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Message from Executive Director 
I am extremely happy that the Research & Consultancy 
Cell of MITS is releasing the first volume of the 
Technical Magazine in July 2019. To be a good engineer 
it is a necessity to update the recent trends and 
developments in the field of engineering. This will equip 
him to face the challenges of this modern world with 
utmost confidence.  

By publishing articles related to modern developments 
of technology in this magazine the faculty, students and 

parents are exposed and thereby updating the knowledge. I advise the faculty to publish article in 
subsequent volumes of this magazine to fulfil the purpose of the editors.  

I congratulate the Research & Consultancy Cell of MITS for taking initiative like this and wish all 
success in their future activities.  

Er. George Varghese 
Executive Director 

Muthoot Institute of Technology & Science 

From the Editorial Desk 
I am glad to announce that the first edition of the MITS 
Technical Magazine is published in July 2019. When a thought 
that has been enduring in mind becomes real, it is truly an 
interesting and exciting experience. The release of this magazine 
is one such cherished experience. 

The essential purpose of this magazine is to engage, inspire and 
entertain the faculty, staff, students, parents and other friends of 
MITS. We are thinking of publishing two editions in a year – 
January and July. 

I would like to congratulate the authors for publishing the 
article in this magazine and express the editor’s sincere 

gratitude to the Principal and the Executive Director for their 
support to make this venture a success.  

The editors welcome suggestions concerning content and expected the wholehearted 
cooperation of faculty and staff for the successful publication of MITS Technical Magazine 
in January and July every year. 

Dr. Babu Kurian 
Chief Editor 
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1. Virtual, Augmented and Mixed 
reality; paradigm shifts in immersive 

experience 
DR NEELAKANTAN P. C., PRINCIPAL 

Motivation for this article: the Holoportation demo at Microsoft 
Inspire 2019, 18th July 
https://www.youtube.com/watch?v=auJJrHgG9Mc 

Abstract 
Technological advancements are changing the ways people 
experience the physical and the virtual worlds. Virtual, augmented 
and mixed reality (VR, AR and MR) technologies are likely to play a 
key role in several industries such as retail, tourism, education, 

healthcare, entertainment and research. These three technologies are ranked in the top 10 
strategic trends for 2018. Imagination and reality getting intermingled gives a whole new 
experience to the consumer. As manufacturing industries gear up to adopt Industry 4.0, 
these three key technologies are going to be major prime movers that are going to drive 
the change to make manufacturing smart. 

VR is the most widely known of these technologies. It is fully immersive, which makes you 
believe you’re in a different environment or world apart from the real world. Using a 
head-mounted display (HMD) or headset, you’ll experience a computer-generated world 
of imagery and sounds in which you can manipulate objects and move around using 
haptic controllers while connected to a console or PC. [2] 
MR brings together real world and digital elements. In mixed reality, you interact with and 
manipulate both physical and virtual items and environments, using next-generation 
sensing and imaging technologies. Mixed Reality allows you to see and immerse yourself 
in the world around you even as you interact with a virtual environment using your own 
hands—all without ever removing your headset. It provides the ability to have one foot 
(or hand) in the real world, and the other in an imaginary place, breaking down basic 
concepts between real and imaginary, offering an experience that can change the way you 
game and work today. 
From gaming, to movies, to medicine, the uses for Virtual Reality, Augmented Reality, and 
Mixed Reality are expanding. To mention a few: 
Healthcare—For training, such as for surgical simulations; Film and TV—For movies and 
shows to create unique experiences; Virtual travel—For virtual trips to an art museum or 
another plane, all from home; Professional sports—For training programs to help pro and 
amateur athletes; Gaming—For over 1,000 games already available, from first-person 
shooters to strategy games to role-playing adventures. 
There are many, many VR headsets available, all with varying performance levels and 
prices. Entry-level gear, such as Google Cardboard, uses your mobile phone as the screen, 
whereas PC-operated devices, like the HTC Vive or Oculus Rift, are immersive—providing 
a premium VR environment. Microsoft has recently announced their Windows 10 Mixed 
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Reality platform that initially uses fully immersive headsets offered by Acer, Asus, Dell, HP, 
Lenovo and Samsung. 
Some AR headsets are available on the market today, with more rumoured to be coming in 
the future. The Microsoft Hololens, Google Glass, and the Meta 2 headset are great 
examples. 
When it comes to high-end desktops or laptops for Virtual Reality (and other advanced 
tasks like gaming or video editing), the CPU, GPU, and memory are the most critical 
components. [1] 
At the recently concluded  Microsoft Inspire 2019, the tech giant showed a surreal 
technology known as Holoportation. Holoportation is a type of 3D capture technology that 
allows high-quality 3D models of persons to be reconstructed, compressed and transmitted 
anywhere, real-time.[3] 
The technology is developed using four approaches: 
• Mixed Reality:  This technology is used to create the hologram of the speaker and 

render it in real-time at the event.  This technology is combined with mixed reality 
display such as, in this case, Hololens 2 headset in order to see, hear and communicate 
with people who are not present at that particular place. 

• Azure Speech-To-Text Capability:  enables real-time transcription of audio streams into 
text. 

• Azure Translate:  is a cloud-based automatic translation service which enables to create 
an end-to-end, real-time speech translation. This approach helps the device to translate 
the English speech into the Japanese language. 

• Neural Text-To-Speech Technology: uses deep neural networks to overcome the limits of 
traditional text-to-speech systems. The only difference is that this time the 3D replica 
was speaking in the Japanese language.  

These three technologies thus promise a lot and the deliverables and impacts can be 
enormous in the coming years, considering the immersive nature of the experience 
gained. 

References 

Carlos Flavián et al, “ The impact of virtual, augmented and mixed reality tehnologies on 
the customer experience” Journal of Business Research, Vol 100,July 2019, pp 547-560 
https://www.intel.in/content/www/in/en/tech-tips-and-tricks/virtual-reality-vs-
augmented-reality.html 
https://www.youtube.com/watch?v=auJJrHgG9Mc 
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2. Redefining Engineering Studies in 
the Era of Disruption 

DR. CHIKKU ABRAHAM, VICE PRINCIPAL 

Engineering studies in the era of disruption undoubtedly will shift 
from Business as usual where good becomes the enemy of Great and 
good enough is dead where everything is equally excellent. 
Redefining the way we see engineering studies is very critical to face 
the exponential growth in technology front. Science fictions are now 
becoming science facts. Performance is reaching a level of perfection 
with precision. Maintenance concepts are slowly shifting from 
prescriptive to predictive to self-healing in the Internet of Things 
(IoT) era. All these changes calls for an engineer to excel in studies 

and experience participating in technology changes through hands on projects while in 
college itself. A brief introduction and discussion about the various industrial revolution 
phases and the dominating technologies in the Industrial Revolution 4.0 is discussed here. 
The first Industrial revolution (mid 18th century) caused the growth of rail, road, iron and 
textile while the second industrial revolution (mid 19th and early 20th century) witnessed 
the expansion of electricity, petroleum and steel. The third industrial revolution marked 
the penetration of electronics and computers. The world has already started to move to 
the next phase of industrial revolution called Industry 4.0. which refers to a new phase in 
the Industrial Revolution that focuses heavily on interconnectivity, automation, machine 
learning, and real-time data. Slowly the implementation phase of this revolution is felt 
and in the next few years we will see in a big way how digitization and cyber-physical 
systems touch everyday lives and across industries. Technologies that will change the 
world in the next few years and  “talk of the town” will be Big data and analytics, 
autonomous robots, simulation, horizontal and vertical integration (T Shaped learning 
essential here), Internet of Things (IoT), Additive Technology, The cloud, Augmented 
Reality and Machine learning. One has to discover opportunities in the ever 
transformational era of mankind. Disruption has become the new norm everywhere. 
Things really have stopped changing gradually and are changing exponentially. Everything 
around us is wired and connected with the ability to think and self-learn to take decision. 
Anything that cannot be automated or digitized will be in great demand and to name a 
few - creativity, imagination, intuition and ethics will have great roles to play. The key to 
survive is to immerse you with the immediate future. 

  
Reference : Articles by Mr. Bernard Maur & Futurist Gerd Leonhard  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3. 5G Communication and its 
implications on India 

DR. ARUN JOY, ASSOCIATE PROFESSOR, DEPARTMENT OF ECE 

Fifth Generation (5G) communication is the next generation cellular 
technology that will provide faster and more reliable communication 
with ultra low latency.  In India the expected data rate is in the range of 
2-20 Gigabit per second (Gbps) while for 4G communications the data 
rate is only about 6-7 Megabit per second (Mbps). In April 2019, South 
Korea and the U.S. became the first countries to commercially launch 
5G services. China too has handed out commercial 5G licenses to its 
major carriers.  

Benefits and applications 

With 5G technology, consumers will be able to download data heavy content such as 8K 
movies and games with better graphics in just a few seconds. But this requires the use of 
5G enabled mobile devices. This new communication standard is expected to go beyond 
mobile communication. It is expected to form the backbone of emerging technologies such 
as the Internet of Things (IoT) and machine to machine communications, thereby 
supporting a much larger range of applications and services, including driverless vehicles, 
tele-surgery and real time data analytics. The ultra low latency offered by 5G makes the 
technology desirable for such use cases.  

A government study states that with the advent of 5G, for the first time wireless 
technologies will extend its use across completely new sectors of the economy from 
industrial to commercial, educational, health care, agricultural, financial and social 
sectors. 

One of the primary applications of 5G will be the implementation of sensor-embedded 
network that will allow real time relay of information across fields such as manufacturing, 
consumer durables and agriculture. 5G can also help make transport infrastructure more 
efficient by making it smart. 5G will enable vehicle-to-vehicle and vehicle-to-infrastructure 
communication, making driverless cars, among other things, a reality. 5G is expected to 
create a cumulative economic impact of $1 trillion in India by 2035, according to a report 
by a government-appointed panel. 

Present status of 5G in India 

The union communication minister, Mr. Ravishankar Prasad has promised that trials in 
India will begin by mid-September 2019. During the first term of the Narendra Modi 
government, the Central government had set a target of 2020 for the commercial launch 
of 5G services, largely in line with rest of the world. For the trials to begin, the 
government needs to allot certain amount of spectrum to telcos. 
The government launched a three-year programme that started in March 2018 to advance 
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innovation and research in 5G with a budget of Rs.224 crore. Ericsson has also installed a 
5G test bed at IIT Delhi for developing applications in the broadband and low latency 
areas. This will help develop India-specific usage scenarios and applications. 

Spectrum auction and apprehensions  

The spectrum allocation is expected to commence in the current calendar year. The 
Telecom Regulatory Authority of India (TRAI) has recommended that a total of 8,644 
MHz of spectrum be put on sale, making it the largest ever such auction. The regulator 
has recommended a pan-India reserve price of about Rs. 492 crore per MHz for unpaired 
spectrum.  

The main apprehension of the private mobile companies is the exorbitant base price of the 
spectrum. Besides, there are currently no India-specific use cases for deployment of 5G. 
Telecom industry body Cellular Operators Association of India (COAI) has also expressed 
concerns about the financial health of the sector amid intense competition and recent 
phase of consolidation and has stated that 5G is overpriced by at least 30% to 40% 
compared to international standards and auction in other markets such as South Korea 
and the U.S. COAI has requested the government to not put the 5G spectrum on sale 
before 2020 as there is a need to first develop India-specific use cases. The regulator has 
decided to take into consideration the concerns of COAI and is expected to give its 
recommendations to telecom ministry soon. 

Besides the spectrum, 5G will require a fundamental change to the core architecture of the 
communication system. Simply upgrading the existing Long Term Evolution (4G) core will 
not be able to support the various requirements of all 5G use cases. A report on 5G by 
Deloitte stated that it is anticipated that the industry might require an additional 
investment of $60-70 billion to seamlessly implement 5G networks. Ernst & Young too 
estimated a similar amount of investment to implement 5G. 

Conclusion 

Its seen that 5G is the future of communication with huge potential in IOT applications 
which are a requirement for the government’s policy of smart cities. But private mobile 
service providers have already stated that the spectrum is overpriced and is not in a 
position to incur further losses in a highly competitive market. Another concern is that a 
complete overhaul of the hardware is required to support 5G communication. This will be 
difficult to implement easily in a developing country  like India where 4G communication 
has only been launched a few years back. Hence the government is required to swiftly 
come up with a policy to implement 5G that addresses the concerns of all the stakeholders 
while not being left behind in the drive for development. 

(The above article is an excerpt of the article “How will a 5G network power the future” that 
appeared in The Hindu on 9th June 2019)  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4. Outcomes Based NBA Accreditation 
vs. ISO 9001 

DR. GYLSON THOMAS, PROFESSOR, DEPARTMENT OF EEE 

1.Introduction 

National Board of Accreditation (NBA) is an autonomous body 
which accredits higher technical education programs in India. NBA 
started under All India Council for Technical Education (AICTE) in 
1994 with the purpose of evaluating the quality of programs offered 
by their approved institutions. On 7th January 2010, NBA segregated 
from AICTE and has become an autonomous body. On 13th June 
2014, NBA has become a permanent signatory member of 
Washington Accord and the accreditation process becomes that of 

international standing. Since then NBA applies the outcomes based accreditation strategy. 
By adopting outcomes based accreditation, main focus of accreditation shifted to the 
continuous improvement in quality of the Institution rather than the existing quality. 
Measurement of continuous improvement is feasible only by evaluating the associated 
processes. Assessment of processes is a well-developed concept in ISO 9000 standard. NBA 
also emphasizes that the spirit of continuous improvement is a prerequisite for any quality 
initiative. Educational institutions are no exception to this. ISO 9000 and such initiatives 
focus on meeting customer expectations and making a whole-hearted effort to exceed the 
same. The process of accreditation is an effort in this direction, to meet the quality goals in 
education [1]. Hence awareness on ISO 9000 will facilitate the level of understanding in 
outcomes based accreditation. 

2. Who is ISO? 

ISO is a network of the National standards institutes of 163 countries on the basis of one 
member per country with a Central Secretariat in Geneva, Switzerland. Bureau of Indian 
Standards (BIS) is a member of ISO and BIS is responsible for all the ISO activities in 
India. International standardization began with IEC (International Electrotechnical 
Commission) established in 1906. In 1946, delegates from 25 countries met in London 
and decided to create a new international organization the ISO, officially began operations 
on 23rd February 1947. ISO is the World's largest developer of standards. As on 18th 
May-2019, ISO has developed 22649  International Standards on a variety of subjects. 
Examples are A4 (21cm x 29.7cm) size paper, digital Image file format ‘.jpg’, ISO 14001: 
Environmental Management Standard, ISO 22000: Food Safety Management Standard 
etc. Among all the standards, the World’s most widely accepted standard of ISO is ISO 
9000 family which deals with Quality Management. ISO 9001 is a member of the family 
called ‘Quality Management System’ standard [2]. 

3.  Quality and Quality Management System 

Quality  is defined as the attributes which meets the needs and expectations of the 
customer and Quality Management is defined as the activities and tasks needed to 
maintain a desired level of excellence. Quality Management System (QMS) is the set of 
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processes defined and implemented to enable an organization to satisfy the needs of its 
customers. In fact quality management is the process behind a product or service and 
QMS is the collection of processes intended for a specific purpose. Every organization 
should have certain targets and it is achieved through various processes.  

