 5 10 15 20

hour

Fig. 5.10. Crime count on each hour

w

[

2019 80-89




Crimes Count per day
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Fig. 5.12. Map Analysis

The map (Fig. 5.13) presents the crime index
vise, which is categorized using pin codes. The
data is mapped here based on their location index,
therefore it depicts similar crimes that occur in
those clusters.
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The following map shows crime index vise i.e pin code vise

The data maped here is according to their index i.e pin code, hence it maps the similar crime with

respect to law_category happning it thoes cluster.
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Fig. 5.13. Map for index vise crime
VI. CONCLUSION

Throughout this study, the primary objective
was to determine ways to utilize statistics to
predict the overall number of crimes committed in
a particular metropolitan city. The clustering
method was employed to find the spatial patterns
and density of crime in each city during the spatial
analysis procedure. Although the Random Forest
is the most effective predictor of crime severity, it
fails to deliver a precise result since the latest
prediction output depends on the mean of the
previous ones. In this case, the best results were
acquired by the XGBoost Classifier because
boosting suppresses the drawbacks of bagging by
dealing with underfitting or biasing parts of the
dataset. Likewise, it was effective in predicting
crimes likely to occur in the future.

The results of this research can help police
officials in finding the most optimal places for
locating the police stations in a city and to
determine the strategies to reduce the crime rate.
This work should be expanded by studying a
temporal analysis of criminal data and developing
a model that could predict not only the number but
also the severity of crimes.

VII. FUTURE SCOPE

This project can be enhanced by including the
sentiment analysis that enables the prediction of
future crimes in major cities via GPS-tagged
Twitter data. Through the analysis of publicly
available sources of data, such as social media
postings, it is often possible to commence
recognition of those issues of greatest concern to
those less engaged through other means—to hear
those voices that are often overlooked. There is a
great opportunity to be gained by learning to
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understand those concerns and be responsive to
them, and great peril in ignoring those concerns.

Future work will involve using neural network
algorithms such as ANN (Artificial Neural
Networks), MLP (Multilayer Perceptron), RNN
(Recurrent Neural Networks), GRU (Gated
Recurrent Unit), etc. by converting classification
problem to regression and possibly improve the
prediction accuracy and acquire more reliable
results.
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Abstract- The exponential rise in the demands for reliable and
fault resilient communication over Wireless Network Control
Systems (WNCS) across industrial monitoring and control
ecosystems has alarmed academia-industries to develop more
efficient wireless transmission solutions. On the other hand, the
emergence of cloud-assisted Internet-of-Things (loT) also has
broadened the demands for reliable WNCS systems. To cope up
with such irreplaceable needs, WNCS has exploited different
wireless communication paradigms including IPv6 Routing
Protocol for Low Power Lossy Networks (RPL) based WSN that
enables reliable communication across the industrial setup to
make optimal real-time process decision. However, being
dynamic in nature WNCS with often undergo link-outage due to
dynamic topology, node death, congestion etc. Though, a few
researchers have addressed the routing problem in WNCS;
however, integrating RPL with mobility to enable optimal
communication has remained untouched. Additionally, no
significant research addressed fault-resilient routing decision
over WNCS setup, which motivates us to develop a highly robust
Fault-Tolerant and Reliable mobile-RPL Routing Protocol for
W-NCS (FTmRP-NCS). Unlike classical WNCS models,
FTmRP-NCS employs dual objective-based routing decision by
considering the Received Signal Strength Indicator (RSSI) and
the number of control packets required (ETX). Here, the
inclusion of RSSI ensures forwarding path formation with most
reliable link condition, while ETX objective function helps
maintaining low control packets and hence low energy
exhaustion, low redundancy and high efficiency. FTmRP-NCS
applies link-sensitive mobile node movement for data gathering
across WNCS, which makes overall communication more reliable
as well as time-efficient. Furthermore, fault-sensitive routing
decision strengthens our proposed FTmRP-NCS protocol helps
WNCS to yield optimal performance. FTmRP-NCS has been
applied over standard IEEE 802.15.4 protocol stack and
functions in parallel to the link and network layer, which retains
backward compatibility with native RPL and hence assures easy
implementation with real-time WNCS environment.
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I. INTRODUCTION

Development of technologies demands innovative and
effective  solutions for communication in various
applications of industries, academia, scientific communities
as well as government agencies.

Amongst major applications, industrial communication has
emerged as one of the most demanding sectors where
enabling reliable and fault-tolerant data transmission is
inevitable [1].

Network Control Systems (NCS) being one of the most

used technologies in industrial communication demand
efficient and reliable transmission protocol to collect sensed
data from plants and send it to the automation controller to
make transient control decision [2]. Towards these
objectives, wireless NCS (WNCS) has emerged as a
potential solution that not only augments reliable
communication but also reduces complexities [3]. The use
of WNCS systems in industrial automation has strengthened
industries to augment their productivity while assuring
maximum fault-resilience, where the role of a robust
transmission system 1is irreplaceable. WNCS comprises
sensor nodes deployed across the physical plant to collect
event information. The deployed sensor nodes transmit their
targeted local information to the controller through the
gateway using a wireless channel. On the other hand,
controllers compute control commands on the basis of the
retrieved sensor data and send it to the actuators for timely
actuation control of action control in the physical plant [4,
5]- The major use of WNCS is predominantly because of the
large scale rise in the embedded computing, wireless
networks and cloud computing, which gets further
augmented due to diverse applications such as automotive
[6, 7], avionics [8], building management [9] and industrial
automation [10]. In the last few years, massive use of
WNCS has surfaced for Industry 4.0 assisted Smart
Manufacturing [12].
In practice the cluttered and noisy network environment
influence overall WNCS performance significantly. On the
other hand, the classical static node deployment based
Wireless Sensor Networks (WSNs) are confined to alleviate
major at hand issues such as link-outage, network condition
changes, node death cause packet loss etc [13]. It demands
certain more efficient transmission protocols with mobility
feature that could assist timely and reliable data delivery
from the deployed sensor nodes to the Network Gateway
(NGW), automation controllers and actuators [14].
Unfortunately, native IEEE 802.15.4 standard based WSN
doesn’t employ mobility model due to classical reactive
routing characteristics.
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Dynamic topology and link variations are the key issues in
mobile-WSN. However, introducing mobility with WSN,
often called mobile-WSN has surfaced as one of the broad
research areas for research communities. It can be considered
as one of the prime motives of this research. Additionally,
performing an in-depth study it can be affirmed that in the
last few years the evolution of WNCS and cloud
technologies have introduced the concept known as Smart
Factory or Smart Manufacturing [15]. Smart Manufacturing
exploits technologies like advanced communication system,
cloud computing, BigData analysis,

Internet of Things (IoT), WNCS and advance automation
control [16]. Summarily, this model requests certain robust
data transmission scheme with high reliability and timely
data delivery at the NGW or automation controllers to make
early actuation control or allied decisions [16]. Thus it can be
noted that NCS has a decisive role in achieving reliable
performance in Smart Factory. Even, it has been identified as
one of the inevitable needs for Industrie 4.0 assisted Smart
Manufacturing concept. With this motive, in the last few
years numerous international organizations such as Wireless
Avionics Intra-Communications Alliance [8], International
Society of Automation [17], Zigbee Alliance [18], Z-Wave
Alliance [19], Wireless Industrial Networking Alliance [20]
etc have been working on WNCS optimization to enhance
industrial communication.

Being a large scale distributed network industrial process
control or automation system demands reliable, timely [11]
and fault-resilient communication across the system to meet
Quality of Service (QoS) provision. However, the cluttered
and noisy environment in industries confines major classical
communication protocols to undergo loss condition that
adversely affects overall control function, productivity and
QoS provision. In such case the use of an enhanced IPv6
Routing Protocol for Low Power Lossy Network often called
RPL can be of paramount significance [21].