NBA believes that educational quality must be measured by outcomes rather than inputs, 
because inputs do not necessarily correlate with quality outcomes. Quality of outcomes is 
dependent not only on inputs, but also on the processes used by the Institution and its 
programs to convert inputs into outcomes [1]. As per ISO standard a process is a set of 
activities that uses resources (people, machines, etc.) to transform inputs into outputs. 
The quality of a product or service is not only depends on the quality of the inputs but on 
the processes also [2]. ISO 9001 promotes the process approach in managing an 
organization. The above statements indicate that both outcome based accreditation and 
ISO 9001 applies a process approach for quality improvement.  

4. Process Approach 

Process approach is governed by a tool known as PDCA (Plan-Do-Check-Act) or Deming 
quality cycle. Plan means, set the objectives of the system and processes to deliver results 
(“what to do” and “how to do it”). Do indicate implement and control what was planned. 
Check represents monitor and measure processes and results against policies, objectives 
and requirements and report results and Act is taking actions to improve the performance 
of processes. The PDCA cycle had its origin with Dr. W. Edwards Deming’s lecture in Japan 
in 1950 who was a statistician, assisting the United States in improving the quality of war 
materials during World War II. At the end of World War II he was invited to Japan by 
Japanese industrial leaders and engineers. They asked Dr. Deming how long it would take 
to shift the perception of the world from the existing paradigm that Japan produced 
cheap, shoddy imitations to one of producing innovative quality products. Dr. Deming told 
the group that if they would follow his directions, they could achieve the desired outcome 
in five years. As Dr. Deming told it, "They surprised me and did it in four years." That was 
the beginning of the journey towards quality product of Japan [2]. 

5. Outcomes Based Accreditation 

The old NBA accreditation process was input based, means what is taught. The new NBA 
accreditation process is outcomes based means what students learn. 

  

Consider the above block diagram where the black box is the collection of various 
processes associated with a particular program. In the case of input based accreditation 
system only the quality of the input and output were evaluated for certification. While 
coming to ISO 9001, it certifies the black box or the processes part alone. ISO never 
guarantee the quality of the input or output, but certifies that the quality management 
system is standardized as per the standard’s requirements. However, in the case of 
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outcomes based accreditation, quality of both the input and output as well as the quality 
of the processes in between them are also evaluated. Suppose an institution got input 
based accreditation and later go for reaccreditation by keeping exactly the same quality, 
the institution will get reaccreditation. However they won’t get reaccreditation as per the 
outcomes based process since continuous improvement is a mandatory requirement [6].  

6. Outcomes Based Education (OBE) 

Outcomes Based Accreditation is applicable to only those institutions which follow OBE. 
OBE is a student centered educational system to enhance the knowledge, skill and attitude 
of students in order to make them employable, self-learners and socially committed. This 
is achieved by making the classes more interactive, live and interesting. In the case of 
input based educational system major role of the faculty is in lecturing and leave the rest 
of the things to the students. However, in OBE the role of a faculty will be varying as per 
the activities planned. Faculty may act as a trainer, instructor, facilitator, mentor, 
supervisor, judge etc. based on the activities planned. From a different point of view, OBE 
can be considered as the application of PDCA tool in the teaching-learning process. 
Planning part has two steps viz. (i) setting up the outcomes (ii) identification and 
planning the activities to achieve the outcomes. Second phase is the implementation. 
While planning and implementing the cognitive levels of the teaching learning process 
should be meticulously analyzed. Third phase is the impact analysis. Fourth phase is on 
improvement based on the results of analysis by taking necessary corrective actions. Every 
process has three parameters to measure viz. efficiency, effectiveness and suitability. 
Efficiency is an index to the effective utilization of the resources in a minimum time 
frame. Effectiveness means, how far the outcomes meet the desired target and suitability 
indicates the appropriateness of the processes to the specified context [6]. 

7. Origin of Outcomes Based Accreditation 

ABET (Accreditation Board for Engineering and Technology), an ISO 9001 certified US 
based non-Governmental organization, is the pioneers and leaders in the field of 
accreditation. During 1990’s, ABET received many complaints from outstanding 
institutions regarding their bureaucratic checklist way of accreditation process. Main 
concern of the petitioner’s was that in ABET’s rigid way of accreditation, their innovative 
teaching-learning processes are not taken into account for evaluation. As a result ABET 
conducted three workshops in 1994 and published a new standard, based on the report of 
workshops, known as Engineering Criteria 2000 (EC2000) [3,4]. EC2000 is the 
internationally accepted standard for outcomes based accreditation. Again, ABET 
entrusted the Higher Education Dept. of Pennsylvania State University US, to conduct the 
impact analysis of EC2000 [5]. The results shows major improvements in areas like 
understanding of social and global issues, ability to apply engineering skills, group skills, 
understanding of ethics and professional issues. Since then accreditation bodies all over 
the World is shifting from input based to outcomes based. 

References: 

[1]  NBA general manual of accreditation (http://www.nbaind.org) 
[2]  https://www.iso.org 
[3]  https://www.abet.org 
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[4]  Mary Besterfield-Sacre et.al. ‘Defining the Outcomes: A Framework for EC-2000’, IEEE 
Transactions on Education, Vol. 43, No. 2, pp.100-110, May 2000. 

[5]  Fredericks Volkwein et.al.  ‘Engineering Change: A Study of the Impact of EC2000’, Int. 
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[6]  https://www.youtube.com/watch?v=1PwknZETdMQ 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5. An Overview on Computing Errors 
DHANYA SUDARSAN, ASSISTANT PROFESSOR, DEPARTMENT OF CSE 

Computing errors are those kinds of errors that we encounter when 
using a computer for computation. Digital systems like calculators and 
computers hardly make a mistake, since they follow the programmed 
order faithfully. Nonetheless, we often encounter some numerical errors 
in the computing results made by digital systems, mostly coming from 
representing the numbers in finite bits, which is an intrinsic limitation 
of digital world. These kinds of errors which occur as a If you let the 
computer compute something without considering what is called the 
finite-word-length effect, you might come across a weird answer.[1] So 

as a researcher we should always be careful not to let the computer produce a farfetched 
output because theoretically our research findings may be correct but practically we will 
not be able to prove our findings. 

In this article we will have an overview on the different types of computational errors and 
how we can quantify those errors. Then we think about the cause and the propagation 
effect of computational error in order not to be deceived by unintentional mistakes of the 
computer and, it is hoped, to be able to take some measures against them. 

Various Kinds of Computing Errors  

 The different possible errors are truncation error,round off error,error resulting from 
negligible addition and bad subtraction and overflow/underflow errors. Truncation Error  
is caused by adding up to a finite number of terms, while we should add infinitely many 
terms to get the exact answer in theory.Round-off errors are caused by representing/
storing numeric data in finite bits. Overflow/Underflow errors are the result of too large 
or too small numbers to be represented/stored properly in finite bits—more specifically, 
the numbers having absolute values larger/smaller than the maximum (fmax)/
minimum(fmin) number that can be represented in MATLAB. Negligible Addition occurs 
by adding two numbers of magnitudes differing by over 52 bits.Loss of Significance error 
occur due to a “bad subtraction,” which means a subtraction of a number from another 
one that is almost equal in value. Error Magnification results from multiplying/dividing a 
number containing a small error by a large/small number. Errors also depend on the 
numerical algorithms, step size, and so on.[1]. 

Although we cannot be free from these kinds of inevitable errors in some degree, it is not 
computers, but instead human beings, who must be responsible for the computing errors. 
While our computer may insist on its innocence for an unintended lie, we programmers 
and users cannot escape from the responsibility of taking measures against the errors and 
would have to pay for being careless enough to be deceived by a machine. We should, 
therefore, try to decrease the magnitudes of errors and to minimize their impact on the 
final results. In order to do so, we must know the sources of computing errors and also 
grasp the computational properties of numerical algorithms. 
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Error quantification 

We normally takes three measures for quantifying errors,absolute error relative error and 
percent error.Absolute error is the magnitude of the difference between the exact value 
and the approximation.The relative error is the absolute error divided by the magnitude of 
the exact value.The percent error is the relative error expressed in terms of per 100[2]. 

Tips for Avoiding Large Errors  

In this section we will look over several tips to reduce the chance of large errors occurring 
in calculations. First, in order to decrease the magnitude of round-off errors and to lower 
the possibility of overflow/underflow errors, make the intermediate result as close to 1 as 
possible in consecutive multiplication/division processes.[1] According to this rule, when 
computing xy/z, we program the formula as (xy)/z when x and y in the multiplication are 
very different in magnitude, x(y/z) when y and z in the division are close in magnitude, 
and  (x/z)y when x and z in the division are close in magnitude. Second, in order to 
prevent ‘loss of significance’, it is important to avoid a ‘bad subtraction’ that is, a 
subtraction of a number from another number having almost equal value. It may be 
helpful for avoiding a ‘bad subtraction’ to use the Taylor series expansion rather than 
using the exponential function directly for the computation of ex. 
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6. CUDA perspective and a probe of 
NVIDIA GPU GT 720 M  

ARUNKANT A. JOSE, ASSISTANT PROFESSOR, DEPARTMENT OF ECE 

Abstract—Graphical processing unit has several cores which can do 
parallel computing. NVIDIA’s GPU programming structure, “Compute 
Unified Device Architecture” (CUDA)   can bring significant acceleration 
in image processing algorithm computations.  The use of parallel 
computing for various computations is of great advantage. This article 
discusses the CUDA in brief and the GT 720 M GPU hardware from 
NVIDIA. A few works on GPU is also mentioned to give some 
applications. 
Index Terms— CUDA, image processing, NVIDIA, GPU 

I. INTRODUCTION 

Graphical Processing Unit is frequently used for visuals and gaming. Great computational 
speeds can be achieved by using GPU for purposes like image processing. In the area of 
image processing where large amount of data is to be processed GPU finds a lot of use. 
The GPU has become a vigorous tool for technical computing. A large amount of inherent 
parallelism in the hardware architecture of GPU can be utilized for processing at greater 
rapidness. In this article the CUDA, GPU and its implications in impeding trend is 
discussed. 

II. CUDA  

 GPUs were designed as graphic processors, and become more programmable over the 
1990s, coming up with NVIDIA's first GPU in 1999. Investigators and experts rapidly 
started to apply the exceptional performance of this GPU for overall computing. In 2003, a 
team of researchers led by Ian Buck unveiled Brook, handled the first widely adopted 
programming model to extend C with data-parallel constructs. Ian Buck then joined 
NVIDIA and led the unveiling of CUDA in 2006, the world's first solution for overall 
computing on GPUs. 

Since its beginning, the CUDA environment has mature quickly to comprise software 
development tools, services and partner-based solutions. The CUDA Toolkit comprises 
debugging and optimization tools, libraries, a compiler and a runtime library to organize 
your application. There are also code examples, software design guides; user manuals, API 
references and other documentation to benefit you. 

The CUDA is a parallel computing platform and programming model developed by 
NVIDIA for general computing on graphical processing units (GPUs). With CUDA, 
developers are able to dramatically speed up computing applications by harnessing the 
power of GPUs. 

In GPU-accelerated applications, the successive part of the assignment runs on the CPU – 
which is improved for single-threaded performance – while the compute exhaustive 
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portion of the application runs on thousands of GPU cores in parallel. Using CUDA, 
developers can program in popular languages such as C, C++, Python and MATLAB and 
have parallelism through a few basic keywords. 

The CUDA Toolkit from NVIDIA provides everything you need to develop GPU-
accelerated applications. The CUDA Toolkit includes GPU-accelerated libraries, a compiler, 
development tools and the CUDA runtime. [3] 

III.GeForce GT 720M  

The GPU taken as example in this article is the NVIDIA GeForce GT 720M. The GeForce 
GT 720M is built on the 28 nm process, and based on the GF117 graphics processor, in its 
N14M-GE variant, the card supports DirectX 12.0. The GF117 graphics processor is an 
average sized chip with a die area of 116 mm² and 585 million transistors. It features 96 
shading units, 16 texture mapping units and 8 ROPs. NVIDIA has placed 2,048 MB DDR3 
memory on the cards, which are connected using a 64-bit memory interface. The GPU is 
operating at a frequency of 775 MHz, memory is running at 800MHz. Being a mxm 
module card, its power draw is rated at 33 W maximum. This device has no display 
connectivity, as it is not designed to have monitors connected to it. GeForce GT 720M is 
connected to the rest of the system using a PCI-Express 2.0 x 16 interfaces. The annual 
computation growth rate of GPUs is approximately up to 2.3 x. In contrast to this, that of 
CPUs is 1.4x [5]. At the same time, GPU is becoming cheaper and cheaper. Thus there is 
robust need to use GPUs as substitute computational platforms  for  acceleration  of  
computational intensive  tasks  beyond  the  domain  of  gaming and graphics. 

IV. WORKS ON GRAPHICAL PROCESSING UNIT 

Kong et al. [6] implemented MATLAB function conv2, which provide a convolution of 
2D images. With image sizes of over million pixels, the attained kernel speedups were in 
order of hundreds, but, the general speedups were about 10 times. In Castaño-Díez et al. 
[4], both linear and median filters were faster, showing good performance, especially for 
large 3D images. For small images, such as 128x128 pixels, a slight speedup was attained. 
This could be anticipated, due to some overheads, but, the authors did not remark this 
issue in detail.  Several linear filter applications can be found in CUDA SDK [b6]. 
Domanski et al. [7] compared a CPU execution, using the FFTW library [8], and a GPU 
execution, using the CUDA framework and the CUFFT library [2]. Two methods were 
discussed, de-convolution in the spatial domain and in the Fourier domain. Even for 
comparatively minor dimensions of a filter kernel, the FFT-based approach outperformed 
the spatial-domain approach. Comparing the CPU and the GPU platforms, i.e. the NVidia 
GTX 260 graphics card and the Intel Xeon Quad-Core processor, the GPU employment was 
8 times quicker for 2D images and 4 times quicker for 3D images.  

Quammen et al. [1] gave a performance study of three 3D de-convolution procedures, 
namely Wiener [9], Jansson-van Cittert [10], and Richardson-Lucy, on both multi-core 
CPUs and GPUs. As the FFT-based method was favored, both the FFTW and the CUFFT 
libraries were used. The algorithms on CPU were studied to check its scalability, 
measuring performance on various numbers of CPU cores, extending from 1 to 16. The 
outcomes exposed that the CPU platform, comprising of 8 dual-core AMD Opteron nodes 
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connected by a Hyper-Transport network, executed best in the case of 8 CPU cores. For a 
higher number of cores, a shrill drop-off in scalability was discovered, perhaps instigated 
by some execution features in FFTW library. 

V. CONCLUSION 

There are thousands of applications developed with CUDA have been deployed to GPUs in 
embedded systems, workstations, datacenters and in the cloud. A few have been listed in 
figure 1 below. 