Realizing the significance of mobility feature in sensor
networks, IoT in smart factory concepts and RPL as a robust
routing protocol, in this research the predominant emphasis
have been made on enhancing aforesaid constructs to
accomplish a novel and robust solution towards optimal
WNCS communication purposes. As a contribution, to
enable mobility based sensitive data gathering solution, we
have applied link sensitive mobility control or mobile node
positioning which ensures maximum possible or optimal
data gathering from the connected wireless sensor nodes. On
the other hand to ensure optimal routing decision over
mobile-RPL (here onwards called mRPL), we have designed
a novel multi-objective function based RPL routing decision
model, which considers both RSSI as well as ETX as an
objective function. Noticeably, the inclusion of RSSI
ensures that the proposed WNCS routing model will
constitute forwarding path with the best link quality while
ETX objective function retains low computational
overheads or redundant communication (of control packets)
to enable communication across distributed WNCS. It
makes WNCS communication cost and computationally
efficient. Thus, the inclusion of link-sensitive mobility
control and data gathering, multi-objective function (RSSI
and ETX) based routing decision ensures QoS centric,
timely and reliable data transmission across WNCS to meet
real-time communication demands. As a noticeable
contribution, in this research a fault-sensitive alternate
forwarding concept is developed which ensures timely data
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delivery without imposing significant (iterative) node
discovery, retransmission and resource consumption. It
strengthens our proposed WNCS set up to achieve optimal
communication across WNCS (distributed) nodes to make
timely and efficient real-time decisions. Thus, inheriting
above stated contributions (multi-objective function based
routing model, link-sensitive mobility control and data
gathering, and fault resilient communication), we introduce
our proposed routing protocol as “Fault-Tolerant and
Reliable mRPL Routing Protocol for WNCS (FTmRP-
NCS)”.  FTmRP-NCS protocol has been applied over
Contiki simulation tool where its performance has been
examined in terms of Packet Delivery Ratio (PDR) and Low
Packet Loss Rate (PLR) and delay. The simulation results
affirm robustness of our proposed FTmRP-NCS to meet
contemporary WNCS demands. Furthermore, since the
proposed routing protocol is applied in parallel to the link
and network layers of the native RPL, it ensures preserving
backward compatibility. It confirms its suitability with real-
time WNCS communication environment.

The other sections of the presented manuscripts are
divided as follows. Section II discusses the related work
which has been followed by the detailed discussion of the
proposed system in Section III. Section IV presents the
results and discussion and the overall research conclusion is
given in Section V.

II. RELATED WORK

This section primarily discusses some of the key
literatures pertaining to NCS communication and allied
routing protocols.

In the last few years the emerging communication
complexities and fault proneness has forced industries to
exploit wireless networks in control applications, also called
“wireless automation”, which can revitalize the overall
automation industry as well as smart factory paradigm [22].
Undeniably, unlike classical NCS, the use of Wireless-NCS
(WNCS) delivers cost-effective, flexible and more reliable
communication for transient decision process [23]. Ploplys et
al [24] designed WNCS comprising a plant and a controller
exhibiting point to point wireless communication between
them, where they found that the overall control efficiency
predominantly depends on the transmission efficacy, where
wireless communication with better routing provision is a
must. Ploplys et al also stressed on incorporating fault-
tolerant transmission system which could perform reliably
under the cluttered plant or network environment. A similar
inference was made in [25] where Antsaklis et al stressed on
incorporating efficient communication amongst controllers,
system  sensors, actuators etc. Considering the
implementation of WNCS Willig et al [26] found that there
the predominant issues influencing overall network
performance and controllability are time delays, packet
losses while during transmission [27]. With this motive, the
authors recommended better network protocols, transmission
scheduling [28] congestion control [29] and estimation [30]
for both wired and wireless control systems. In a few kinds
of literature it is found that there is an inevitable need to
augment communication scheduling to retain the stability of
controller [31].
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In [32] authors explored different at hand technologies
and allied complexities in industrial communication and
found that WNCS can be of vital significance that could
support transient and reliable industrial controllability as well
as home automation even with cluttered plant (say, network)
conditions [22]. Furthermore, the authors focused that the
predominant problem with WNCS is the uncertainty of
communication, co-existence with other wireless networks
and security and Quality of Service (QoS) provision. To
mitigate these issues, Baronti et al [33] applied Wireless
Sensor Networks (WSN) as communication technology
between sensor nodes and controller or actuator.

Majority of the classical wireless communication WNCS
paradigms apply wireless devices such as Bluetooth, ZigBee
(based on IEEE 802.15.4 radio) and WLAN (IEEE 802.11)
that often undergo link outage due to exhaustive network
condition and link outage [34] and hence recommended
MAC enhancement to reduce communication losses.
Understanding the limitations of ZigBee [35], Neumann et al
[23] recommended using certain an enhanced wireless
hardware as well as heterogeneous networks; however such
approaches can lead huge computational overheads and
hence reduced QoS provision. As enhanced solution,
Branicky et al [36] recommended augmenting both MAC as
well as link layers which are highly vulnerable to getting
error or vulnerabilities. With this motive, later a fault
tolerance model for sensor node was proposed in [37] where
Prasenyjit et al applied the multipath routing scheme. Recently
to achieve efficient communication in WNCS, Winter et al
[38] recommended IPv6 Routing Protocol for Low Power
and Lossy Networks (RPL). The noticeable inferences were
found in [39], where Tsiftes et al observed that
predominantly data packets are lost during selecting an
alternate path. Besides, higher payloads, hop-counts,
mobility and resulting topological changes were found key
reasons for reduced packet delivery rate (PDR). In this
relation, Pavkovi et al [40] focused on enhancing RPL path
selection using an opportunistic routing protocol. To enhance
the reliability of the data transmission and low delay
communication authors used multipath transmission scheme
over native RPL with default objective function (OF) [41].
However, this approach could not address the link outage due
to rapidly changing topology. As a solution for these issues,
Lee et al [42] developed mobile RPL concepts, where the
prime focus was made on enabling mobility feature with
native RPL. Hong et al [43] developed mobility-based RPL
routing protocol using link quality index; however
computational complexities and overheads could not be
addressed. In their approach [44] mobile nodes find multiple
paths or alternate path in case of a route failure. In [42] ETX
was used as OF to perform routing decision, especially the
best neighbouring node to form DAG. However, these
approaches suffer significantly high control traffic and link-
failure caused packet loss [47]. As a solution, Korbi et al [47]
developed a dynamic DIS management model for mobile
RPL protocol, where ETX was used as OF. Korbi et al [47]
narrowed down their research to reduce computational
overheads. RSSI was used in [48] to perform routing
decision or OF for DODAG formation. In [49] CO-RPL was
proposed that used the concept of Corona for mobile node
placement. In these classical approaches, mobility
management has always been the issue and hence in [50]
Bayesian model-based mobility prediction RPL was
developed. Safdar et al [44] found that the inclusion of both
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reactive, as well as proactive methods can be vital to
augment RPL for mobile communication environment. In
[51] Lee et al focused on enhancing trickle timers for DIO
optimization, where they found it suitable in the range of 2-
10 seconds.

By observing the above key kinds of literature, it can be
found that WNCS system requires highly robust and efficient
wireless routing protocol that could ensure reliable and
timely data deliver (say, communication) across NCS
(amongst sensors, controllers, actuators or automation
controllers etc). To achieve it, classical WSN systems can’t
be sufficient, especially under cluttered and noisy
environments such as plants. On the other hand, the use of
mobility with native RPL can be vital to achieve time-
efficient and reliable communication across WNCS.
However, mobility management required efficient routing
and hybrid network management strategy (including reactive
as well as proactive node management with link-sensitive
route update). Considering these facts, this research primarily
focuses on developing a robust fault-tolerant and reliable
mobile RPL routing protocol for WNCS communication
purposes.