  

Fig.1. Examples of applications developed with CUDA which have been deployed to GPUs 
in embedded systems, workstations, and datacenters and in the cloud. [3] 
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7. A brief review on Inherent Safer 
Design Technologies  

BAIJU KARUN ,ASSOCIATE PROFESSOR, DEPARTMENT OF ECE 

INTRODUCTION 

Inherently safer design, or ISD, is receiving more attention in recent 
years from industry, community groups, and government. When 
feasible, ISD can be a more robust and reliable approach to 
managing risk in the chemical industry. Following the terrorist 
attacks of September 11, 2001, ISD has also been promoted as a 
means to reduce chemical hazards, making chemical handling 
facilities less attractive terrorist targets. It is important for chemical 

engineers to understand ISD, including its potential benefits and limitations, both to 
implement ISD where feasible and also to participate in public discussions about the 
application of ISD in the chemical industry 

Inherently safer design (ISD) is a different philosophy for addressing safety issues in the 
design and operation of chemical plants. ISD focuses on eliminating or significantly 
reducing hazards. Often, the traditional approach to managing chemical process safety has 
accepted the existence and magnitude of hazards in a process, and efforts to reduce risk 
have concentrated on managing the risk associated with the hazards. Where feasible, ISD 
provides more robust and reliable risk management, and has the potential to make the 
chemical processing technology simpler and more economical in many cases.  

What do we mean by inherently safer design? One dictionary definition of “inherent” 
which fits the concept very well is “existing in something as a permanent and inseparable 
element.”  This means that safety is “built in” to the process, not added on. Hazards are 
eliminated, not controlled, and the means by which the hazards are eliminated are so 
fundamental to the design of the process that they cannot be changed or defeated without 
changing the process. In many cases this will result in simpler and cheaper plants, because 
the extensive safety systems which may be required to control major hazards will 
introduce complexity to a plant, along with cost – both in the initial investment for the 
safety equipment and also for the ongoing operating cost for maintenance and operation 
of the safety systems. 

It is best to describe a design as “inherently safer” relative to another design, rather than 
as “inherently safe”. Describing a plant or process as “inherently safe” implies that it is not 
capable of causing injury or damage – it is unlikely that any process or plant will be 
inherently safe relative to all possible hazards. However, plants can be designed to be 
“inherently safer” in the context of one or more specific hazards of concern. 

At this point in its development, ISD should be considered to be more of a design 
philosophy rather than a specific set of tools and methods. While there are checklists and 
brainstorming aids to help a designer to identify opportunities for ISD, there is not any 
single set of protocols or design procedures. Also, there is no agreement on how to 
measure ISD for a process or plant. These are areas for continuing development. 
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Why Inherently Safer Design?  

ISD has received increased attention from the chemical industry since the 1970s as a 
result of a number of major industrial accidents. Some examples  include: 

Flixborough, England (1974) – a large release of cyclohexane from a caprolactam plant 
killed 28 workers, injured 36, and destroyed the plant. The police reported 53 casualties 
off site, and there were hundreds of less severe injuries which were not recorded. 

Pasadena, Texas (1989) – a leak of gas from a polyethylene plant formed a flammable 
vapor cloud which ignited, causing 23 fatalities and hundreds of injuries, and destroying 
the plant. 

Bhopal, India (1984) – the worst disaster in the history of the chemical industry occurred 
when water entered a storage tank containing methyl isocyanate (MIC). The resulting 
reaction generated heat and pressure, lifting the tank relief valve and released highly toxic 
MIC vapors into the city. Exact casualty figures are disputed, but several tens to hundreds 
of thousands of people were exposed, and the official Indian government estimate of 
fatalities was 4000 in 1994. 

 

ISD focuses on the immediate impacts of single events - chemical accidents - on people, 
the environment, property and business. Property and business impacts are sometimes 
referred to as “loss prevention”. In a chemical manufacturing plant, this generally means 
the immediate impacts of fires, explosions, and the release of toxic materials. Of course, 
these types of events will also have the potential for long term impacts on people, the 
environment, and possibly property and business. Reducing the magnitude or potential 
likelihood of accidents will also have benefits from the viewpoint of the potential long 
term impacts. However, while engineers recognize the potential benefits of ISD in these 
other areas, the main intent of ISD is to reduce the frequency and potential impact of 
chemical plant accidents. 
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ISD can be considered to be a subset of green chemistry and engineering. Green chemistry 
and engineering have a much broader scope, including, for example: 

• Health and environmental impacts of emissions from routine plant operations 

• Health and environmental effects of all phases of the production and use life cycle 
of a material, from the basic raw materials through the final product, including all 
by-products and wastes 

• Sustainable development and impact on non-renewable resources 

The concept of ISD is not really new. Technologists have always recognized the value of 
eliminating or reducing hazards. Applying ISD without calling it by that name, they simply 
considered it to be good design. For example, in 1828, Robert Stevenson, who with his 
father George Stevenson was a pioneer in the development of steam railroad technology, 
discussed the need for: 

“... an alteration which I think will considerably reduce the quantity of machinery as well 
as the liability to mismanagement … in their present complicated state they cannot be 
managed by ‘fools’, therefore they must undergo some alteration or amendment.”  

Stevenson recognized that the controls of his steam locomotive were overly complex, and 
his solution was to eliminate the hazard of mismanagement due to that complexity by 
simplifying the controls, rather than through safety devices and operator training. 

In reaction to the 1974 Flixborough explosion, Trevor Kletz, at the time a senior safety 
advisor for ICI in England, questioned the need for such large quantities of flammable or 
toxic materials in a manufacturing plant, and also the need for processing at elevated 
temperature and pressure. Kletz suggested that the chemical industry should re-direct its 
efforts toward elimination of hazards where feasible – reducing the quantity of hazardous 
material, using less hazardous materials, developing technology which operates at less 
severe conditions – rather than devoting extensive resources on safety systems and 
procedures to manage the risks associated with the hazards. Kletz first advanced this 
proposal at the annual Jubilee Lecture of the Society of the Chemical Industry in England 
in 1976, and called the concept “inherently safety”. The lecture was subsequently 
published in 1977 as a journal article entitled “What you don’t have, can’t leak.” In this, 
and many subsequent publications, Kletz and others established a set of principles for ISD, 
and provided many examples of its implementation in industry. 

Reference:  Kletz, Trevor A. “What You Don't Have, Can't Leak.” Chemistry and Industry. 6 
May 1978, pp. 287-292. 

Because the philosophy of ISD is to eliminate or reduce the hazard of a process, it is 
important to understand what is meant by the word “hazard”. The Center for Chemical 
Process Safety (CCPS) has defined hazard as “an inherent physical or chemical 
characteristic that has the potential for causing harm to people, the environment, or 
property.” Hazards are intrinsic to a material or its conditions of use. 
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Some examples of hazards are: 

• Phosgene is toxic by inhalation 

• Acetone is flammable 

• High pressure steam contains a large amount of potential energy, both from its 
elevated temperature and also from the high pressure 

These hazards cannot be changed, except by changing the material or the conditions of 
use. 

In some cases there are alternative technologies which use different materials or chemistry 
to produce a product, eliminating the need to use a more hazardous material. Sometimes 
the form of a material can be changed - dilution, larger sized particles, for example – to 
reduce the hazard. And perhaps process research can identify technology improvements 
such as catalysts which allow chemical reactions to take place under less severe conditions 
– perhaps lower temperature or pressure. 

Inherently Safer Design Strategies 

How does the engineer go about considering ISD when designing or operating a chemical 
process? We will review some approaches to inherently safer design. 

The Center for Chemical Process Safety has categorized strategies for designing inherently 
safer processes into four groups: 

• Minimize – use small quantities of hazardous materials, reduce the size of 
equipment operating under hazardous conditions such as high temperature or 
pressure 

• Substitute – use less hazardous materials, chemistry, and processes 

• Moderate – reduce hazards by dilution, refrigeration, process alternatives which 
operate at less hazardous conditions 

• Simplify – eliminate unnecessary complexity, design “user friendly” plants 

i.Minimize:  

To minimize is to reduce the quantity of material or energy contained in a manufacturing 
process or plant. Another common term for “minimize” is intensify, and there are many 
literature references for process intensification. We often think of process minimization as 
resulting from the application of innovative new technology to a chemical process — for 
example, tubular reactors with static mixing elements, centrifugal distillation techniques, 
or innovative, high surface area heat exchangers. However, plant inventories of hazardous 
material can be reduced significantly by applying good engineering principles with 
conventional technology.  

The designer should consider options to minimize the inventory of hazardous material in 
all process equipment – heat exchangers, distillation columns, reactors, tanks, and other 
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equipment. Understand the inventory in each piece of equipment and look for 
opportunities to reduce that inventory. 

ii. Substitution  

Substitution means the replacement of a hazardous material or process with an alternative 
which reduces or eliminates the hazard. Process designers, line managers, and plant 
technical staff should continually ask if less hazardous alternatives can be effectively 
substituted for all hazardous materials used in a manufacturing process. Examples of 
substitution in two categories are discussed - reaction chemistry and solvent usage. There 
are many other areas where opportunities for substitution of less hazardous materials can 
be found, for example, materials of construction, heat transfer media, insulation, and 
shipping containers.  

Replacement of volatile organic solvents with aqueous systems or less hazardous organic 
materials improves safety of many processing operations and final products. Some 
examples of solvent substitutions include: 

• Water based paints and adhesives, replacing solvent based products. Water based 
paints eliminate the fire and toxicity hazards of many common organic solvents, reduce 
the odor of the final paint product, eliminate volatile organic solvent pollution in the final 
application, and thereby reduce hazards both in manufacture and also in use by the final 
consumer. 

• Less volatile solvents with a higher flash point, used for agricultural formulations. 
In many cases, aqueous or dry flowable formulations for agricultural chemicals may be 
used instead of organic formulations. 

iii. Moderate: 

Moderate means using materials under less hazardous conditions. This is also called 
attenuation. Moderation of conditions can be accomplished by physical means such as 
lower temperature or dilution, and by chemical means such as using a different reaction 
chemistry which requires less severe conditions. 

Dilution: 

Dilution reduces the hazards associated with the storage and use of a low boiling 
hazardous material in two ways — by reducing the storage pressure, and by reducing the 
initial atmospheric concentration if a release occurs.  

Refrigeration 

Many hazardous materials, such as ammonia and chlorine, can be stored at or below the 
atmospheric boiling points with refrigeration. Refrigerated storage reduces the magnitude 
of the consequences of a release from a hazardous material storage facility in three ways: 

• lower storage pressure 
• reduced immediate vaporization of leaking material, and subsequent evolution of 
vapors from the spilled pool of liquid 
• reduced or no liquid aerosol formation 
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Less Severe Processing Conditions 

Processing under less severe conditions, close to ambient temperature and pressure, in-
creases the inherent safety of a chemical process.  

iv. Simplify : 

Simplify means designing to eliminate unnecessary complexity, reducing the opportunities 
for error and incorrect operation. A simpler plant is generally safer and more cost effective 
than a complex one.  

The combination of several unit operations into a single piece of equipment can eliminate 
equipment and simplify a process.  There may be inherent safety conflicts resulting from 
this strategy. Combining a number of process operations into a single device increases the 
complexity of that device, but it also reduces the number of vessels or other pieces of 
equipment required for the process. Careful evaluation of the options with respect to all 
hazards is necessary to select the inherently safer overall option. 

Reactive distillation is a technique for combining a number of process operations in a 
single device. The slide compares a reactive distillation process (left) for the manufacture 
of methyl acetate to an older process (right). The reactive distillation process reduces the 
number of distillation columns from eight to three, and eliminates an extraction column 
and a separate reactor Inventory is reduced and auxiliary equipment (for example, 
reboilers, condensers, pumps, and heat exchangers) is eliminated. The reactive distillation 
process also has significant reductions in both capital investment and operating cost. 

Inherent Safer Design and Regulations 

Inherently safer design has received increasing attention from the news media, 
environmental groups, and government. Some examples include: 

• PBS – NOW with Bill Moyers, March 21, 2003 (http://www.pbs.org/now/science/
chemsafe.html) 

• National Public Radio, Morning Edition, Daniel Zwerdling, April 15, 2003 (http://
discover.npr.org/features/feature.jhtml?wfId=1232605) 

• Philadelphia Inquirer, April 20-21, 2003, (http://www.philly.com/mld/inquirer/
news/front/5672176.htm) 

• Fox News, Steven Milloy, May 9, 2003, (http://www.foxnews.com/story/
0,2933,86380,00.html) 

Some of these may still be available on the Internet, and an Internet search will reveal 
more, and more recent, references. 

Particularly in the wake of terrorist activity in recent years, inherently safer design has 
come to be viewed as an approach to reducing the vulnerability of chemical plants to 
terrorist attack. Indeed, inherently safer design is one way to address these concerns, 
although it must be considered as one of many tools available to the design engineer and 
chemical plant operator. There have been a number of efforts to establish regulations at 
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the US Federal level to require consideration of inherently safer design, going back to the 
original proposed Environmental Protection Agency Risk Management Program 
regulations in the early 1990s, which included a “Technical Options Analysis” 
requirement. This requirement was not included in the final regulation, but, since then 
there have been several attempts to include this requirement through legislation. Since 
2001, there have been several bills introduced in the US Congress, often in various 
chemical plant security bills, but, as of June 2006, none of these bills have been approved. 

Since legislative and regulatory efforts continue, this situation may change significantly in 
the future 

CONCLUSION 

Designers must think about ISD at all levels of design, from process and product 
conception and basic technology through detailed design of specific pieces of equipment 
and operating procedures. Inherently Safer Design is not a specific program or design 
technique. It is more of a design philosophy, a way of thinking. The designer is challenged 
to think about ways to eliminate or minimize hazards, rather than accepting that the 
hazard exists and focusing his efforts on controlling that hazard. This philosophy can be 
applied to design and operation of any technology at any level of detail.  

Inherent safety options are most effective early in process development – in selection of 
the basic technology. If hazardous chemicals and process operations can be eliminated, the 
overall process will be inherently safer from the start. But it is never too late, and there 
have been significant enhancements to inherent safety in plants which have been in 
operation for many years. Start early, and never stop. 

A designer should ask the following questions, in this order, once he has identified a 
hazard: 

1. Can I eliminate this hazard? 

2. If not, can I reduce the magnitude of the hazard? 

3. Do the alternatives identified in questions 1 and 2 increase the magnitude of any 
other hazards, or create new hazards? If so, consider all hazards in selecting the 
best alternative. 

4. What technical and management systems are required to manage the hazards 
which inevitably will remain? 
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8. Beamless Slabs 
DR. BABU KURIAN, PROFESSOR, DEPARTMENT OF CE 

Introduction: A reinforced concrete slab is a crucial structural element 
of modern buildings and is used to provide flat surfaces, such as, floors 
and ceilings in buildings. On the basis of reinforcement provided, beam 
support, and the ratio of the spans, slabs are generally classified into 
one-way slab and two-way slab. The former is supported on two sides 
and the ratio of long to short span is greater than two. However, the 
latter is supported on four sides and the ratio of long to short span is 
smaller than two. 

Varying conditions and stipulations ask for the selection of appropriate and cost-effective 
concrete slab, keeping in view, the type of building, architectural layout, aesthetic 
features, serviceability requirements, strength requirements, and the span length. 

Types of slabs: Concrete slabs are further classified into one-way joist slab, flat slab, flat 
plate, waffle slab, hollow core slab, precast slab, slabs on grade, hardy slab, and composite 
slab as given in Fig. 1. 

Beamless slabs: Flat slab and flat plate are usually coming under the heading beamless 
slabs. For beamless slabs, the choice between a flat slab and a flat plate is generally a 
matter of loading and span. Flat plate strength is often governed by shear strength at the 
columns, and for service live loads greater than perhaps 5.0 kN/m and spans greater than 
about 7to 8 m the flat slab is often the better choice. If architectural or other requirements 
rule out capitals or drop panels, the shear strength can be improved by using metal shear 
heads or some other form of shear reinforcement, but the costs may be high. 