III. PROPOSED ROUTING PROTOCOL

As discussed in earlier sections WNCS encompasses
many sensor nodes distributed or allocated across the region
of interest (say, network region), and therefore retrieving
sensing data reliably from each node within deadline time
becomes inevitable. On the other hand, Industrie-4.0
standard based smart factory too demands reliably and
timely data delivery to the cloud infrastructures to ensure
decentralized monitoring and control. Observing Fig. 1, it
can also be found that to enable efficient NCS assuring
optimal data transmission from sensors to the Network Gate
Way (NGW) or control models is must. It needs a certain
suitable  networking  solution, especially  wireless
communication paradigm to accomplish the above -stated
objectives. Towards these objectives, a wireless
communication protocol with fault-tolerant, reliable data
transmission and internet adaptivity can be of utmost
significance. With this motive, in this research paper the
predominant emphasis has been made on developing fault-
tolerant and reliable data transmission system between
sensor nodes and the gateway (also the network controllers).
Towards this objective, in this paper we have exploited IPv6
routing protocol for Low Power Lossy Networks (LLNs)
also called RPL protocol which has been augmented to
accomplish better performance. Noticeably, the cluttered
environment with numerous noise presences across
industrial scenarios, the use of LLNs becomes inevitable.
On the other hand, in modern communication paradigms,
mobility of nodes has broadened the horizon for reliable
communication even across a large scale network. With this
motive, in this paper a robust fault-tolerant and reliable data
communication paradigm is developed for WNCS system.
Considering RPL as a potential solution for WNCS this
research intends to optimise classical or native RPL with a
novel mobility feature supported by a suitable link-outage
resilient routing mechanism.
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As already discussed in previous sections, most of the
existing approaches targeting mobile-RPL have applied
timers such as handoff timers, response tracking timers,
connectivity timers, etc so as to ensure that the link exists in
a suitable range or appropriate. However, such inclusions
make overall protocol computationally bulky and resource
exhaustive and delayed, which cannot be recommended for
WNCS that on contrary demands timely data delivery so as
to make early control decision.

Unlike classical routing approaches, in this paper the
focus is made on reducing additional components or
functional entities such as the different timers, as mentioned
above (except trickle timers that help scheduling network
discovery at a definite interval). We intend to design an
autonomous link monitoring and transmission control model
over WNCS to retain QoS provision and reliable
communication. Considering the fact that dynamic topology
within a large scale network might cause iterative link
outage or congestion, in this research a fault-tolerant and
reliable link-outage repair paradigm is developed. In fact,
the proposed work encompasses multiple contributions, such

as multi-objective functions based routing decision, mobility
control or management under dynamic topology and QoS
sensitive link-repair model. These contributions could
ensure optimal data transmission over WNCS to accomplish
QoS provision. The overall contribution of the proposed
routing protocol can be stated as a Fault-Tolerant and
Reliable mRPL Routing Protocol for WNCS (FTmRP-
NCS). Our proposed FTmRP-NCS contributed the
following:

1. RSSI assisted mobile-sensor node placement
across WNCS to retain reliable and fault
resilient data transmission,

2. Multi-objective function (RSSI and ETX)
based routing decision or best parent node
selection,

3. Fault-tolerant alternate path formation and link
repairing model for QoS centric reliable data
delivery over industrie-4.0 WNCS.

A graphical abstract of the proposed routing protocol is
given in Fig. 1.

Industrie-4.0 assisted Plant
Automation
Application Host

Network
Management

Gateway

IEEE 802.15.4

Fault-Tolerant

Fig. 1. An illustration of the need of fault-tolerant and reliable communication system in Industrie-4.0 assisted
industrial automation

The detailed discussion of our proposed NCS routing model
is given as follows:

Detecting any link-outage FTmRP-NCS routing protocol
at first initiates’ link repair functions that comprise two key
functions named Local Link Repair (LLR) and Global Link
Repair (GLR). Here, the LLR operates once identifying or
detecting sensor malfunction or death and when parent node
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undergoes same situation or fault. On the contrary, GLR is
initiated by a parent node when the network is needed to be
re-constituted after Destination Oriented Distributed Acyclic
Graph (DODAG) formation. LLR operates once identifying
any node failure during communication.
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In this scenario, FTmRP-NCS identifies an alternate path
towards the NCS-gateway or the controller to ensure reliable
and QoS provision. FTmRP-NCS is designed in such a
manner that even in the case when there doesn’t exist any
alternate node or path to accommodate NCS sensor’s data,
the device may function as a new node or autonomous
device that could multicast DODAG Information
Solicitation (DIS) to perform a suitable alternate path
formation for reliable data delivery. Noticeably, our
proposed routing protocol ensures that the node or network
discovery during link-outage doesn’t impose significantly
high computational overheads.

However, in practice, especially in the network
environment with mobile sensor nodes there can be iterative
congestion and the link-outage probability that could force
FTmRP-NCS to undergo link-outage condition regularly. To
avoid such issues, in this paper, proactive network
management strategy has been taken into consideration
where different dynamic network parameters such as
Received Signal Strength Indicator (RSSI) and Expected
Number of Control Packets (ETX) have been considered for
topology management. This as a result helps to ensure a
reliable link for successful data delivery. In this process,
once initiating node discovery often called ND the node
features for each participating node is collected and stored in
a priority-based hash table. In later stage, detecting any link-
outage or node-failure FTmRP-NCS assesses each node in
the table for its superior RSSI and ETX feature values so as
to select the best parent node. Noticeably, in our proposed
FTmRP-NCS routing protocol a node with the highest RSSI
and the minimum ETX is selected as the parent node to
constitute DODAG for successful data transmission to the
NCS-gateways, here onwards called NCS-GW. To be noted,
our proposed FTmRP-NCS routing protocol has been
applied at the top of the native link-layer of the RPL that
ensure both time efficiency, as well as backward
compatibility of the IETF, recommended RPL. This
approach can allow FTmRP-NCS to execute link-repair and
ND (if required) once detecting any link outage at the link-
layer of the IEEE 802.15.4 protocol stack. In case of a re-
constituting best forwarding path, it can obtain the best
possible (available in proactively managed node set) parent
node. In case there is no alternate parent node available
FTmRP-NCS initiates ND and thus avoids iterative ND
execution for best forwarding path selection. In addition to
the above stated features, recalling the fact that the proposed
system employs both RSSI and ETX as an objective
function to make a routing decision, FTmRP-NCS protocol
exploits these link quality parameters dynamically to
perform mobility management. The implementation of our
proposed routing model for WNCS control is depicted in
Fig. 2. Noticeably, the proposed routing model is
implemented on each participating node of the network (Fig.
1.
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Fig. 2. Implementation schematic of the proposed
FTmRP-NCS routing protocol

A. RSSI LQI assisted Topology Sensitive Route Control
for Fault-Resilient WNCS

Considering the fact that the native-RPL doesn’t have
any sophisticated model to deal with mobility or dynamic
topology conditions, we consider the sensor node’s mobility
as the challenge and exploit link-quality parameters such as
RSSI and allied Packet Delivery Ratio (PDR) information
perform mobile node localization so as to ensure outage-
resilient reliable data delivery. In contrast to the
conventional random movement-based mobility
management model, we defined an approach called Definite
Communication Range (DCR) which is used to perform
mobility control. In practice, WNCSW with different
autonomous operating nodes can have sensors of both static
as well as mobile characteristics. Here onwards we refer
static nodes as anchor nodes. Our proposed FTmRP-NCS
protocol implements proactive node table management
(PNTM) that estimates RSSI of each node dynamically,
which is used further to decide optimal movement pattern by
mobile nodes. Noticeably, such features can be easily
implemented in large network region with multiple nodes
and in multi-hop communication approach. In another way,
there can be an open network environment where a mobile
node such as Drones can be applied to collect real-time
senor data to make control decision. In such an environment
the use of dynamic per-node RSSI can help a network
controller to assist best routing decision and forwarding path
selection. PNTM executes beaconing to collect RSSI
information of each node, which is updated in node table
where nodes are prioritized with respect to its link quality
values or RSSI.

To perform node localization FTmRP-NCS protocol
exploits DCR information in which the mobile sensor node
obtains its geographical location by overlapping DCR of the
different anchor nodes. Here, it estimates the effect of each
static or anchor node on the link reliability so as to ensure
optimal forwarding path selection. It ensures reliable data
transmission across the network.
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Noticeably, the RSSI value obtained for an anchor close to
the mobile node would always be more in comparison to the
RSSI of the node existing at a farther distance. Thus, the
reliability of the link with initial cases (having higher RSSI)
would always be better than the other (link with lower
RSSI). In such cases augmenting the mobility management
by assisting mobile node to the target sensor across the
network can help to avoid link outage problem due to
improper path formation. Here, we hypothesize that the
DCR factor functions on the basis of an assumption that the
mobile node has the knowledge about the time-varying link
conditions using long-distance path model. Now, applying
this method, the RSSI value at a node at a certain time
instant t can be obtained as (1).

RSSI' = S, — 10alog,,d -B (1)

In (1), the variable 5;p,states the signal obtained at the
distance of 1 meter and @ signifies path-loss exponent with
D' meter radio range. In addition, B~MN{0, |:r,'-;.] refers to the

zero- mean Gaussian noise. Here, we estimated the distance
between the anchor node and the mobile node using (2).