Serviceability requirements must be considered, and deflections are sometimes difficult to 
control in reinforced concrete beamless slabs. Large live loads and small limits on 
permissible deflections may force the use of large column capitals. Negative-moment 
cracking around columns is sometimes a problem with flat plates, and again a column 
capital may be useful in its control. 

Deflections and shear stresses may also be controlled by adding beams instead of column 
capitals. If severe deflection limits are imposed, the two-way slab will be most suitable, as 
the introduction of even moderately stiff beams will reduce deflections more than the 
largest reasonable column capital is able to. Beams are also easily reinforced for shear 
forces. 
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Choice of type of slab floor: The choice between two-way and beamless slabs for more 
normal situations is complex. In terms of economy of material, especially of steel, the two-
way slab is often best because of the large effective depths of the beams. However, in 
terms of labour in building the floor, the flat plate is much cheaper because of the very 
simple formwork and less complex arrangement of steel. The flat slab is somewhat more 
expensive in labour than is the flat plate, but the forms for the column capitals are often 
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available as prefabricated units, which can help limit costs. The real cost parameter is the 
ratio of costs of labour relative to material. Few two-way slabs are built in areas of high 
labour costs unless there are definite structural reasons, and many are built where steel is 
the most costly item. Hollow-tile slabs are still built in some places, but only where the 
cost of both steel and cement is very high relative to labour. 

Local customs among builders, designers, and users should not be overlooked when 
selecting the slab type. There is a natural human tendency to want to repeat what one has 
previously done successfully, and resistance to change can affect costs. However, old habits 
should not be allowed to dominate sound engineering decisions. 

Advantages and disadvantages: If a flat plate or flat slab is otherwise suitable for a 
particular structure, it will be found that there is the additional benefit of minimizing the 
story height. In areas of absolute height restrictions, this may enable one to have an 
additional floor for approximately each 10 floors, as compared with a two-way slab with 
the same clearstory heights. The savings in height lead to other economies for a given 
number of floors, since mechanical features such as elevator shafts and piping are shorter. 
There is less outside wall area, so wind loadings may be less severe and the building 
weighs less, which may bring cost reductions in foundations and other structural 
components. There are other cost savings when the ceiling finishes can be applied directly 
to the lower surfaces of the slabs. 

Beamless slabs will be at a disadvantage if they are used in structures that must resist 
large horizontal loads by frame action rather than by shear walls or other lateral bracing. 
The transfer of moments between columns and a slab sets up high local moments, shears, 
and twisting moments that may be hard to reinforce for. In this situation, the two-way slab 
is the more capable structure because of the relative ease with which its beams may be 
reinforced for these forces. In addition, it will provide greater lateral stiffness because of 
both the presence of the beams and the greater efficiency of the beam-column 
connections. 

Conclusions: The choice of type of slab for a particular floor depends on many factors. 
Economy of construction is obviously an important consideration, but this is a qualitative 
argument until specific cases are discussed. The design loads, required spans, 
serviceability requirements, and strength requirements are all important. So, a judicious 
consideration is required for the selection of a type of floor system. 
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9. Quality Management Systems and 
Technical Education 

DR C.K. RAJU, PROFESSOR, DEPARTMENT OF CSE 

Genesis of Quality Control 

Quality control mechanisms are introduced for the purpose of 
increasing quality of products or processes by aiming to reduce or 
eliminate errors. Usually, this is achieved by standardizing the processes 
involved, so that deviations could be picked up and tracked early on. 
Areas where variations are possible are identified, from where the 
possible variables are selected for the purpose of control and 
monitoring. The permissible range of values for variables is laid out and 
course of rectification to be adopted is also mentioned. All these 

practices form part of the standards to be deployed for monitoring and control.  The 
superior the standards, better would be the process and higher would be the quality of 
products.  

It is widely presumed that Japanese were the first to introduce and test systems of quality 
control effectively, as early as 1940, by integrating statistical measures[1]. Since this was 
also the period in which major wars were fought across the globe, the methods also found 
acceptance by armament industries who wanted to optimise resources and produce better 
quality weapons. These practices later diffused to many other domains of business 
activities in the world. By early 1990s,  the concept of Total Quality Management was 
introduced which enhanced the scope of quality control mechanisms, by incorporating all 
stakeholders (including consumers), bringing under focus, almost all business practices 
and even policies[2]. 

Quality concepts in Technical Education 

With instructors and infrastructure (laboratories, libraries and other support facilities) as 
some of the potential parameters whose value could be altered in an education 
institution, the field of education was presumed to be an ideal choice for introducing total 
quality systems. Better investment in these parameters would render a better process and 
yield better quality products. A quality system, therefore, had input parameters on one 
side and output parameters on the other side. The system would fine tune the input 
parameters in order to alter the quality of output parameters. 

Output parameters like success rates of students, acceptance in professional fields, 
absorption in higher education etc were  identified, which would reinforce utility of 
quality management systems. Some of the early implementations of accreditation systems 
in education, notably in technical education, insisted on input-output model as a yardstick 
for measuring quality in educational institutions[3]. In this instructor-and-infrastructure-
centric model, qualifications of instructors, and infrastructural ambience were deemed to 
be the contributing factors determining the quality of graduates and hence were subjected 
to evaluation and thorough scrutiny. 
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In 1989, a few countries signed the Washington Accord[4], which was primarily created to 
standardise technical education within the signatories’ territorial limits, through a process 
of accreditation, which would help, among other things to streamline technical education 
and allow movement of graduates from one member nation to another, either to study or 
work. The National Board of Accreditation (NBA) responsible for accrediting technical 
educations in India, coopted to be member of Washington Accord in 2013, and now 
follows the Outcome-based model of accreditation[3]. In this model, the outcomes of 
learner are evaluated for accrediting a programme. Learners are supposed to acquire a set 
of graduate-attributes realisable through curriculum and other mechanisms, the 
effectiveness of which is assessed through evaluation processes deploying direct or 
indirect means of measurement. 

Cross-border movement of Education 

In mid 90s, the World Trade Organisation (WTO) introduced General Agreement for Trade 
in Services (GATS) which was a set of multilateral rules covering international trade in 
services. The agreement, among other things, wanted signatories to allow free cross-
border trade of services, and whenever it happened, the foreign service provider was to be 
treated as any other  national service provider. Education was one among the twelve 
service sectors identified by WTO to be liberalised[5]. India is a member of World Trade 
Organisation. 

In the new environment, some of the salient features awaiting an accredited programme is 
multifold. Educational qualifications acquired through an accredited programme will be 
acknolwedged in all member countries, who are signatories to Washington Accord and 
WTO[6]. A graduate of an accredited programme of one country can even opt to 
discontinue in between and migrate to another member country for completing the 
graduate programme – all acquired credits are transferable.  

Technical education can also be offered in off-campus distance learning mode and be 
subjected to accreditation. Such accredited programmes would have the same validity of 
ones administered via normal on-campus mode. Georgia Tech, one of top-ten public 
universities in United States, for instance, has already started offering accredited  
undergraduate and post-graduate programmes in Computer Science at a fraction of fees of 
their on-campus programmes[7]. Employers in India as well as all other institutions of 
learning are bound by laws framed by WTO/GATS and Washington Accord/NBA to accept 
graduates holding qualifications of any of these accredited programmes[6]. In a nut-shell, 
the disruption of education services in the tertiary and higher education sectors, might 
have just begun. 
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10. Heat Death of the Universe 
SAJEEB RAHIMAN A.H, ASSOCIATE PROFESSOR, DEPARTMENT OF ME 

The idea of heat death of the universe is derived from the first two 
thermodynamic lawds. Spec i f ica l ly, in 1851  Wil l iam 
Thomson  (Lord Kelvin) outlined the view, as based on recent 
experiments on the dynamical  theory of heat, that "heat is not a 
substance, but a dynamical form of mechanical effect, we perceive 
that there must be an equivalence between mechanical work and 
heat, as between cause and effect."  Heat death does not imply any 
particular  absolute temperature; it only requires that temperature 
differences or other processes may no longer be exploited to 
perform work. In the language of physics, this is when the universe 

reaches thermodynamic equilibrium (maximum entropy). 

Keywords: Thermodynamic equilibrium, Laws of thermodynamics, energy degradation, 
entropy, heat death. 

1. INTRODUCTION 

The idea of heat death was first proposed in loose terms beginning in 1851 by William 
Thomson(Lord Kelvin)  , who theorized further on the mechanical energy loss views 
of Sadi Carnot (1824), James Joule (1843), and Rudolf Clausius (1850). Thomson’s 
views were then elaborated on more definitively over the next decade by German 
physicist Herman von Helmholtz and Scottish physicist William Rankine.  

In 1852, Thomson published his “On a Universal Tendency in Nature to the Dissipation of 
Mechanical Energy” in which he outlined the rudiments of the  second law of 
thermodynamics summarized by the view that mechanical motion and the energy used 
to create that motion will tend to dissipate or run down, naturally.  

2. WILLIAM THOMSON ON HEAT DEATH 

William Thomson came to three conclusions. 

1. There is at present in the material world a universal tendency to the dissipation of 
mechanical energy. 

2. Any restoration of mechanical energy, without more than an equivalent of dissipation, 
is impossible in inanimate material processes, and is probably never effected by means of 
organized matter, either endowed with vegetable life or subject to the will of an animated 
creature. 

3. Within a finite period of time past, the earth must have been, and within a finite period 
of time to come the earth must again be, unfit for the habitation of man as at present 
constituted, unless operations have been, or are to be performed, which are impossible 
under the laws to which the known operations going on at present in the material world 
are subject. 
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3. FIRST LAW AND SECOND LAW OF THERMODYNAMICS 

As we all know the first and second laws of thermodynamics are as follows; 

First law states that the quantity of energy in the Universe remains constant, Principle of 
conservation of energy. 

Second law states that the quality of this energy is degraded irreversibly, Principle of 
degradation of energy. 

The first principle establishes the equivalence of the different forms of energy and the 
possibility of transformation from one form to another. The first principle considers heat 
and energy as two magnitudes of the same physical nature. 

Lord Kelvin, Carnot and Clausius revealed that there is a hierarchy among the various 
forms of energy and an imbalance in their transformations. 

Based on the ideas of Lord Kelvin, Joule, Boltzmann, Carnot, and Clausius, the first and 
second laws of thermodynamics can now be restated in two profound sentences: 

The total energy of the universe is a constant. 

The total entropy of the universe always increases. 

To explain the nature of this transformation, it is convenient, in the first place, to 
divide stores of mechanical energy into two classes—statical and dynamical. A quantity 
of weights at a height, ready to descend and do work when wanted, an electrified body, a 
quantity of fuel, contain stores of mechanical energy of the statical kind. Masses of matter 
in motion, a volume of space through which undulations of light or radiant heat are 
passing, a body having thermal motions among its particles (that is, not infinitely cold), 
contain stores of mechanical energy of the dynamical kind.  

Potential, chemical or electrical energy can be completely changed to heat. But the reverse 
cannot be fully accomplished without an inevitable loss of energy in the form of 
irretrievable heat. This does not mean that the energy is destroyed, but means that it 
becomes unavailable for producing work. That is potential energy is degraded here 
irreversibly to an inferior lower quality form- heat. The irreversible increase of this 
nondisposible energy in the Universe is measured by the term entropy. 

Heat is energy – it is the kinetic energy that results from the movement of molecules in a 
gas or the vibration of atoms in a solid. In the form of heat this energy is reduced to a 
state of maximum disorder in which each individual movement is neutralized. 

Get to the example: the mass movement of molecules in a gas will produce work as 
driving a piston. But where motion is headed in all directions at the same time, that is 
disordered; energy will be present but ineffective. 
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The rock has potential energy localized in it when you lift it up above the ground. Drop it 
and that PE changes to kinetic energy (energy of movement), pushing air aside as it falls 
(therefore spreading out the rock’s KE a bit) before it hits the ground, dispersing a tiny bit 
of sound energy (compressed air) and causing a little heating of the ground it hits and the 
rock itself.   The rock is unchanged (after a minute when it disperses to the air the small 
amount of heat it got from hitting the ground).    But the potential energy that your 
muscles localized in by lifting it up is now totally spread out and dispersed all over in a 
little air movement and a little heating of the air and ground. [System: rock above 
ground, then on ground. Surroundings: air plus ground.] 

Consider the example; Water falling over a power dam converts gravitational potential 
energy into kinetic energy to turn a turbine. In turn this kinetic energy is converted into 
electrical energy. However some energy is lost as heat is dispersed into the Universe – the 
entropy of the Universe increases. It must do so, or the water would not flow over the 
dam and do useful work. 

One can say that the sum of all the quantities of heat lost in the course of every activity 
that has taken place in the Universe measures the accumulation of entropy. 

What this means is that within a closed system—in this case our universe—energy can 
only move from being more concentrated, more organized, and more useful, to being less 
concentrated, less organized, and less useful. 

We have stars burning, we have planets cooling, and we have lights shining. All of these 
take usable, organized energy and convert it into its distributed, mostly unusable form. 

It’s important to note that no energy is being lost. When a star burns out, the energy it 
sent out is still out there somewhere. It was absorbed by planets; it heated the galaxy it 
was in, etc. And when you light a flashlight the light that comes out does not disappear. It 
bounces off things; it heats the planet ever so slightly, and gets absorbed by the air 
particles it moved through. 

All the energy is still there. None of the energy from all this stars and galaxies left the 
universe, all the heat is dispersed and unusable. Most importantly, it would take more 
energy to collect what’s out there than you’d get from collecting it. 

In this 1852 article "The Kinetic Theory of the Dissipation of Energy," Proceedings of the 
Royal Society of Edinburgh, Vol. 8, p.325  , Thomson specifically cited interaction with 
radiation as responsible for irreversibility, 

When radiant heat of light is absorbed, otherwise than in vegetation, or in chemical 
action, there is a dissipation of mechanical energy, and perfect restoration is impossible. 

The motion of every particle of matter in the universe were precisely reversed at any 
instant, the course of nature would be simply reversed for ever after. The bursting bubble 
of foam at the foot of a waterfall would reunite and descend into the water; the thermal 
motions would reconcentrate their energy, and throw the mass up the fall in drops re-
forming into a close column of ascending water. Heat which had been generated by the 
friction of solids and dissipated by conduction, and radiation with absorption, would come 
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again to the place of contact, and throw the moving body back against the force to which 
it had previously yielded. 

If the materialistic hypothesis of life were true, living creatures would grow backwards, 
with conscious knowledge of the future, but no memory of the past, and would become 
again unborn. But the real phenomena of life infinitely transcend human science; and 
speculation regarding consequences of their imagined reversal is utterly unprofitable. Far 
otherwise, however, is it in respect to the reversal of the motions of matter uninfluenced 
by life, a very elementary consideration of which leads to the full explanation of the 
theory of dissipation of energy. 

The term “entropy” was introduced in 1865 by Rudolf Clausius, who had noticed that a 
certain ratio was constant in reversible heat cycles–the ratio of heat exchanged to absolute 
temperature–which he thought must correspond to a real, physical quantity. He termed 
this quantity “entropy.” In thermodynamics, entropy provides a measure of the energy 
unavailable for work. 