- pssit-5) o )
Dicq = 107 1o &Y

Noticeably, because of the exponential relationship
between distance value (2) and its link quality information
(in terms of RSSI), ﬁlt{gg[ applies Gaussian distribution
function. Applying log-normal distribution function for
inter-node distance estimation we obtain,

InDfeg; ~M(InD%.03) (3)

In (3), the variable D' states the distance between the
anchor node and the mobile node at tth time instant. Here,
the standard deviation (4] is obtained using (4).

og = {D’.r.lﬂ].[]} = (10a) “4)

Now, applying the above derived values, the probability
density function (PDF) has been obtained using (5).

1 (InD —nD)° 5 - o Q)
PDF(D) = {Zma,p * 205 =
0 if D<o,

In (5) D signifies the distance. Once estimating PDF, we
have derived DCR of a-th anchor node, where a new
attribute Czsignifying DCR is estimated where the mobile
node fis supposed to exist to gather data reliably. Let, the
mobile sensor node exists within the DCR, and then the
confidence likelihood beDCRypn. Typically, in major NCS
environment sensor nodes are armoured with omni-
directional antennas that make DCR as a circular periphery
with the communication range, denoted by r and centred
over a-th anchor node. DCR gy is obtained as (6).

DCRpyep = PriD*<r} (6)

Further,
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In (7), m-th node defines its DCR value by overlapping
different DCRs of the N closest anchor nodes.
Mathematically, it can be presented as:

Li =L, MLy 0 e N Ly (8)

In (8) N states the total DCR formed with reference to the
neighbouring anchor nodes. FTmRP-NCS enables
localization of the mobile node to retain reliable
communication. The optimal location Pm within DCR is
obtained using (9). Practically, it is achieved by identifying
the location of the discrete points within L, as defined in
(8). In our proposed routing protocol, the mobile node uses
PDF value to assess the likelihood of a node to be available
withinLg. Now, hypothesizing that the anchor nodes are self-
directed mobile node can identify its optimal location to
perform reliable data gathering from the NCS sensor nodes.
The mobile node location identified would be obtained as

).

Pm = max H DCRyyop (D) Ve € Ly, ©)

neAF

In (9), D, ; signifies the Euclidean distance in between
cth and ath anchor nodes. The other attribute A" refers to the
nodes participating during mobile node localization. Thus, it
becomes possible to gather NCS sensor data reliably and
timely by means of inducting mobile node (for data
gathering). However, such an approach often causes
topological variation resulting in packet loss probability. To
alleviate this problem FTmRP-NCS applies multiple OF
including RSSI and ETX to decide best parent nodes
dynamically. The detailed discussion is given as follows.

B. Multiple Network Parameters assisted Best Parent
Node Selection for FTmRP-NCS

Considering the overall functional characteristics of the
WNCS system, it can be observed that it employs two way
of communication, one performing transmission between
two NCS (static) sensor nodes where it intends to transmit
data to the gateway for autorotation control. The other mode
of communication can be from a mobile sensor to the anchor
or vice versa.

In NCS systems there can be multiple anchor sensor
nodes that collect real-time process or event information and
passes it to the network controller or automation control
system through a network gateway. This process of
communication within two or multiple static nodes can be
stated as inter-anchor node (IAN) communication. In this
case, the static nature of nodes deployed avoids any
topological changes, until a participating node doesn’t die. It
retains the network more stable. In this transmission
mechanism, a node can assess the neighbouring node for its
suitability as the best forwarding node using distance and
residual energy factor.
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On the contrary, the communication between the mobile
sensor node and an anchor node might undergo topological
changes along with link quality (i.e., strength) variations.
This as a result, could cause link-outage and hence can
adversely affect QoS transmission over WNCS. Considering
the above-stated condition, though the native RPL can be
sufficient for IAN, its efficacy remains suspicious for
mobile node based data gathering over WNCS. In such
cases, optimizing native-RPL can be a potential solution by
incorporating dynamic best forwarding path selection
measures and DODAG formation while keeping
computational overheads within the cap. In this approach,
DADOG is constituted by means of DIOs messages where
at first the transmitter node transmits multiple messages to
the neighbouring nodes across WNCS that helps it receiving
single DAO messages as a unicast message from multiple
nodes. In this method, DAO packets are obtained as ACK
that embodies key network information comprising RSSI
information and ETX values, pertaining to each possible
link. Obtaining these key factors each link can be inferred in
terms of certain rank information (signifying efficacy of the
node to become a parent or the best forwarding node). The
node-rank of each participating sensor nodes helps to make
a proactive node table characterizing possible parent node
where each node is ordered in the decreasing order of
respective rank values.

In this manner, the node with the highest rank
(characterizing higher RSSI and minimum ETX) is selected
as parent node that helps to form DODAG for reliable data
transmission to the gateway or eventual NCS network
controller or automation units. With the estimated RSSI
value of i-th node available in proactive (parent) node table,
the PDR of that corresponding link can also be obtained. In
addition, it can help ETX estimation using (10).

(10)

ETYX; = + ETY,

PDR,;

ETX;in (10) signifies the total number of control packets
required to communicate between i-th anchor node and jth
forwarding node. Similarly, ETX; refers to overall control

messages required from j-th node to the anchor node. The
overall PDR value between i-th and j-th nodes within
WNCS is PD'R;;.

1

Thus, exploiting RSSI and ETX values for any link or
node FTmRP-NCS protocol perform best parent node
selection for reliable data delivery over WNCS. Now,
identifying the best parent node FTmRP-NCS protocol
forms DODAG towards the network gateway, where the
sensed data are collected and further processed by the
network controller and automation controllers to make a
transient decision. Furthermore, to assist above stated
transmission decision, while transmitting data from the ath
anchor node the overall ETX needed to transmit data via f-th
mobile node is obtained by summing it to the ETX required
from a-th anchor node (denoted by ETX¢,). Thus, the total
ETX needed to be (12).

an
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ETX; = ET¥;, + ETX, (12)
ETX, Can easily be estimated by using rank information of
the a-th anchor node. Now, to estimate the likelihood of a
node to become a parent node, DIO message is unicast by
the sensor nodes that acknowledged RSSI and ETX
information to the requesting node. In FTmRP-NCS PDR is
estimated between mobile and the a-th anchor node at t-th
time instant when the RSSI is higher than the transceiver’s
sensitivity (R55lyy,). In other words,

PDR;, = Pr{RSSI{, = RSSLy} (13)

Now, with increase in inter-node distance and reducing

RSSI, PDR;, would be (14)
PDR;, =Pr{B < S, — 101log,qde, — RSSL, ). (14)

Considering B as a Gaussian distribution function MV {U. l:r%-},
the PDR in between the anchor sensor node and the mobile

node can be obtained using (15).
exp | —5— |dB, )

u‘ﬁuﬁ ]

X
PDR, = Pr{g < X} = f

In above derived PDR estimation model (15), the
condition with X signifies higher precision than the classical
Sym — 10alog,, Dgs — RSSLy,  based approach. In our
proposed FTmRP-NCS routing protocol Dy ; has been
substituted by Dp.. Thus, exploiting dynamic RSSI and
PDR information, the f—th mobile sensor node performs
parent node, & selection so as to ensure reliable and fault
resilient transmission. Mathematically,

(16)

af = arg mtin(PDth + ET}.}). vt e K.

The above discussed approach enabled our proposed
FTmRP-NCS routing protocol to exhibit reliable data
transmission even under dynamic topology. Though, above
discussed approaches strengthen FTmRP-NCS protocol to
assure reliable and timely data delivery to the NCS network
gateway, it requires armouring with a certain fault-resilient
approach where even in case of a certain fault it may assure
delivering data to the gateway timely. With this motive, in
this paper, we have developed a link repair model

comprising GLR and LLR concepts.