Entropy measures the spontaneous dispersal of energy, how much energy is spread out in 
a process or how widely spread out it becomes, at a specific temperature. 

Look on to another example; Consider a gas on a tube moving to an evacuated bulb – as 
does any energy, the motional energy of the molecule (translation and rotation) spreads 
out as widely as it can, if it is not hindered. If there are particles with motional energy and 
there is an increased space that possibility could be occupied. Those particles will spread 
out widely and the entropy of the gas will increase. That means wider energy dispersal 
increases entropy. 

More examples: a) a rock will fall if you lift it up and let it go. B) Air in a high pressure 
tyre shoots out from even a small hole to the lower pressure. 

What is happening in each of these processes? Energy of some kind is changing from 
being localized to becoming more spread out. 

That is, left to itself an isolated system tends towards a state of maximum disorder. 

That means for the Universe the entropy will increase with time. With increasing disorder 
there is inherently less energy that can be used to do useful work. Eventually when all 
stars have died, all forms of potential energy have been utilized and all temperatures have 
equalized, there will be no possibility of doing work. That is with this inherent lack of 
useful energy, at some point of time, the Universe will reach a state of thermal equilibrium 
– maximum disorder. This state is called the heat death of the universe. 

3. FREEMAN DYSONS VIEW 

Freeman Dyson, the legendary physicist, makes an interesting argument about why there 
isn’t heat death.   He believes gravity will prevent heat death from ever occurring. Writing 
in the  New York Review of Books  about James Gleicks’ new book  The Information, 
Dyson mentions almost in passing that “Thanks to the discoveries of astronomers in the 
twentieth century, we now know that the heat death is a myth. The heat death can never 
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happen, and there is no paradox.” As an explanation Dyson offers his Cooking Rule 
illustration: 

The cooking rule says that a piece of steak gets warmer when we put it on a hot grill. 
More generally, the rule says that any object gets warmer when it gains energy, and gets 
cooler when it loses energy. Humans have been cooking steaks for thousands of years, and 
nobody ever saw a steak get colder while cooking on a fire. The cooking rule is true for 
objects small enough for us to handle. If the cooking rule is always true, then Lord Kelvin’s 
argument for the heat death is correct. 

We now know that the cooking rule is not true for objects of astronomical size, for which 
gravitation is the dominant form of energy. The sun is a familiar example. As the sun loses 
energy by radiation, it becomes hotter and not cooler. Since the sun is made of 
compressible gas squeezed by its own gravitation, loss of energy causes it to become 
smaller and denser, and the compression causes it to become hotter. For almost all 
astronomical objects, gravitation dominates, and they have the same unexpected behavior. 
Gravitation reverses the usual relation between energy and temperature. In the domain of 
astronomy, when heat flows from hotter to cooler objects, the hot objects get hotter and 
the cool objects get cooler. As a result, temperature differences in the astronomical 
universe tend to increase rather than decrease as time goes on. There is no final state of 
uniform temperature, and there is no heat death. Gravitation gives us a universe 
hospitable to life. Information and order can continue to grow for billions of years in the 
future, as they have evidently grown in the past.  

4. CONCLUSION 

The idea that low-entropy matter-energy is the ultimate natural resource requires some 
Consider an hour glass. It is a closed system in that no sand enters the glass and none 
leaves. The amount of sand in the glass is constant -- no sand is created or destroyed 
within the hour glass. This is the analog of the first law of thermodynamics: there is no 
creation or destruction of matter-energy. Although the quantity of sand in the hour glass is 
constant, its qualitative distribution is constantly changing: the bottom chamber is filling 
up and the top chamber becoming empty. This is the analog of the second law, which 
entropy (bottom-chamber sand) always increases. Sand in the top chamber (low entropy) 
is capable of doing work by falling, like water at the top of a waterfall. Sand in the bottom 
chamber (high entropy) has spent its capacity to do work. The hour glass cannot be 
turned upside down: waste energy cannot be recycled, except by spending more energy to 
power the recycle than would be reclaimed in the amount recycled. 
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11. High Entropy Alloys - Current and 
Future Applications 

MATHEW PRINS KORAH PHILIP, ASSISTANT PROFESSOR, DEPARTMENT OF ME 

The conventional alloys like steel, superalloys, etc. are based on one 
principal element with alloying additions done to improve their 
structural and functional properties. In contrast, high entropy alloys 
(HEAs) are multicomponent alloys having constituents in equiatomic 
or near equiatomic ratios. They exhibit simple solid solution 
structures owing to their high configurational entropy. HEAs have 
been shown to possess good creep strength, excellent oxidation 
corrosion and wear resistance, high hardness, superior thermal and 
chemical stability and good magnetic properties.   The term “high-

entropy alloys” was coined because the entropy increase of mixing is substantially higher 
when there are a larger number of elements in the mix, and their proportions are more 
nearly equal. 

Because of low density and high strength they find application in transportation and 
energy industries. These applications require performance, reliability and endurance in 
extreme operating conditions. Frictional heating can raise the surface temperature of 
supersonic aircraft to well above 300°C, and temperatures in the first- and second-stage 
compressor sections of turbine fan jet engines can exceed 400°C. HEAs are good 
candidates to replace steel and Titanium alloys. Applications may include the compressor 
blades of an aero-engine which are often manufactured using Ti-base alloys. HEAs can be 
used to protect the surface of machine components and tools because of their high 
hardness, wear resistance, high-temperature softening resistance, anticorrosion, and 
combinations of these properties.  

Hardfacing technology can be employed whereby the HE alloys are fabricated into rods 
and powders and then plasma arc or thermally-sprayed onto the surface of tools and other 
components. The hardfacing process involves adding a thick layer of wear and/or 
corrosion resistant material by welding, thermal spray welding. Common industrial uses 
include moulds, dies, tools and nozzles. They are also increasingly finding applications as 
binders where particles such as Fe, Co and Ni, and ceramic particles such as WC and TiC. 
AlCoX and CoCrX, have potential to replace the conventional binders in hard metals alloy 
binders after liquid -phase sintering, even without the presence of grain refiners as they 
have low contents of expensive cobalt and are composed of an FCC phase.  

HEAs can be used in coatings used in food preservation and cook ware due to 
anticorrosion, anti-oxidation and wear resistance properties. Bacteria for example E-coli 
can be prevented from reproducing and building colonies. They can be used to suppress 
electromagnetic interference especially in electronics. For example, at 13000 MHz a 
coating of 1µm can be effective as a screen in commercial applications. CrMnFeCoNi alloy 
can be used in cryogenic applications such as liquefied gas storage and can retain 
mechanical properties at temperatures as low as 77K. Thus there is wider scope for the 
application of high strength alloys. 
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These alloys are currently the focus of significant attention in  materials science  and 
engineering because they have potentially desirable properties. Furthermore, research 
indicates that some HEAs have considerably better  strength-to-weight ratios, with a 
h i g h e r d e g r e e o f  f r a c t u r e r e s i s t a n c e ,  t e n s i l e s t r e n g t h , a s w e l l 
as  corrosion  and  oxidation  resistance than conventional alloys. Although HEAs have 
been studied since the 1980s, research substantially accelerated in the 2010s 
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12. Being Judgemental 
MAHALINGAM P. R., ASSISTANT PROFESSOR, DEPARTMENT OF CSE 

One of the biggest aspects that come to our mind when it comes to 
using Machine Learning and Data Science is that the solution needs 
to be "good enough to fit the requirements". This leads us to setting 
acceptable margins of error, and taking results with a pinch of salt. 
But sometimes, we tend to forget that fundamental fact.  

Machine Learning has come to a situation where it is becoming 
nearly indispensable in our daily lives. From our mobile phones to 
complex space shuttles, automated decision making is making 

inroads into almost all domains out there. While that eases the load away from humans to 
a great extent, we tend to take the results with an element of doubt.  

The primary reason for such a predicament is that these algorithms are only as good as 
the data you feed them. If the algorithms know all possible scenarios in an exhaustive 
training regime, we may not have to bother about this. But the algorithms are like 
children. They learn as they fall. If the system is entirely dependent on such a model to 
take decisions, the "fall" may be fatal for others.  

Even after knowing that the model is possibly suboptimal, why should we stress on the 
accuracy to a huge extent? As humans, even we make mistakes when being forced to take 
decisions in a short span of time. Shouldn't the selection of algorithm be based on how 
well the algorithm is able to take decisions considering the amount of data and time given 
to it?  

If we weigh the return on investment for each algorithm, the result may not be as we 
expect. Considering that the algorithm takes time and computing resources for execution, 
lets take the runtime as the measure of investment. Since the algorithm is expected to 
reach an accurate conclusion at the end of training, let's take accuracy of decision as the 
returns. In this case, the RoI of algorithm (considering the general definition itself), will 
be the ratio of accuracy to runtime (which we denote as the A/C Ratio).  
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A good model should generate acceptable levels of accuracy in the stipulated time. If the 
model gives exceptional levels of accuracy, but takes forever to compute, it won't be of any 
use in any practical scenario. Similarly, if an algorithm is fast, but doesn't give any 
accurate conclusions, there is no point in selecting that.  

But keep in mind that all these hold only if the data supplied to the algorithm is of good 
quality, and the algorithm itself fits the domain in which it is applied.  
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13. Mahalanobis Distance 
DR. PRADEEPMON T.G. AND DR. MANOJ KUMAR K., DEPARTMENT OF ME 

The Mahalanobis Distance is the most often used 
measure of divergence or distance between groups in 
terms of multiple characteristics. The square of 
Mahalanobis Distance is called Mahalanobis Δ2 [1]. 
This measure was proposed by P C Mahalanobis [2] in 
the context of his studies on racial likeness. The 
Mahalanobis Distance measures the relative distance 
between two variables with respect to the centroid - 
a base or central point which can be thought of as an 

overall mean for multivariate data. Therefore, larger the value of Mahalanobis Distance, 
the instance of the variable is farther from the centroid [3]. 

The Mahalanobis Distance between two objects is defined as the distance between these 
objects in a multivariate space. Normally in a Euclidean space, the variables are 
represented by the axes (x, y and z) drawn at right angles to each other and the distance 
between two variables can be measured using a ruler. But when the dimensions of the 
variables become more than three, they cannot be represented in a three-dimensional 
space. Another such case is, if the two or more variables under consideration are 
correlated, the axes are not at right angles. And in both the above-mentioned cases, the 
measurement of distance between the variables using a ruler is impossible. A solution to 
these problems is Mahalanobis Distance, as it represents distance between points in a 
multi-dimensional space as well as correlated points of multiple variables [4]. 

The MD(x) of a variable x = (x1, x2, x3 …. xN)T from a set of observations with mean μ = 
(μ1, μ2, μ3 …. μN)T and covariance matrix S is defined as [2]: 

  

The Mahalanobis Distance is a well-known criterion which may be used for detecting 
outliers in multivariate data. The Mahalanobis Distance is thus a very useful statistic in 
multivariate analysis. The other applications of Mahalanobis Distance include, Cluster 
analysis and classification techniques (Mahalanobis Distance is closely related to 
Hotelling's T-square distribution used for multivariate statistical testing and Fisher's Linear 
Discriminant Analysis that is used for supervised classification [5].), Image processing 
(Detect the probable anomalies lying in the images analysed from sparse matrix 
decomposition), Precision Medicine (study in RNA sequencing has applied MD to analyse 
molecules to predict breast cancer survival), Neurocomputing (detection of arrhythmia in 
an electrocardiogram (ECG)) and many more. 

T 1
( ) ( ) ( )xMD x S xµ µ−= − −
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14. Sportswear giant set to tap Indian 
firm’s PET project to cut virgin plastic 

use 
HARIKRISHNAN N., ASSISTANT PROFESSOR, DEPARTMENT OF ME 

Discarded bottles are upcycled to make high-quality polyester 
filament yarn for Adidas products 

Global sportswear giant Adidas aims at eliminating the use of virgin 
plastics in its products by 2024 — with a little help from a Maharashtra-
based firm — the only one of its kind in the country to produce yarn 
out of discarded PET bottles. 

At its first factory set up in Nashik five years ago, Polygenta Technology 
Limited deploys a unique technology to break down used PET (short for 

Polyethylene Terephthalate) bottles and convert them into polyester filament yarn. 

The firm, with a capacity to convert 30 tonnes of PET bottles into yarn a day, plans to 
scale up capacity to around 100 tonnes a day in the next two years to meet demand from 
the likes of Adidas — one of its first clients. 
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Gobbling bottles 

This would mean Polygenta would be converting around 8 to 10 million bottles a day in a 
couple of years from now. The yarn produced by Polygenta, currently sent to Adidas’ 
manufacturing centres to be converted into sportswear, may also be tapped to potentially 
upcycle clothes made from polyester yarn, said the firm’s chief marketing officer 
Makarand Kulkarni. 

According to the United Nations, around 300 million tonnes of plastic are produced every 
year — roughly the weight of the entire human population. Of this, eight million tonnes of 
plastic waste ends up in the oceans; PET bottles are the main contributors to plastic waste 
globally and in India. 

Mr. Kulkarni said the firm’s technology allows for breaking down used PET bottles to the 
base product - an ester, which is then used to manufacture yarn. 

“Since the time we started, we have recycled over two billion bottles. At present, we 
recycle roughly two million bottles a day,” he said. 

Mr. Kulkarni said the PET material collection rate in India is nearly 80% — among the best 
in the world — but a good portion of these bottles are downcycled, eliminating the 
possibility of further recycling. Downcycling is reuse of waste in a manner that the 
recycled product is of lower value than the original material. 

“Through our process, we produce high quality polyester filament yarn, which is on par 
with yarn made through the conventional process. Moreover, there is huge energy savings 
through this process, making it more sustainable,” he said. 

Energy efficient 

The upcycling process consumes 86% less water and 75% less energy than conventional 
manufacturing, but costs approximately 10% more, Polygenta claims. 

“A key area where costs can be reduced is curbing the level of contamination in PET 
bottles. If PET bottles are disposed and collected properly, one can expect savings to the 
tune of Rs. 5 per kg,” Mr. Kulkarni said, citing an example of Japan where individuals 
dispose PET bottles after removing the caps and the labels.  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15. Optical Kerr Effect Based NOT and 
OR Logic Gates in Photonic Crystal 

Slabs 
RENJU RAJAN, ASSISTANT PROFESSOR, DEPARTMENT OF BSH 

Abstract: In this paper, NOT and OR logic gates are designed in 
photonic crystal slabs based on optical Kerr effect. Photonic crystal 
slab is a planar structure with periodically varying refractive index. 
In these structures, due to the formation of photonic band gap, 
certain wavelengths are forbidden. For these wavelengths, when 
some defects are created within the structure, light can be confined 
within the defects.  Logic gates can be realized in photonic crystal 
slabs by cavity and waveguide defects which are created in these 
structures. By making use of optical Kerr effect, refractive index of 
cavity medium is altered to realize logical switching which is the 
basis of NOT and OR logic gates designed. 

Keywords: Photonic crystal slab, Optical logic gates, Optical Kerr effect 

1. Introduction 

Photonic crystal slab (PhC) is a planar structure made of silicon or other compound 
semiconductor material with periodically varying refractive index [1]. Towards this goal, 
air holes are etched in these structures such that a photonic band gap (PBG) is formed for 
certain wavelengths at which light cannot propagate through this structure. For these 
wavelengths, when some defects are created within the structure by disturbing the 
periodicity, light can be channelized through them with little propagation loss [2]. This is 
the working principle of a PhC slab. The PBG formation in a periodically varying refractive 
index structure is analogous to band gap formation for electrons in a crystal structure with 
Bragg diffraction from multiple ion lattice sites. In PhC slabs, the Bragg diffraction is due 
to the periodic variation in refractive index by air holes. 