C. Link-Repair and Supplementary Path Formation for
QoS provision over WNCS

In order to strengthen the robustness of the proposed
routing protocol and preserve the concept of “Backward
Compatibility”, in this paper we have inherited native RPL
protocol which has been further enhanced to achieve the
targeted goal. Here, to perform IAN (Internet Area
Network) communication the native RPL functions
conventionally; however to perform mobile to anchor node
or vice versa communication we implemented our proposed
FTmRP-NCS routing protocol.
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In the case of native RPL implementation we applied ETX
and RSSI information to form DODAG so as to assure
reliable communication. Mobile nodes require dealing with
link instability due to both Spatio-temporal variations that
force the link to vary over time or distance. In WNCS the
environment there can be numerous sensors deployed across
the network region to collect event data or process variables
where it might use anchor nodes as well to forward data to
the gateway for transient decision. Moreover, dynamic
topology might cause insufficient information availability
that might cause link outage. In addition, continuous link
quality changes may also affect best parent node selection
and DODAG formation that could affect overall network
performance. Though reducing DIO frequency can help to
minimize computational overheads, however, it may confine
node information exchange so as to retain sufficient
dynamic link quality monitoring. In case of insufficient
information there can be iterative link outage causing QoS
degradation. To adapt with such dynamism and allied link
update mechanism we scheduled trickle timer at 2 seconds
for DIO transmission. As stated our proposed FTmRP-NCS
routing protocol is applied in parallel to the link-layer of
IEEE 802.15.4, once detecting any link outage at the link
layer, it executes link-repair model that helps to identify the
best alternate parent node from the proactive node table to
form an alternate forwarding path.

Exploiting RSSI and ETX information FTmRP-NCS ranks
each node in the table and tries to select the best parent node
to update DODAG for successful data delivery. Since this
process doesn’t execute node discovery iteratively and
hence avoids computational overheads and energy
exhaustion. Unlike conventional routing approaches,
FTmRP-NCS protocol disables trickle timer once forming
the alternate forwarding path or DODAG with suitable
parent node. This, as a result, avoids resource exhaustion as
well as iterative route update thus making communication
more reliable even over dynamic network conditions.
Considering a scenario where there is the probability of data
getting dropped due to link outage, our proposed FTmRP-
NCS routing protocol applies backup based supplementary
data transmission where once detecting any link-outage it
transmits undelivered data through the newly formed
alternate forwarding path. In addition, our proposed
FTmRP-NCS protocol maintains backup of the data (clone
of the original data) under transmission and once detecting
any packet loss or data drop it transmits a backup data
without requesting native transmitter. Performing such a
novel effort it not only reduced retransmission cost or delay
but also avoid unwanted resource exhaustion without
compromising with QoS delivery over WNCS. Thus, this
approach enables fault-tolerant and reliable data
transmission over WNCS.

The simulation results obtained and their respective
inferences are presented in the subsequent section.

IV. RESULTS AND DISCUSSION

In this research, the predominant focus was made on
developing a novel wireless routing protocol to be used in
WNCS communication purposes. Realizing the fact that
WNCS may often undergo cluttered and noisy environment
classical noise-sensitive routing approaches could not be an
optimal solution. On the other hand, realizing the need for an
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optimistic approach to accommodate Industrie 4.0 assisted
Smart Manufacturing process, in this research RPL routing
protocol was taken into consideration. Recalling the
definition, RPL signifies IPv6 Routing Protocol for Low
Power Lossy Networks; it seems suitable for real-time
application where the sensed data can be collected to the
cloud to enable decentralized monitoring and control.
However, considering the fact that the native RPL can’t be a
suitable solution for modern NCS communication where
timely and reliable data communication is inevitable, in this
paper a novel Fault-Tolerant and Reliable mobile RPL (say,
mRPL) Routing Protocol was developed for WNCS
(FTmRP-NCS). Unlike classical WNCS routing approaches
FTmRP-NCS applied multiple optimization measures such
as multiple objective functions based best forwarding node
(say, parent node) selection, RSSI assisted (link sensitive)
mobile node localization, fault sensitive link repair model
etc. In addition, the focus was maintained on retaining
optimal performance without imposing any significant
computational overheads, which is a common issue in major
wireless communication protocols. In existing work, major
efforts have been made by using either ETX or RSSI as link
characterizing parameter. On the contrary, in this paper both
RSSI as well as ETX was taken into consideration to perform
routing decision. Recently, authors [58] tried to use this
combination for routing decision; however the use of
multiple  timers imposed computational overheads
significantly that confines its suitability for WNCS
communication where maintaining minimum overheads,
minimum delay and higher Packet Delivery Ratio (PDR) is a
must. In addition, existing works still exploit reactive route
management that seems confined, while in FTmRP-NCS
protocol we have used proactive node management that
updates parent nodes dynamically at the interval of defined
trickle time, which is selected as 2 ms in this paper.
Noticeably, FTmRP-NCS protocol uses 5kb flash memory
that makes it suitable to be used under resource-constrained
communication environment and even it can be cost-
effective for NCS purposes. The overall proposed system has
been developed using Contiki operating system with Cooja
network simulator. To simulate the developed model,
Ubuntoo 14.4 was considered as an operating system. Here,
each node was deployed with Unit Disk Graph Medium
(UDGM) radio property that follows the distance loss pattern
during communication. Its consideration is well justifiable
due to changing topology and respective inter-node distance
variation that eventually influences signal strength or link
loss. Noticeably, the proposed FTmRP-NCS protocol was
applied in parallel to the link-layer of native RPL (with IEEE
802.15.4 MAC) and hence no major changes were made in
IETF recommended standards [17]. Therefore, our proposed
routing protocol follow backward compatibility concept and
hence can be used for real-time application. Considering the
mobility feature of the mobile sensor node, we assigned 5m/s
as the speed of node during the simulation.

Considering the fact that so far no justifiable effort is
made to exploit mobile RPL protocol for WNCS routing, in
this paper to assess the efficiency of the proposed routing
protocol we compared its performance with native RPL. On
the other hand, in WNCS reliable data delivery and delay-
resilient transmission is inevitable and therefore the
performance of both FTmRP-NCS as well as (native) RPL
was obtained in terms of PDR, Packet Loss Ratio (PLR) and
delay.
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To present the comparative performance the log-
performance obtained by Contiki simulation was processed
using MATLAB and different graphs with varying network
density and payload conditions were obtained. In a typical
industrial application environment, a set up can be different
than others, especially in terms of the number of sensors, the
size of data being communicated etc. Undeniably, increasing
the number of sensor nodes can have an impact on the
performance of any routing protocol. Similarly, the nature of
communication (i.e., data under transmission), the severity of
transmission or payload condition can vary. This factor too
can have an impact on the overall network performance,
since higher payload often causes contention and/or
congestion in the network and thus reduces overall PDR
performance (due to increased packet drop or PLR).
Considering this fact, in this paper we focused on assessing
performance by varying node density (here, node signifies a
wireless sensor node with definite radio range and memory
capacity) and payload (data size/severity under
transmission).

A. Performance under varying Network Density

To examine the efficiency of our proposed FTmRP-NCS
routing protocol we have assessed performance by varying
node density where each node was following UDGM and
distance loss pattern. In addition, nodes were deployed
uniform radio range of 100 meters. Here, each node was
configured as T-mote sky. Simulating our proposed routing
protocol, PDR, as well as PLR,

were obtained for each simulation case (by varying node size
at 10, 20, 30, 40, 50 and 60). The respective PDR values
were obtained from log outputs and were plotted using
MATLAB 2017a tool. As depicted in Fig. 4, the maximum
PDR by FTmRP-NCS was almost 98%, where the average
PDR performance was obtained as 89.10% while the
classical RPL could exhibit merely 72.7% of the PDR over
the same simulation environment. Similarly, PLR
performance by FTmRP-NCS routing protocol exhibits that
it exhibits an average PLR of 10.84% which is lower than the
native RPL protocol (27.13%) (Fig.4). It can be because of
unavailability of mobility management feature and hence due
to dynamic topology and link variations it could have
undergone significantly high packet losses (Fig. 4). The
effect of such unwanted packet losses can be visualized in
Fig 5 where the classical RPL exhibits higher delay than the
proposed FTmRP-NCS routing protocol. Noticeably,
FTmRP-NCS exhibits higher PDR and hence the minimum
probability of retransmission that eventually avoids any
delay incurred.
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Observing overall results (Fig. 3 to Fig 4) it can be found
that though both protocols undergo packet loss by increasing
node density; however the proposed FTmRP-NCS protocol
exhibits relatively lower PLR than native RPL. Interestingly,
with increasing nodes FTmRP-NCS exhibits better PDR
which can be due to the sufficient number of nodes available
to form a forwarding path. In other words, there can be a
scenario over NCS environment where nodes can be
deployed across the network region however due to low node
density mobile nodes or even anchor nodes may lack forming
best forwarding path. And therefore it can undergo packet
losses. On the contrary, with an increase in node density,
both anchor nodes, as well as a mobile node, get sufficient
nodes in proactive parent node-set (table) to form forwarding
path, even under link-outage condition. It helps to enable
reliable (Fig. 3) and timely (Fig. 5) data delivery over
WNCS.
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or node of nodes
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B. Performance under varying Load Conditions

In any network, the successful data delivery often
depends on network condition such as buffer availability,
congestion, link quality etc. However, buffer availability at a
node plays a decisive role in accommodating data to forward
towards its destination. In other words, an increase in the
payload can have an impact on a node whether it can
transmit data successfully. The probability of congestion or
resulting data drop can increase significantly due to an
increase in payload or packet size. In real-time NCS
environment, the dynamic payload can be a common event
where a routing protocol is expected to accommodate
payload without affecting overall performance.
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With this motive, we examined FTmRP-NCS protocol’s
PDR, PLR and delay performance by changing payloads.
Here, we considered payloads with 1000 bits/second (bps),
2000 bps, 3000 bps, 4000 bps and 5000 bps. The respective
performance was obtained in a different payload condition.
Fig. 6 presents the PDR performance by our proposed
FTmRP-NCS routing where it has exhibited better
performance than the native RPL. Similarly, PLR
performance (Fig. 7) to confirm that our proposed routing
protocol exhibits less PLR deviation due to an increase in
payload. Its influence on delay performance can be observed
in Fig. 8, where FTmRP-NCS exhibits lower delay than the
native RPL protocol.
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Thus, observing overall performance it can be found that the
proposed FTmRP-NCS routing protocol exhibits better than
the native RPL while preserving the concept of backward
compatibility and hence can be a potential communication
paradigm for WNCS applications that primarily demands
high PDR (reliable data transmission) and low delay.
Considering fault resiliency, FTmRP-NCS is implemented in
parallel to the link-layer of IEEE 802.15.4 and hence once
detecting any link outage or fault it executes link repair
function where at first it tries to re-constitute alternate
forwarding path by selecting the best alternate parent node
from proactively arranged parent node-set. As GLR solution,
once identifying that there is no sufficient alternate parent
node available in the parent node-set, it executes node
discovery. This overall process reduces iterative node
discovery and hence computationally more efficient than the
classical approaches.
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To examine the performance of the proposed FTmRP-NCS
routing protocol, we have performed the qualitative
assessment by reviewing other existing mobility assisted
RPL protocols [52][54-56]. In [52] [54] authors applied
multiple timers and handoff optimization to achieve mobility
based RPL; however, authors could not address the
computational overheads imposed. It confines their
suitability for our intended WNCS communication. On the
other hand, authors [55] developed a dynamic RPL for multi-
hop routing in IoT where they used RSSI as OF to perform
routing decision. Authors [55] could achieve average PDR of
80%. Similarly, in [56] authors used mobile position metrics
assisted RPL routing to achieve link sensitive routing. Since,
their proposed system employed multiple value additions
such as dynamic mobile node localization, blacklisting it
used ETX as OF to perform routing decision. Unlike [56],
our proposed FTmRP-NCS protocol applies both ETX as
well as RSSI to make a routing decision. In addition, we
implement proactive network management followed by a
computationally efficient link-outage repair system. Such
novelties have augmented our proposed routing protocol to
exhibit 89.1% average (Simulated) PDR which is higher than
the existing KP-RPL that could achieve a maximum 86% of
the PDR. It affirms robustness of our proposed model over
the classical approaches. The overall conclusion of the
presented research work is given in the subsequent section.

[85)0-RPL [SEIKP-RPL

V. CONCLUSION

In the last few years, an NCS system has emerged
as one of the most demanding technologies serving industrial
communication and control. However, increasing complexity
and allied fault proneness has alarmed academia-industries to
achieve a reliable and QoS oriented wireless transmission

system to enable timely
network and automation
control.
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Considering the overall functional scenario of WNCS
system, it is important to sense different process or even
parameters from plant and transmit it to the network
controller or automation controller. In this process, assuring
timely and reliably data transmission from sensors to the
gateway and automation controller is a must. On the other
hand, the emergence of [oT assisted smart production system
too demands timely and reliable data gathering at the
automation controller in NCS. Majority of the classical
routing approaches lacks incorporating mobility and internet
connectivity under lossy network conditions. Considering
this as motivation, in this paper a robust routing protocol
named Fault-Tolerant and Reliable mRPL Routing Protocol
for WNCS (FTmRP-NCS) was developed. Unlike classical
routing approaches, the proposed FTmRP-NCS protocol
incorporated multiple robustness such as RSSI assisted
mobile-sensor node placement across WNCS, Multi-
objective function (RSSI and ETX) based routing decision
and QoS centric (fault-tolerant) alternate path formation and
link repairing model that as a combined solution achieved
better performance. Noticeably, the use of RSSI based
mobile node localization enabled reliable and time-efficient
data gathering from the sensor nodes across NCS. On the
other hand, the inclusion of both RSSI as well as ETX
accomplished routing decision by balancing the optimal
trade-off between link quality as well as computational
overhead.

This strengthened proposed routing approach to assure
reliable communication without imposing computational
costs. During the process, the use of proactive node
management reduced iterative node discovery to form
alternative forwarding path or DODAG during link outage.
The link-outage repair model and allied efficiency strengthen
FTmRP-NCS to retain computationally efficient routing
which can be of great significance for WNCS system where
there used to be huge cooperatively functional autonomous
sensor nodes demanding timely data delivery to the network
gateway and hence automation controller (or vice versa). The
Contiki based simulation has exhibited that the proposed
FTmRP-NCS routing protocol outperforms native-RPL in
terms of Packet Delivery Ratio, Packet Loss Ratio and delay
etc. Noticeably, the use of proposed FTmRP-NCS routing
protocol in parallel to the link-layer of native-RPL enabled
retaining backwards compatibility and hence can be applied
for real-time communication.
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Abstract :Investigation of thermal properties of epoxy composites embedded with Aluminum Nitride (AIN) micro-fillers is estimated in the present
thesis with help of the experimental and ANSYS results. Thermal conductivity of AIN powder filled epoxy composite is calculated by measuring
temperature difference at two surfaces by using instruments thermal heater and thermal laser gun. The samples of composites prepared with AIN for
three different sizes of AIN powder particles [AIN particles size 1)70um 2)80um 3)90um]. For each size three samples are prepared with different
concentration of AIN powder[ AIN concentration by wt. 1)10 gm 2)20 gm 3)30 gm].The numerical results obtained by using the ANSYS software. The
effective thermal conductivity values obtained from experimentally validate with ANSYS results. It is observed that The conductivity values measured
experimentally are compared with the ANSYS results. These Epoxy composites with AIN and glass fiber have been fabricated and thermal
conductivities of the samples are calculated by using experimentally obtained temperature values. Observations can be made that with At highest
testing temp. 80°C for size 70um of AIN particles we get thermal conductivity of epoxy composites for sample 20weight %(30gm AIN powder out of
total weight of sample) has increased by 30 times than epoxy. Epoxy composites with 80pum size of AIN particles the sample with 20 % of AIN gives
thermal conductivity at heater temp.80°C has increased by about 32 times than epoxy. For 90 um size AIN particles samples at heater temp.80°C we
found better thermal conductivity for sample with 20%AIN particles out of the nine samples the thermal conductivity of epoxy has increased by 34
times as compare to epoxy. A conclusion to draw from the measured values we got better thermal conductivity of epoxy composites with 20% of AIN
with size of 90um.Increase of thermal conductivity of epoxy composites with increase of size and percentage of AIN powder.

Keywords — Epoxy Composites, Aluminum Nitride, ANSYS, Glass fiber, Thermal Conductivity.