2. Logic gates in photonic crystals 

Logic gates are fundamental building blocks of a digital computer. Basic logic operations 
such as NOT, AND, OR, as well as their derivatives can be generated using these digital 
circuits. Logic gates can be realized in PhC slabs by making use of nanocavities created in 
these structures. The cavity length of nanocavity decides the resonance wavelength 
according to relation [3],  

                                                                                                                 
(1) 

where d is cavity length, λ is wavelength of light, p is an integer, and n is the refractive 
index of the medium within the cavity. Refractive index of the medium can be varied 
based on intensity of laser light as a result of optical Kerr effect, given by, 

2 ,nd pλ=
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(2) 

where n0 is linear refractive index, and n2 is nonlinear refractive index coefficient [4]. 
When cavity length of nanocavity is fixed such that the resonance wavelength is less than 
the wavelength of incident light, the nanocavity is opaque to incident light. When an 
intense pulse is sent through the nanocavity, due to optical Kerr effect of the medium, the 
refractive index of the medium changes such that the resonance wavelength shifts to the 
wavelength of incident light. This optical switching process due to optical Kerr effect can 
be used for realizing logic gates in a PhC slab. 

3. NOT gate in a photonic crystal 

A NOT gate can be realized in a PhC slab as shown in Fig. 1. Nanocavity created in this 
structure has resonant wavelength same as that of the input light. Here, the coupling 
between the waveguide and nanocavity is such that when there is no optical pulse at the 
input waveguide, the bias light would emerge at the output waveguide. On the other 
hand, when an optical pulse is passed through the input waveguide, refractive index of the 
medium gets differs due to nonlinearity of the medium. As a result, the resonant 
wavelength of the resonator differs considerably from the input wavelength of the bias 
light, resulting in decoupling of the bias light from the nanocavity and the output 
waveguide. In this way, the requirement of a NOT gate can be satisfied using this design 
wherein the presence of an optical pulse at the input end gives no light at the output, and 
the absence of an optical pulse gives light at the output end of the waveguide. Here, the 
presence of a pulse at the input waveguide denotes a logic one, and the absence of a pulse 
denotes a logical zero. 

                         

Fig. 1:   NOT gate using a photonic crystal slab. 

0 2( ) ,n I n n I= +
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Fig. 2: OR gate using a photonic crystal slab. 

4. OR gate in a photonic crystal           

An OR gate can be implemented in a PhC slab as shown in Fig. 2. The nanocavities 
adjacent to the input waveguides are set to have resonance at wavelengths below the 
input wavelength of light. In this way, they are opaque when there is no input pulse. On 
the other hand, when a pulse is sent through the input waveguide, there is an increase in 
local refractive index due to optical Kerr effect, and as a result, the cavities are set to 
resonance such that the light reaches the output waveguide through the intermediate 
cavity having resonance at the input wavelength of light. This can occur when a pulse is 
sent through both or either of the input waveguides. Thus, the arrangement of 
nanocavities in this manner helps to create an OR gate in a PhC slab. 

5. Conclusion         

In this paper, it has been demonstrated that optical logic operations can be implemented 
in photonic crystals using optical nanocavities created in these structures. The key feature 
which decides the working of photonic crystal slab based logic gates is the change in 
refractive index which arises due to the optical Kerr effect upon the passage of laser 
pulses. Photonic crystal slabs with nanocavity enabled logic gates and memory units can 
be used for constructing an all-optical information processor analogous to semiconductor 
microprocessors.         
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16. Introduction to Multi-Value Logic 
Transistor 

RISHIKESH P H, ASSISTANT PROFESSOR, DEPARTMENT OF ECE 

Abstract— Computers and similar electronic devices have gotten faster 
and smaller over the decades as computer-chip makers have learned 
how to shrink individual transistors, the tiny electrical switches that 
convey digital information. Beyond 1 and 0: Engineers boost potential 
for creating successor to shrinking transistors. 

I.INTRODUCTION 

Scientists’ pursuit of the smallest possible transistor has allowed more 
of them to be packed onto each chip. But that race to the bottom is 

almost over: Researchers are fast approaching the physical minimum for transistor size, 
with recent models down to about 10 nanometers -- or just 30 atoms -- wide. 

"The processing power of electronic devices comes from the hundreds of millions, or 
billions, of transistors that are interconnected on a single computer chip," said Dr. 
Kyeongjae Cho, professor of materials science and engineering at The University of Texas 
at Dallas. "But we are rapidly approaching the lower limits of scale." 

 To extend the quest for faster processing speed, the microelectronics industry is looking 
for alternative technologies. Cho's research, published online April 30 in the journal 
Nature Communications, might offer a solution by expanding the vocabulary of the 
transistor. 

Conventional transistors can convey just two values of information: As a switch, a 
transistor is either on or off, which translates into the 1s and 0s of binary language. 

One way to increase processing capacity without adding more transistors would be to 
increase how much information each transistor conveys by introducing intermediate states 
between the on and off states of binary devices. A so-called multi-value logic transistor 
based on this principle would allow more operations and a larger amount of information 
to be processed in a single device. 

II.Fundamental Advance: Multi-Value Logic Transistor Created, Faster Than Binary, 
Quantum Interface 

"The concept of multi-value logic transistors is not new, and there have been many 
attempts to make such devices," Cho said. "We have done it." 

Through theory, design and simulations, Cho's group at UT Dallas developed the 
fundamental physics of a multi-value logic transistor based on zinc oxide. Their 
collaborators in South Korea successfully fabricated and evaluated the performance of a 
prototype device. 

Cho's device is capable of two electronically stable and reliable intermediate states 
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between 0 and 1, boosting the number of logic values per transistor from two to three or 
four. 

Cho said the new research is significant not only because the technology is compatible 
with existing computer-chip configurations, but also because it could bridge a gap 
between today's computers and quantum computers, the potential next landmark in 
computing power. 

While a conventional computer uses the precise values of 1s and 0s to make calculations, 
the fundamental logic units of a quantum computer are more fluid, with values that can 
exist as a combination of 1s and 0s at the same time or anywhere in between. Although 
they have yet to be realized commercially, large-scale quantum computers are theorized to 
be able to store more information and solve certain problems much faster than current 
computers. 

"A device incorporating multi-level logic would be faster than a conventional computer 
because it would operate with more than just binary logic units. With quantum units, you 
have continuous values," Cho said. 

"The transistor is a very mature technology, and quantum computers are nowhere close to 
being commercialized," he continued. "There is a huge gap. So how do we move from one 
to the other? We need some kind of evolutionary pathway, a bridging technology between 
binary and infinite degrees of freedom. Our work is still based on existing device 
technology, so it is not as revolutionary as quantum computing, but it is evolving toward 
that direction." 

  

Figure 1: Zinc Oxide Composite Nano layer 
Credit: University of Texas at Dallas 

In Figure 1, the image on the left shows two forms of zinc oxide combined to form a 
composite Nano layer in a new type of transistor: Zinc oxide crystals (inside the red 
circles) are embedded in amorphous zinc oxide. The image on the right is a computer 
model of the structure that shows electron density distribution. 

The technology Cho and his colleagues developed uses a novel configuration of two forms 
of zinc oxide combined to form a composite Nano layer, which is then incorporated with 
layers of other materials in a super-lattice. 

The researchers discovered they could achieve the physics needed for multi-value logic by 
embedding zinc oxide crystals, called quantum dots, into amorphous zinc oxide. The 
atoms comprising an amorphous solid are not as rigidly ordered as they are in crystalline 
solids. 

©R&C CELL, MITS !53



VOL 1 - JULY 2019 GYANVESHAN

"By engineering this material, we found that we could create a new electronic structure 
that enabled this multi-level logic behavior," said Cho, who has applied for a patent. "Zinc 
oxide is a well-known material that tends to form both crystalline solids and amorphous 
solids, so it was an obvious choice to start with, but it may not be the best material. Our 
next step will look at how universal this behavior is among other materials as we try to 
optimize the technology. 

"Moving forward, I also want to see how we might interface this technology with a 
quantum device." 

Dr. Jiyoung Kim, professor of materials science and engineering at UT Dallas, and Dr. 
Jeongwoon Hwang, a former postdoctoral researcher in Cho's lab currently at Chonnam 
National University in South Korea, are co-authors of the Nature Communications article, 
along with researchers at South Korean universities: Hanyang University, Gwangju 
Institute of Science and Technology, Yonsei University, Kookmin University, and Ulsan 
National Institute of Science and Technology. 

The research was supported by the National Research Foundation of Korea. 

  

Figure 2: Dr. Kyeongjae Cho. 
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17. Challenges in preparing stable 
nanofluids 

DR. MANOJ KUMAR K, DR. PRADEEPMON T G, PRISLEY VARGHESE MATHEW, 

DEPARTMENT OF ME 

N a n o f l u i d s a r e c o l l o i d a l 
suspensions of functionalized 
nanoparticles in a base fluid. The 
nanoparticles are usually dispersed 
in water, oils, ethylene glycol etc. 
for making different nanofluids. 
The fundamental properties of the 
base fluid like its cooling ability, 
w e t t i n g a n d l u b r i c a t i o n 

characteristics, load carrying capacity and extreme pressure properties observed to 
improve by the addition of nanoparticles (Zhou et al., 1999).  

However, obtaining a stable nanofluid is a major challenge. Stability of the prepared fluid 
depends on several factors. Nanofluid is generally a multiphase system containing 
particles with large surface area and associated high surface energy. This causes adherence 
of particles in the dispersion forming large aggregates, which settles down easily under 
gravity. Another aspect is the strong Brownian motion exhibited by nanoparticles inside 
the prepared fluid. The high mobility associated with these particles can favor their 
sedimentation tendency caused by gravity field. Thirdly, any chance of chemical reaction 
between suspended particles, base fluid and the chemicals that are being used can 
severely affect dispersion steadiness. Stability of the prepared fluid can be evaluated using 
different methods. The simplest one is sedimentation method, in which sediment volume 
or weight of nanoparticles in a prepared fluid under an external force field is analyzed. 
Evaluation of zeta potential, which gives a clear indication of the potential difference 
between dispersing medium and a static layer of liquid attached to the dispersed 
nanoparticle, also gives an idea about the stability of nanofluid. A high zeta potential 
value (positive or negative) is an indication of electrically stabilized fluid, while a low 
value shows flocculation tendency. Spectral absorbency analysis is another active method 
for dispersion analysis, which actually establishes the relationship between concentrations 
of nanoparticles in the base fluid and the absorbency intensity. For example, UV-vis 
spectral analysis can be used if the dispersed nanoparticles in the base fluid have an 
absorption band with wavelength 190-1100 mm (Yu et al., 2006). 

The agglomeration tendency of nanoparticles or the rate of aggregation in a nanofluid is 
generally determined by the frequency of collisions between suspended particles and the 
probability of cohesion after the collision. So for getting a stable nanofluid, the repulsive 
force between suspended particles must be dominant over the attractive forces. The 
easiest and economic way to enhance the stability of nanofluids is the use of surfactants or 
dispersants. Addition of surfactants generally improves the stability of nanoparticles in 
aqueous solutions. Surfactants modify the hydrophobic surfaces of nanoparticles to behave 
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like hydrophilic by acting at the interface of two phases, thereby improving the degree of 
continuity between particles and base fluid. Zeta potential or surface charge of the 
suspended nanoparticles in the base fluid is found to increase significantly by the addition 
of surfactants thereby improving stability (Hwang et al., 2007). The quantity of surfactant 
should be adequate for making a suitable encapsulation on the particle surface so that the 
repulsive forces compensate for van der Waal’s force of attraction. Surfactants can be 
cationic, anionic, non-ionic or amphoteric and choosing the right one is important in 
nanofluid preparation. 

Use of surface modified or functionalized nanoparticles and controlling the pH of the 
solution are other approaches for attaining long term stability for nanofluid without using 
a surfactant. Carbon nanotubes modified by introducing hydrophilic groups on the surface 
through a mechanochemical reaction showed excellent fluidity, low viscosity, high thermal 
conductivity and good stability (Hwang et al., 2007). Chemical modification is an 
alternative method for functionalizing CNT surfaces for ensuring good stability 
(Wepasnick et al., 2010). Water affinity of diamond nanoparticles can be improved by 
surface modification through plasma polymerization (Yu et al., 2006). Similarly 
polymethacrylic acid is useful for dispersion of ZnO nanoparticles in an aqueous system 
(Tang et al., 2006).  

Fig. 1 (a) Steric stabilization (b) Electrostatic stabilization (Yu et al., 2012) 

In general, colloidal stability of fluids are broadly classified into two, based on the type of 
repulsive mechanism: steric repulsive type and electrostatic repulsive type. The 
mechanisms are visualized in figure 1 (a) & (b). In steric stabilization, materials involved 
in the suspension mechanism, like polymers, get adsorbed on the surface of nanoparticles 
producing an additional repulsive force. As mentioned earlier PMMA is good for ZnO 
nanofluids and PVP for silver and graphite based nanofluids (Zhu et al., 2007). In 
electrostatic stabilization, the surface charges developed through different mechanisms, 
help in assuming stability. 
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18. Throwing some light on blue light 
risk of LED lighting  

VENUGOPALAN KURUPATH, ASSOCIATE PROFESSOR, DEPARTMENT OF EEE  

The fruits of scientific/technological progress are increasing human 
population and compounded increase in average life span. As we enjoy 
the material comforts, we face an ever increasing demand for energy 
and more specifically energy in the form of electric energy. Electrical 
energy generation using coal or other fossil fuels cause irreversible 
environmental damage.  

The modern cities never sleep and they require a lot of electrical energy 
in the area of lighting. We have seen dramatic improvements in the 

lighting solutions from the humble incandescent bulb to more modern fluorescent and 
Compact Fluorescent Lamps (CFL). The latest technological success is the adoption of 
lighting solutions based on LED/Solid State Lighting (SSL).  

While the incandescent lamp produced white/ yellowish light more similar to the sunlight, 
the recent lighting solutions produce lights of different spectral distribution. The 
overwhelming focus on energy efficiency has relegated the issues of spectral suitability to 
the background.  

   

Fig.1 Spectrum of light  

The benefits of higher energy efficiency should not come at the expense of serious corneal 
damage and other sleep related health concerns. We owe it ourselves and our children to 
take an unbiased look at the health related issues/risks of LED lighting.  
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Fig.2 Spectrum of an incandescent lamp  

The Spectral distribution of LED Lighting  

  

Fig.3 Spectrum of light from White LED  
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Fig.4 Structure of a typical LED  

The figure shows the typical spectrum of the white LED light. The blue curve peak reaches 
its maximum value at about 435nm. This wavelength corresponds to the primary light 
generated by the LED semiconducting structure itself (the LED die). The secondary peak is 
at 550nm (yellow colour) and this corresponds to the secondary light emitted by 
luminophores excited by the blue light (fluorescence phenomenon). The combination of 
the direct blue light and the yellow/red secondary light produces white colour produced 
by the LED. The red curve is a plot of the amount of retinal damage inflicted by the blue 
light (retinal phototoxicity function). We can observe that the retinal damage reaches a 
maximum value at wavelengths corresponding to the blue light peak emitted by LEDs.  