I. INTRODUCTION
1.1 Definition of composite:

A composite (or composite material) is defined as a material that consists of at least two constituents (distinct phases or combinations
of phases) which are bonded together along the interface in the composite, each of which originates from a separate ingredient material
which pre-exists the composite. Composite refers to a material, as opposed to a structure or a component, as such a composite material is
used for the fabrication of components of various shapes or functions, thus it should be distinguished from a wing or other structure made
of several components bonded together and from an electronic device or packaging structure made of layered materials (although one of
the materials in the packaging could be considered a composite). Composites are combinations of two materials in which one of the
materials called the reinforcing phase is in the form of fiber sheets or particles and is embedded in the other material called the matrix
phase.

1.2 Epoxy:-

Epoxy is found in both liquid and solid form. Epoxy is formed by step growth polymerisation reaction between biphenol and
epichlorohydrin. Thermal conductivity of epoxy alone is very low (0.363W/m. K).

1.3 Glass fiber :-

Glass fiber is a material consisting of numerous extremely fine fibers of glass. Glassmakers throughout history have experimented
with glass fibers, but mass manufacture of glass fiber was only made possible with the invention of finer machine tooling. In
1893, Edward Drummond Libbey exhibited a dress at the World's Columbian Exposition incorporating glass fibers with the diameter and
texture of silk fibers. Glass fibers can also occur naturally, as Pele's hair.Glass wool, which is one product called "fiberglass" today, was
invented in 1932-1933 by Russell Games Slayter of Owens-Corning, as a material to be used as thermal building insulation. It is
marketed under the trade name Fiberglas, which has become a genericized trademark. Glass fiber when used as a thermal insulating
material, is specially manufactured with a bonding agent to trap many small air cells, resulting in the characteristically air-filled low-
density "glass wool" family of products.Glass fiber has roughly comparable mechanical properties to other fibers such as polymers
and carbon fiber. Although not as rigid as carbon fiber, it ismuch cheaper and significantly less brittle when used in composites. Glass
fibers are therefore used as a reinforcing agent for many polymer products; to form a very strong and relatively lightweight fiber-
reinforced polymer (FRP) composite material called glass-reinforced plastic (GRP), also popularly known as "fiberglass". This material
contains little or no air or gas, is more dense, and is a much poorer thermal insulator than is glass wool.Glassfiber is formed when thin
strands of silica-based or other formulation glass are extruded into many fibers with small diameters suitable for textile processing. The
technique of heating and drawing glass into fine fibers has been known for millennia; however, the use of these fibers for textile
applications is more recent. Until this time, all glass fiber had been manufactured as staple (that is, clusters of short lengths of fiber).The
modern method for producing glass wool is the invention of Games Slayter working at the Owens-Illinois Glass Co. (Toledo, Ohio). He
first applied for a patent for a new process to make glass wool in 1933. The first commercial production of glass fiber was in 1936. In
1938 Owens-Illinois Glass Company and Corning Glass Works joined to form the Owens-Corning Fiberglas Corporation. When the two
companies joined to produce and promote glass fiber, they introduced continuous filament glass fibers.[2]

1.4 General Introduction:-

For real-world engineering problems in electronic industry, composites with high thermal conductivity are required. To overcome the
difficulty some conventional metallic filler is added with resin. This improves the conductivity of composites for the microelectronic
application.[1] Thermal conductivity of neat-epoxy resin is one of the lowest among all known solid materials. In order to increase the
thermal conductivity the addition of filler particles with high thermal conductivity into epoxy resin is used as common method. The
properties of obtained epoxy composite depend on properties of used filler, i.e. size, shape, surface area or dispersion in a matrix. The
filled epoxy composites are broadly used in power and microelectronic industry. The heat management in the electronic and power
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devices is a crucial issue. It is an important problem to be solved in order to prevent such devices from malfunction. The effective heat
dissipation is thus one of the main challenging problems to be solve.[2] As microelectronic devices become increasingly integrated at
high power and high frequencies, a large amount of heat is generated and thus it should be dissipated quickly through printed circuit
boards and/or electronic devices.[3] The latest miniaturization of electronic devices and integrated circuits has caused an increase of
power densities. The current trend in the field of microelectronic parts requires an epoxy resin with high thermal conductivity for
encapsulating these heat-dissipating electronic components. Epoxy resin has a low thermal conductivity, about 0.15 to 0.25W/mK, which
can be increased by the addition of particulate inorganic filler materials with a high thermal conductivity. Since the thermal conductivity
of the inorganic filler is much larger than that of the epoxy resin, the addition of fillers is an effective way of raising the thermal property
of the epoxy resin.[4] Polymer composites filled with particulate i.e polymers filled with highly conductive particulate are coming up to
cope with such heat transfer issues with a cost effective way.

1.5 Overview of filler :-

Aluminium Nitride (AIN) is a unique ceramic material that combines high thermal conductivity with high electrical resistivity.
"Thermal conductivity" is the ability of a material to transfer heat on application of a temperature gradient across its surfaces. In ceramic
powder like AIN, heat transfer is through lattice vibrations in micro level. For heat dissipation applications, a high thermal conductive
particle is needed to be reinforced with polymer material. The actual thermal conductivity of a material is influenced by factors that
reduce the propagation of lattice vibration. Temperature distribution, impurities, particle size and distribution, grain size and orientation
all affect the lattice vibrations and therefore thermal conductivity. AIN with an excellent combination of these unique qualities proves
itself a desirable material for making composites for micro-electronics applications.

II. LITERATURE GAP

1. The past research shows that the filler materials are BN, AIN, mixture of AIN and BN,SiliconNitride,Copper and various types of the
conductive materials used to improve thermal conductivity of the epoxy composites.

2. In past research size of the AIN particles are same and also AIN embedded with epoxy weight by volume ratio But In present thesis
three different types of size AIN particles used to fill with epoxy.

3. In present thesis three sizes AIN used .For each size of AIN three samples prepared with different wt.% percentage of AIN.

4. In past study shape of AIN powder is spherical also in present thesis shape is same but three sizes of AIN particles are used it helps to
find out optimum results out of this three sizes.

5. In present study each size having three samples with different concentration of AIN(wt.in grams).

ITII. RESEARCH METHODOLOGY

The methodology section outline the plan and method that how the study is conducted. This includes Universe of the study, sample of
the study,Data and Sources of Data, study’s variables and analytical framework. The detailsare as follows;
3.1Problem Statement
Heat dissipation in the electronic device is very important. Epoxy material used in printed board circuits but thermal conductivity of the
epoxy is very less .Due to this heat dissipation rate is very less board components and board melt . In past research various size particles
of AIN used in epoxy composites with mixture of multiple numbers of filler materials. also In past research single AIN particles used
for filler but only one size of the AIN particles is used and result find out on basis percentage variation of AIN in epoxy composites.
Copper ,Gold, Silver having better thermal conductivity but costly. In past research the the spherical shape AIN embedded with epoxy
in cubic form. Different sizes of the AIN powder also affects on thermal properties of epoxy composites but only one size used in past
research.
3.2 Aim and Objective
The objectives of this work are given as follows:
1)To investigate effect of micro sized Aluminum nitride on the heat conductivity of epoxy.
2)To find out thermal properties of epoxy composites filled with Aluminum nitrides for different sizes, composition of AIN but same
shape by experimentally and ANSYS software.
3)To validate the Experimental results by comparing the results with ANSYS results.
3.3 Methodology
eThe composite samples with fixed spherical shape of AIN but three different size of AIN For each size 3 samples made with different
content AIN with epoxy composites.
eSamples are made from 10 gm to 30 gm are made by conventional hand-lay-up technique for each size. The samples used are
rectangular sheet-shaped.
eThe glass fiber one layer added in each samples for strength purpose but glass fiber also affects on thermal properties of epoxy
composites. To measure the thermal conductivity of these composite samples thermal heater and thermal laser gun are used.
oOne surface of samples is heated with the help of heater at constant temperature and temperature measure at another surface by the
thermal laser gun at different locations. Thermal conductivity of each samples calculated by theoretically by using the experimentally
obtained temperature difference.
eEach samples tested at different temperature of heater from 40°C to 80°C and other surface temperature measure by thermal laser gun
at five different point of sample. All samples are tested at the condition of constant heat transfer rate.
e After experimental testing we calculate thermal properties for each samples at every testing temperature by using obtained output
temp.
e After the experimental testing find out the optimum solution for thermal conductivity at highest testing temp 80°C.
e Also Find out ANSYS results for each samples at Testing temp. 80°C only. because of the 80°C is highest Testing temperature. By
using the ANSYS software obtained output temp. for each samples we calculate thermal properties at 80°C.
eValidate Experimentally obtained thermal conductivity with ANSYS result. also find out the error percentage between two results.
3.3.1Details of implementation are as follows

In electronic device heat dissipations is big problem because of material used for electronic packaging system
like epoxy, various types of polymers having low thermal conductivity already discuss in past study. Due to low thermal conductivity of
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epoxy AIN particles used to increase thermal conductivity of epoxy. In past research AIN particles should be same size and shape
embedded with epoxy. But in present research we used same shape of AIN with three different sizes of particles. Procedure for making
and testing of samples of epoxy filled with AIN particles are as below.
3.3.2 Method of making of Samples

A very simple of composite processing called Hand lay-up technique has been used to prepare physical model. The processing steps
are very simple.
e Hand layout technique is used to prepared samples of epoxy composites filled with AIN particles. Samples with dimensions of length
260 mm ,width 100 mm and 5 mm thickness are made
e Firstlymold release spray applied on surface of the mold to avoid steaking of epoxy composites.
eTake amount of epoxy and AIN powder weighed carefully on weighing machine.
oOne layer of Glass fiberadd in each sample of composites for strength purpose.
eEpoxy composites samples having contains three different sizes of AIN particles (Information provided by manufacturer 70um,80
um,90 um).For each size having three samples of composites made with different weight of AIN particles (10gm,20gm,30gm)
eEach samples should be five layer of epoxy and one layer of glass fiber. On one layer of epoxy resin AIN powder particles spread
uniformly.
e After making of 9 samples of epoxy filled with AIN particles. mold was left at room temperature for 30 hr.
e After 30 hr. samples take for testing.

Table 3.3.2 Designation of materials in epoxy composites

SAMPLES COMPOSITION [For AIN particles size 70pm,80 pm,90um]
1 75gm Epoxy+ 75gm Glass fiber + AIN 6.66 wt%(10 gm)
2 75gm Epoxy+ 75gm Glass fiber + AIN 13.33 wt%(20 gm)
3 75gm Epoxy+ 75gm Glass fiber + AIN 20 wt%(30 gm)

Thermal conductivity of composites calculated by using the measurement of temperature taken by using the thermal heater and thermal
laser gun(laser thermometer).

3.4Infrared Thermometers

3.4.1 Introduction:-

An infrared thermometer is a device that measures the infrared radiation — a type of electromagnetic radiation below the visible
spectrum of light - emitted by an object. The most basic design of infrared thermometers consists of a lens to focus the infrared thermal
radiation onto a detector, which converts the radiant energy into an electric signal. This configuration facilitates temperature
measurement from a distance, without the need for contact with the object to be measured. The device is useful for measuring
temperature under circumstances where thermocouples or other probe type sensors cannot be used.

There are many types of infrared temperature sensing devices available today, including configurations designed for flexible and
portable handheld use as well as for mounting in a fixed position to serve a specific purpose.

APMPrnRrRoveED
B e R BN )

Fig.3.4.1 Infrared Thermometer

3.4.2 Operating principle of laser thermometer:-

Laser thermometers are actually infrared thermometers. The laser simply provides a means to aim the thermometer. The molecules
that make up objects are vibrating constantly; the hotter the molecule is, the faster it vibrates, producing invisible light in the form of
infrared energy. Infrared (IR) thermometers measure the infrared energy given off by all objects. To display the temperature, the
thermometer converts the infrared energy it measures into an electrical signal, which is then displayed as a temperature.
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Measured Sample Fig.3.4.2 Operating principle of laser thermometer

3.4.3 Applications of Infrared Thermometers

The major applications of infrared thermometers are given below:

1)Heating and air conditioning — Detection insulation breakdown, heat loss and gain and furnace and duct leakage
2)Industrial/Electrical — Monitoring motor/engine cooling systems performance, boiler operations, steam systems and detection of hot
spots in electrical systems and panels

3)Food safety — Checking equipment performance, sanitation and process temperature conditions, and scanning refrigerated display
cases, trucks, storage areas and cooling systems

4)Agriculture — Monitoring plant temperatures for stress and animal bedding to detect spoiling.

3.5 Thermal heater [plate type]

Plate type heater used to test the epoxy composites samples. Dimension of heater is 255%105 mm

The specification of heater are as follows:-

Current (I)=5.22 Ampere

Voltage=230 Volt

Heat Transfer Rate(Q)=1200 W.

Fig. 3.5Plate Type Heater
3.6Testing Procedure of epoxy composites samples
Test samples is put on the surface of thermal heater. Heat flows from bottom, passes through the thickness of sample to top, and
hence a temperature gradient is established along the thickness of the test specimen. Once the steady state is achieved temperature drop
across the test sample is measured by laser thermometer at five different locations on samples surface. Heat transfer rate during the
testing of each samples should be constant. Each samples tested at different temperature of heater from 40°C to 80°C and other surface
temperature measure by thermal laser gun at five different point of sample. Experimental setup diagram shown below.

Epoxy Composite Sample Thermal Laser

L Plate Type
Thermal
Heater

Fig.3.5 Experimental Setup Diagram

>y .
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For one-dimension heat flow, the equation is given as:

T1—-T2
Q=kA
The thermal conductivity of the sample is given as:
Qx
k=—r——
A(T1-T2)
Thermal resistance of sample is R
x
R=—
KA
Thermal conductance(C)
1 x
R KA
Heat transfer coefficient (h) is
K
h=—
x

IV. RESULTS AND DISCUSSION

The 9 samples of epoxy composites filled with AIN powder with different weight % and size. Three different sizes of AIN are
70um,80um,90um are used. For each size three samples with different weight % of AIN powder prepared. Every samples contains
same weight of epoxy and glass fiber. Each Samples should be tested at different temp. from 40°C to 80°C.Experimental and ANSYS

Results sheet are as follows:-
4.1 Experimental Result Sheet

Table.4.1 Experimental Result Sheet

Experimental Result Sheet
Heat
Q=Heat Araa of Thermal Thermal
Sample AN Heater. o Transfer |Thickness=x| Sheetin Ther@! Conductanc | Resistance[ Tran'st.'er
Powder | Temp.T1in | T2 in°C . . Conductivity . . Coefficient
No. Rate in inm metre . e [KA/X]in| x/Ka]in
Content °C Watt square K in(W/m.k) Wik KWW [K/x]
N a W/m2.k
1 10gm 50.4 1200 0.005 0.026 7.79 40.54 0.024666 | 1559.25
2 20gm 80 56.26 1200 0.005 0.026 9.72 50.54 0.019783 | 1944.13
3 30gm 58.5 1200 0.005 0.026 10.73 55.81 0.017916 | 2146.69
AIN Powder Size =80 pm
Heat
Q=Heat Araa of Thermal Thermal
Sample AIN Heater. . Transfer |Thickness=x| Sheet in Themfal. Conductanc | Resistance[ Tran.sf:er
Powder | Temp.T1in| T2 in°C R . Conductivity . . Coefficient
No. Rate in inm metre . e [KA/X]in| x/Ka]in
Content °C Watt square K in(W/m.k) Wik KWW [K/x]
N a W/m2.k
1 10gm 52.44 1200 0.005 0.026 8.37 43.54 0.022966 | 1674.66
2 20gm 80 57.34 1200 0.005 0.026 10.18 52.95 0.018883 | 2036.79
3 30gm 60.32 1200 0.005 0.026 11.72 60.97 0.0164 2345.21
Heat
Q=Heat Araa of Thermal Thermal
Sample AIN Heater. . Transfer |Thickness=x| Sheetin Thernfal. Conductanc | Resistance[ Tran.sf:er
Powder | Temp.T1in| T2 in°C R . Conductivity . . Coefficient
No. Rate in inm metre . e [KA/X]in| x/Ka]in
Content °C Watt square Kin(W/m.k) Wik KWW [K/x]
q W/m2.k
1 10gm 53.48 1200 0.005 0.026 8.7 45.24 0.0221 1740.34
2 20gm 80 59.62 1200 0.005 0.026 11.32 58.88 0.016983 | 2264.66
3 30gm 61.42 1200 0.005 0.026 12.42 64.58 0.015483 | 2484.06
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