   

Fig.5 The potential Macular degeneration by blue light  

The blue-coloured bands of light are known also as High Energy Visible (HEV) light and 
carry much more energy than their longer wavelength counterparts. We can see that blue 
light penetrates deeper into the eye than other wavelengths of light, and thus causes 
changes in retinal tissues, including the macula.  

©R&C CELL, MITS !60



VOL 1 - JULY 2019 GYANVESHAN

Standards:The Photobiological standard IEC 62471  

This standard classifies the photobiological safety of lamps and devices into four risk 
groups. They are defined as:  
Risk Group 0 - No risk  
Risk Group 1 - Low risk  
Risk Group 2 - Moderate risk 
Risk Group 3 - High risk 

The risk group depends on the Maximum Permissible Exposure time (MPE time) assessed 
at a given viewing distance of 200mm. In a survey, it was found that while CFL lamps used 
indoors were all in RG0 or RG1 risk category, substantial number of LED lights used in 
indoor applications belonged to the RG2 category. The relatively cheap imports with no 
test certificates and not meeting any standards when used indoors can severely impact the 
eyes. Children are the most vulnerable group to be affected.  

It is found that the damage to the eyes increases substantially when the source is viewed 
close up. This reminds us about the many backlit electronic displays we use. The e-book 
readers, mobile phones, laptop displays and modern TV, all have LED backlighting. The 
smaller devices like mobile phones and e-book readers that we use at night and in near 
dark conditions cause maximum damage in terms of retinal damage and also in terms of 
sleep disorders. Many of these devices provide software settings which limit the blue light 
emission.  

Small changes in our lighting can give large benefits 

Benefits of full spectrum light – Natural Sunlight Full-Spectrum light, that’s balanced with 
both visible & invisible wavelengths is essential to our Health. We are well adapted 
through evolution to handle sunlight and even utilize it for many of our biological 
functions. The invisible Near InfraRed (NIR) light helps prime the cells in your retina in 
‘repair and regeneration’ and helps reduce the risk of macular degeneration.  

For a good nights sleep:  

• To get better sleep, avoid blue light 1 to 2 hours before bedtime.  

• Turn off all screens and electronics as bedtime approaches (1-2 hours before).  

• Light the room with clear incandescent bulbs.  

For work place: 

• If you can, use a clear incandescent bulb. Or get a halogen lamp powered by DC (direct 
current to reduce fatigue due to flicker). If you must use CFLs, use warm-white, double- 
envelope CFLs.  

• Try to sit next to a window for a balance of natural light and artificial electric lighting.  
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For Home:  

• Choose a home with plenty of windows and, if possible, skylights. Windows and 
skylights  
can be added to existing homes. 

• If your lights are on during the day, and you are often home, favour clear incandescent 
bulbs and halogen lamps powered by direct current. 

• Go outdoors more often.  

Benefits of blue light in right doses 

• It increases mental alertness, helps in improving memory and cognitive functions and 
elevates mood of an individual.  

• It helps in regulating the circadian rhythm – the body's natural mechanism of wake and 
sleep cycle. Limited exposure to blue light during waking hours (daytime) helps 
maintain a healthy and beneficial circadian rhythm. Too much exposure to blue light 
late at night (through smart phones, tablets, and computers) can disturb the wake and 
sleep cycle, leading to problems sleeping and daytime tiredness. These disruptions for 
long periods can lead to serious health issues.  

• Not enough exposure to sunlight in children could affect the growth and development of 
the eyes and vision. Early studies show a deficiency in blue light exposure (from natural 
sources of light) could contribute to the recent increase in myopia/nearsightedness. 

Conclusion 

The use of artificial lighting in the form of LED bulbs and more so in the form of 
backlighting in hand held devices has raised concerns regarding the harmful effects of 
blue light content. Many studies have supported this while many have reported negligible 
harmful effects from blue light exposure from LED lights. We owe it to ourselves and the 
next generation to err on the side of caution and prevent damage to the eyes. It would be 
indeed very cruel to have a generation turn a blind eye to the wonders of our beautiful 
world.  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19. Zero Waste: The Global Plastics 
Crisis 

JUBY JOSEPH, ASSISTANT PROFESSOR, DEPT OF ME 

Plastic pollution is one of the challenges the world faces today. It 
litters beaches, clogs up oceans, chokes marine life, is ingested by 
seabirds that then starve to death, and has even been discovered 
embedded in Arctic ice. It’s in the air we breathe, the water we drink 
(bottled and tap), and last year plastic was found in human stools for 
the first time.  

According to the United Nations Environmental Agency the world 
produces around 300 million tons of plastic each year, half of which 

is single-use items, food packaging mainly. Of this colossal total a mere 14 per cent is 
collected for recycling, and only 9 per cent actually gets recycled; 12 per cent is 
incinerated releasing highly poisonous fumes. The rest – nearly 80 per cent – ends up in 
landfill, or worse still, is illegally dumped or thrown into the oceans; around eight million 
tons of plastic finds its way into the oceans annually, and while some of the environmental 
damage plastics cause is clear the full impact on marine and terrestrial ecosystems is not 
yet apparent. 

Plastic recycling rates are appalling and considerably lower than other industrial 
materials; recycling of steel, aluminium, copper and paper; e.g., is estimated to be 50 
percent, and plastic doesn’t disappear. It just gets smaller and smaller, reducing over 
hundreds or even thousands of years into tiny micro-plastics and nano plastics. 

A Wakeup Call 

Levels of plastic waste vary from country to country; based on the 2018 report ‘Plastic 
Pollution’, daily per capita plastic waste in the United States, Germany, Netherlands, 
Ireland, Kuwait and Guyana is over “ten times higher than across countries such as India, 
Tanzania, Mozambique and Bangladesh. “Unsurprisingly, given its huge population (1.3 
billion) and large manufacturing sector, China produces the greatest amount of plastic 
waste in the world, 59.8 million tons per year. However, at just .12 kilograms (4 ounces) 
per capita per day, this equates to one of the lowest levels of per person plastic waste in 
the world. The USA (population 327 million – 25% of China) is responsible for 37.83 
million tons per year, or .34 kilograms (12 ounces) per person per day, three times that of 
China. America also produces “more than 275,000 tons of plastic litter at risk of entering 
rivers and oceans annually.” Germany produces 14.48 million tons per year, which at .46 
kilograms(just over a pound) per person per day is one of the highest levels in the world, 
but unlike the US, Germany has one of the highest recycling rates in the world – recycling 
an estimated 48% (US 9%) of its plastic waste. 

Since the 1980s recycling has been regarded as the environmentally responsible way to 
deal with the colossal levels of rubbish humanity produces. Throughout developed 
countries collecting recyclable household waste has become widespread, but for decades 
the laborious job of actually recycling it has been exported, mainly to China. But on31st 
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December 2018, China announced it would no longer be the world’s garbage tip, stating, 
the Financial Times reports, “that large amounts of the waste were ‘dirty’ or ‘hazardous’ 
and thus a threat to the environment.” The “National Sword” policy introduced by the 
Chinese government has resulted in China and Hong Kong reducing plastic waste imports 
from G7 countries, from 60% in the first half of 2017, to less than 10% for the same 
period in 2018. Overall recovered plastic imports to China have fallen by 99%.China now 
only wants waste that does not cause pollution and meets certain cleanliness criteria. It’s a 
massive change to the recycling model that was long overdue and has caused chaos on 
many countries in the west, with large amounts of waste that should have been recycled 
being burnt or stockpiled. Desperate to find an alternative distant dumping ground to 
China, huge amounts of plastic waste have been shipped to south-east Asia. Thailand, 
Vietnam, Indonesia, the Philippines and Malaysia, where the largest quantity has gone; 
according to Greenpeace, imports of plastic waste to Malaysia increased from 168,500 
tons in 2016 to 456,000 tons in the first six months of2018, most of the rubbish coming 
from UK, Germany, Spain, France, Australia and US. 

The influx of such large quantities of toxic waste into these countries has led to 
contaminated water, crop death and respiratory illnesses. In May the Philippines forced 
Canada to take back “69 containers containing 1,500 tons of waste that had been exported 
in 2013 and 2014,” The Guardian reported. Other countries have responded in a similar 
way, with outrage: Thailand, Malaysia and Vietnam have all introduced legislation to stop 
contaminated waste arriving in their ports. The Malaysian environment minister, Yeo Bee 
Yin, said, “Malaysia will not be the dumping ground of the world. We will send back [the 
waste] to the original countries.” Containers of illegal rubbish from Spain have been 
returned and a further 3,000 tons of illegally imported plastic waste from US, UK, 
Australia, France and Canada has also been shipped back. The steps China has taken and 
the understandable anger of south-east Asian countries should serve as a wake-up call to 
western states, whose complacency and arrogance is fuelling the environmental crisis. It is 
time that developed countries stopped exploiting poorer countries and accepted 
responsibility for their own plastic (and other) waste. In addition to recycling their own 
rubbish, developed nations, who are largely responsible for the environmental crisis, need 
to be cooperating with poorer countries, where most mismanagement of waste occurs, 
helping them to design efficient waste management systems and financially supporting 
such schemes. If plastic pollution is to be reduced and effective recycling systems 
established, cooperation is essential. Recycling needs to be recognized as an 
environmental necessity, a social imperative and funded by government accordingly. 

As a business it is conditioned by business methods and motives; corruption and illegal 
practices abound, profit becomes the primary considerations and costs as obstacles to 
environmental sanity; it is a great deal cheaper; e.g., to incinerate plastic waste, or dump 
it in a forest or the oceans, than it is to recycle it, which is labor intensive. 

How to shop: Zero waste 

The power to bring about fundamental changes through responsible policymaking, 
investment in green technologies and education rests with governments; they have a duty 
to act urgently and radically. Certain fundamental steps need to be taken: drastically 
reduce plastic use; eliminate single-use plastics altogether; recycle more – 9% is shameful. 
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Invest in high-tech recycling facilities/waste management systems; ensure plastic products 
can be recycled; introduce national recycling standards (in the UK; e.g., what local 
authorities will/will not accept varies) as well as worldwide agreements, with countries 
that lead the way on recycling, like Germany and Sweden being widely consulted. In a 
positive move last year at the G7 summit, five countries – UK, Canada, France, Germany, 
Italy and the EU –signed the Ocean Plastics Charter. They pledged “to increase plastic 
recycling by 50% and work towards 100% reusable, recyclable or recoverable plastics by 
2030.” The USA and Japan did not sign. Plastic is the third largest manufacturing industry 
in America, producing 19.5% of the world’s plastic. President Trump didn’t even attend 
the G7 climate change and environment talks. Individuals also have a crucial part to play 
in dealing with plastic waste and making politicians enact the radical changes required. 
We can all reduce the amount of waste we produce; aim at Zero waste, embrace simpler, 
environmentally responsible lifestyles, shop in Zero waste shops, where customers take 
their own containers and refill them from large dispensers. Western supermarket chains 
are responsible for colossal amounts of plastic waste and need to radically change the way 
their products are designed, packaged and sold. In the UK, Waitrose, which has 5% 
market share, has introduced a pilot scheme in an Oxford branch where food dispensers 
are being trialled, encouraging customers to use refillable tubs and jars, their own or those 
freely provided by the shop. 

It is a common-sense move that all supermarket chains in western countries need to 
adopt, it is the environmentally right way to shop and, logically, products not sold in 
plastic should be less expensive. Zero waste shopping should be the aim, plenty of 
customers want it, and the environment is demanding it. Plastic pollution is one aspect of 
the global environmental crisis, a crisis rooted in consumerism and a socio-economic 
system championed by developed nations, which promotes greed, selfishness and division. 
Radical systemic changes are required together with changes in lifestyle and values if the 
environmental vandalism is to come to an end and the planet is to be healed. 

Reference: - Graham Peebles is an independent writer and charity worker. He set up The 
Create Trust in 2005 and has run education projects in India, Sri Lanka, Palestine and 
Ethiopia where he lived for two years working with street children, under 18 commercial 
sex workers, and conducting teacher training programmes. He lives and works in London.  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20. Steel Fibre Reinforced Rubcrete 
SANDEEP M.S, ASSISTANT PROFESSOR, DEPARTMENT OF CE 

Like any other living organism human beings also has to depend upon 
mother earth for their survival. With the rapid urbanisation and 
advancement in technology the grasping nature of human beings in 
exploitation of natural resources also increased.  This uncontrolled 
exploitation of nature resulted in adversely upsetting the natural 
stability of earth. Human activities like water reservoir impoundment, 
mining, etc. are reported to be the major cause for human induced 
earth quakes whose magnitude have gone even up to 7.9. As per the 
reports of National Disaster Management Authority of India, about 

60% of India’s land is under the threat of moderate to severe earthquake. In last few 
decades itself it was witnessed that many regions around the globe was categorized into a 
more critical seismic region as a result of natural as well as human induced activity. One 
of the important parameter that controls the seismic resistance of any structural 
component is the ductility of its material. Unfortunately concrete, the most commonly 
used construction material is considered, its ductility is very low. Many researches were 
carried out around the globe for improving the ductility of concrete as well to develop 
new replacement construction materials which have better ductility. During these 
researches it was observed that the addition of high yielding materials like rubber particles 
in concrete helped in improving its ductility.  

The concrete which is produced by using waste type rubber particles as a partial 
replacement for fine/coarse aggregates in concrete was coined the name Rubcrete. The 
results of research done on Rubcrete shows that by adding crumb rubber particles as a 
partial replacement for fine aggregates helps in improving the energy absorption capacity, 
ductility, freezing thawing resistance, etc. It also resulted in reducing the overall density of 
concrete which again helps in improving the seismic resistance. Even though Rubcrete is 
found to be a promising material that can be employed in earthquake prone areas due to 
its enhanced ductility, the reduction of strength arising from the addition of rubber 
particles restricted the same. The major reason for this reduction of strength for Rubcrete 
is found to the weak interfacial zone between rubber particles and surrounding matrix. 
Cracks can easily originate from these zones which will grow and widen upon further 
loading. Researchers suggested the addition of steel fiber as a solution to control the 
reduction of strength of Rubcrete. Such a cementitious composite material formed  by 
adding steel fibre in Rubcrete made using properly graded and pre-treated crumb rubber 
particles is called as steel fibre reinforced Rubcrete (SFRR). It is observed that pre-
treatment of rubber particles using chemicals like NaOH, PVA, etc. will help in improving 
the bond between rubber particles and the surrounding matrix. Even after this if cracks 
are developed in the interfacial zones the fibres present in these areas will bridge the 
crack and prevent their further growth. Upon further loading new cracks will be formed in 
other weaker areas and the bridging action of the fibres will be repeated. This process will 
continue until the fibres fail to take up these loads or till the fibres are pulled out. This 
will demand more energy to cause actual failure and enable the structural components 
cast using SFRR to carry addition load in comparison to Rubcrete. The results of research 
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done on SFRR shows that most of the mechanical properties including compressive 
strength, tensile strength, ductility, energy absorption capacity, etc. of conventional 
concrete as well as Rubcrete can be enhanced by adding steel fibre and ensuring proper 
grading and pre-treatment of crumb rubber added in concrete. Thus SFRR can be 
considered as an innovative material that possesses the capacity to present an enhanced 
performance in earthquake prone areas. 
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21. Nature Inspired Algorithms 
DR. ANAND HAREENDRAN S., ASSOCIATE PROFESSOR, DEPARTMENT OF CSE 

Algorithm is one among the popular method of representing solutions 
for a problem. The solution thus formulated can be prototyped, 
simulated and proved using pure mathematics. The real question is, 
from where did he/she got the spark for the solution? 

Nature inspired algorithms is a special class, where the algorithms are 
basically developed/inspired from the concepts or phenomenons that 
we see regularly around us. It can be the path ants follow, the way 

birds fly, tigers hunt etc. This article tries to throw light into some of the unexplored areas 
of nature inspired computing. Let's rewind to our basic knowledge on biology. Consider a 
plant kept in a box with a small hole in the side of the box which is exposed to the sun, 
how does the plant grow? Answer is very simple, it grows towards the hole where the 
sunlight is coming through. 

Figure 1: Plant grows towards Sunlight 

Figure 2: (a): Solution space S with initial seed. (b): Solution space S with first branch.    

(c): Solution space S with tree in the next iteration. 
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We are not going to the biological aspect of the plant growth. But as a computational 
engineer, we could really see this as an optimization problem.  Plant make use of the 
sunlight and grow towards it, similarly we could map this as a maximisation problem. 
Solution should try to maximise its objective function using the constrains provided. It can 
be represented as in Figure 2. 

The dot point indicates the “seed” we plant on the solution space.  This solution is 
substituted in the objective function f(x,y).  The first “branch” grows at random direction 
with a length as shown in Figure 2 (b). Both stems A and B have an objective function 
f(x,y), symbolically denoted as f(A) and f(B). Our aim is to maximize f(x,y), so as to find 
if f(A) or f(B) is maximum. Grow “m” branches near/on B at random direction of random 
length as shown in Figure 2 (b) (we have put m=2).  At each iteration, we generate 
(grow) 2 branches by selecting m as two. The place where these branches to grow is 
decided by maximum value of the current solutions. That is, out of all branches, we select 
branches for new offshoots depending on branches near to the current maximum. We 
assume that place where current maximum is the place of “sun”, so more new branches 
were generated. Figure 2(c) shows incremental growth of the solution in successive 
iteration.  

This process will continue till the maximum value is obtained.  The “tree” grows in the 
solution space with a two-dimensional solution space. Each node tip gives a solution. Thus 
a very simple phenomenon has been turned to a solution to an optimization problem by 
named phototropic algorithm. Major applications were this can be used is in major routing 
problems where we are having multiple constrains for maximising the objective function 

Observe the nature very closely - it has solutions to all our problems. We just need to be 
the best architect to detect, sense and implement. So now, how about moving from plants 
to buffalos? Buffalos and computation - weird combination? Curious minds can check out 
African Buffalo Optimization. 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22. Overview of Vehicular 
Communication and the Evolution of 

Internet of Vehicles (IoV) 
NAYANA P. K., ASSISTANT PROFESSOR, DEPARTMENT OF ECE 

Vehicular communications is one of the recent branches of 
Communications which is growing at a very fast pace. With millions of 
vehicles on the road and increasing mortality rate due to road 
accidents, Vehicular Adhoc Networks (VANETs) have been a key area of 
research currently since it provides better safety of vehicles as well as 
pedestrians. It is typically developed as part of an advanced application 
known as the Intelligent Transportation System (ITS). The 
advancements in wireless communication has made it even possible to 
share information in real time between vehicles, users and roadside 
units.  

VANETs help in connecting and exchanging information from vehicle to vehicle (known as 
V2V) and from vehicle to roadside infrastructure (known as V2I) and this is typically done 
by making use of a broadcast method. The most challenging part of vehicular 
communication is that high mobility vehicles have to share safety information to other 
intended recipient vehicles or users and that too in real time [2].  

The major applications or benefits of vehicular communication systems include safety 
critical information exchange, Infotainment, ITS services etc. [3]. But as the system 
becomes more complex, many challenges will also have to be faced. Another major 
challenge faced by VANETs is that utmost care and consideration should be given to 
efficiency and privacy to ensure or guarantee a secure communication among the different 
vehicles and users. It would be easier for a third party to perform some malicious 
operations on the messages that are transmitted and hence try to control the 
communication channels. They might be able to send wrong messages leading to serious 
road accidents. It is therefore essential that the received messages need to be 
authenticated before the recipients would make any judgements [4]. Another crucial 
aspect of VANETs is that the privacy of a user should be given equal importance. The real 
identity of a user should be kept anonymous in order to avoid anyone getting information 
about their travel routes and hence tracking them.  

To overcome all these challenges, there have been many methods that have been so far 
developed [1] and they can be broadly classified into two major groups, namely 
pseudonymous based and group signature based schemes. The first scheme incorporates 
methods which make use of a pseudo identity for each user in order to hide their real 
identities. But this has a major setback that a huge amount of storage capacity to store the 
pseudo identity mappings and authenticating certificates for each and every user [5]. The 
group based scheme requires a single vehicle to sign for the messages sent by a particular 
group of vehicles. But this scheme fails in the matter of requirement of huge 
computational cost [6].  
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Another crucial issue in VANETs is the huge amount of data to be handled. Since all the 
modern vehicles are equipped with a number of sensors on-board, enormous amount of 
data is generated from within each vehicle which constitutes the on-road monitoring data 
as well as the in-board status. The amount of data in VANETs every year is growing almost 
exponentially. The vehicles are not only consuming data, but are also generating huge 
amount of data and that too of enormous data types and this referred to as the Big Data. 
In other words, the new characteristics of traffic related data in vehicular communication 
is termed as Big Data, which points to the fact that both data types and data amount are 
greatly expanded and pose many challenges to the existing or traditional VANETs.  

In order to face the new challenges posed by the Big Data, the conventional VANETs are 
evolving into what is known as the Internet of Vehicles or IoV. This is achieved by 
significantly expanding the network scale and conducting both real-time and long-term 
information processing [3]. IoV promises an intelligent and efficient prospect for the 
future of transportation system. However, even IoV faces many challenges as compared 
with the normal mobile adhoc networks. A main issue is that the allotted spectrum is 
insufficient to support the IoV transmission under high- density conditions. Second issue is 
the high mobility of vehicles. Vehicles may join or leave the network at any moment and 
this might cause frequent interruptions to the signal transmissions. A third issue is the 
high dynamic density of vehicles. The system will have to deal with very high vehicle 
density when it comes to the case of a traffic jam in urban areas or very low density in 
suburban areas. Also, it is practically impossible to have a global or central coordinator for 
handling the IoV data transmission since the connectivity among different vehicles and 
users is made possible through heterogeneous radio access technologies.  

One of the most distinguished application of IoV is in autonomous vehicles [3]. The key 
part in assisting self-driving vehicles is environment perception. This would include 
abstracting only the required useful information from the large amount of data gathered 
from the surroundings. Fully automated vehicles need very accurate positioning and a 
virtual image of the vicinity of the vehicle. But an important setback in automation of 
vehicles is that the algorithms used for self-driving requires large storage as well as high 
computational capability to take care of the Big Data. However, researches are being 
conducted in this area to device more efficient ways to overcome the issues and to make 
better utilization of IoV in achieving a better and safer transportation.  
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23. “Whirl Power”-A Renewable 
Source of Energy 

SUNITH JOHN DAVID, ASSISTANT PROFESSOR, DEPARTMENT OF CE 

According to the recent statistics, 1.4 billion individuals across the 
world are without electricity, most living in rural and distant areas 
inaccessible to the national or regional electricity grid. The most 
common energy solution available is the use of gas generators which 
are polluting and can be expensive to maintain in the long term. As 
an alternative, the use of green technologies is rapidly growing. 
Renewable energy solutions are gaining popularity especially in the 
residential market. Billions of dollars are invested every year on solar 
and wind systems. However these renewable energy products do not 

represent optimal solutions for meeting individual needs due to intermittent production of 
energy resulting in weather variations. In consequence, these systems are only used to 
12% to 35% of their capacity implicating an over sizing of installations and storage 
systems to accumulate the energy when produced. 

In this scenario, one of the most dependable, uninterrupted but unexploited source of 
power generation is from running rivers.  Among all renewable energy sources, the river 
can provide a predictable and reliable source of energy, 24 hours a day. 

Transformation of Conventional to Innovative 

 The very first stage of this technology is in converting a conventional turbine 
system to modified one. Specifications and technical aspects of Kaplan turbine suites 
better to adapt for this technology. Thus the turbine got transformed to a ‘River Turbine’. 
River Turbine can be dismantled in separate pieces in order to facilitate shipping to the 
most remote locations and is ready to assemble on site which is finally immersed at a 
shallow depth. The turbine is attached to a stable pillar from the front with a steel cable 
and is deposited on the river bed, self-positioning in the fluid like a kite. Electrical DC 
connections are simplified by the presence of a designed embedded electrical converter. 
All that’s left to do is connect the output cable to your batteries, without any additional 
electric equipment. 

  

Fig: A Pictorial view of River turbine (Not in Scale) 
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How it works? 

The river turbine has an embedded smart converter that allows the conversion of the 
energy harnessed from the water current into electricity to recharge batteries and power 
home appliances. In addition, it allows the user to have better control by automatically 
regulating the rotational speed of the turbine thus extracting maximum power from the 
current; it has a built-in motor mode to enable automatic start-up and emergency 
disconnect of the turbine on demand. In case water speed is very low, the smart turbine 
can use the generator in motor mode to initiate sufficient movement in order to produce 
electricity. It accommodates a water depth of only two feet and with a minimum of 1.2 m/
s water velocity The output power is set to DC current, from 24V to 48V in order to allow 
the transport of electricity over long distances. The whole system is capable of producing 
an electricity 2.4 kWh/day which is the energy production equivalent of 16 x 250W solar 
panels. 

  

Fig: Utilization of Electrical Energy Produced  

Upgraded Technology for a Sustainable Society 

  Mostly made of noble metals such as aluminium and other environmentally 
friendly components, the turbine is the greenest amongst all available renewable energy 
products. These materials do not react to the environment and are easily recyclable 
ensuring a substantial end of life value. In addition, the river turbine does not require a 
permanent structure reducing its impact on aquatic fauna and eco system. 
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24. Innovative Classroom 
management. Series.1 

DR. MARY ANTHONY, ASSOCIATE PROFESSOR, DEPARTMENT OF BS&H 

Today, a flourishing green farm is highly representative of an 
intelligent, knowledgeable and enterprising agriculturist. The same 
can be co related to a classroom while  trying to visualize how green 
is a classroom with its students, teachers, content delivery and 
methodology and related technical process.and is very  much 
representative of its teacher and other subject experts. The more 
knowledgeable and informative one is the more greener ones 
territory is. The green stretches of flourishing vegetation by experts is 
now a tangible reality. Similarly the idea of a flourishing and green 
class room is equally exciting,experiential and rewarding. 

In this context, the importance of being informative and knowledgeable is highly 
conducive. Being Informative here signifies the importance of  being well informed,  
updated and consequently staying relevant. Being Knowledgeable leads to be  effective 
and result oriented in ones area of expertise.It involves a good deal of practice. 
Knowledge, according to the Webster Dictionary, is “the fact or condition of knowing 
something with familiarity gained through experience or association.” According to 
Davenport and Prusak, knowledge is a fluid mix of framed experience, values, contextual 
information, and expert insight that provides a framework for invalidating and 
incorporating new experiences and information. It originates and is applied in the minds 
of the knower. In organizations, it often becomes embedded not only in documents or 
repositories but also in organizational  routines, processes, practices and norms. 

Peter Drucker simplifies this further by adding that Knowledge is information distilled and 
interpreted and thus acquires a purpose, ie; when purpose is added to information it 
becomes Knowledge. 

Effective class room management thus is much about Knowledge management. Ultimately 
it’s a scientific approach to teaching and learning that leads to unique and greener 
pastures of fertile  exploratory class room ambience. 

Ref:             
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25. Role of Psychological Counselling 
Services in Professional Education 

DR. SINDHU AJITH, STUDENT COUNSELLOR 

Education is a process of transformation through learning. A shift 
after completing the higher secondary education in the school 
environment to a professional college is highly significant in student’s 
thinking and learning processes. In Indian education scenario, we 
know that school curriculum is mainly a training process to impart 
the syllabus oriented education to students. Many a schools in India is 
following a wrong practice of “only teaching” the prescribed portions 
to students by mainly using the read, write, repeat practices only.  

The above said 3R practices and examinations to assess the children’s learning abilities are 
essential pillars  in student learning, but the tangible professional  education requires 
much more than that. When children are moving to their post-adolescent period, the 
inquisitive index slightly changes to higher order learning methods and experimental 
methods of learning.  In 1956 under the leadership of educational psychologist Dr 
Benjamin Bloom, Bloom's Taxonomy was created  in order to promote higher forms of 
thinking in education, such as analyzing and evaluating concepts, processes, procedures, 
and principles, rather than just remembering facts (rote learning). All these transitions in 
learning especially in the graduation level will be the mile stones for a graduate in quality 
education especially in engineering and technical education. 

The teaching population of a professional education community mainly focuses on the 
academic requirements and curriculum along with hand on training. In human beings, 
cognitive processes always relate with many other areas especially the emotional, 
behavioural, social and spiritual facets are very significant. In teachers training   
programmes, it is considering that the learner’s parameters are crucial for a fine and 
healthy learning environment and is giving due importance especially to the learner’s 
psychological and emotional status. 

 In India, we know that for Engineering and Technology subjects, there are not many 
précised teacher education programs to empower the teaching community to understand 
the science of behavior/psychology of the learners. Many a teachers are focusing the 
cognitive component and unaware about the psychological fact that cognitive domain is 
closely linked with   other domains of learning like affective domain (emotions and 
feeling) and conative domain (mental processes that activate behavior and action) of the 
learners who are attending their courses. 

Affective domain refers to the emotional interpretation of perceptions, information, or 
knowledge. It is generally associated with one’s attachment (positive or negative) to 
people, objects, ideas, etc. and is associated with the question “How do I feel about this 
knowledge or information?” Conation refers to the connection of knowledge and affect to 
behavior and is associated with the issue of “why.” It is the personal, intentional, 
deliberate, goal-oriented, or striving component of motivation (Baumeister, Bratslavsky, 

©R&C CELL, MITS !76



VOL 1 - JULY 2019 GYANVESHAN

Muraven & Tice, 1998; Emmons, 1986). Atman (1987) defined conation as “vectored 
energy: i.e., personal energy that has both direction and magnitude”. It is closely 
associated with the concepts of intrinsic motivation, self-direction, and self-regulation 
(Kane, 1985; Mischel, 1996). Some of the conative issues a student  faces daily are:  

• What is my life’s purpose and are my actions congruent with that purpose?  
• What are my aspirations, intentions, and goals?  
• On what ideas, objects, events, etc. should I focus my attention?  
• What am I going to do, what actions am I going to take, what investments am I going to 

make? 
•  How well am I accomplishing what I set out to do?  
 (Amsel, 1992; Ford, 1987). 

Most of our Engineering students doing their graduation fall between the age group 17/18 
to   21/22 and the confusions in their conative domain is to be handled effectively in 
order to help them in their development and growth. 

The internal and external challenges of our younger generation are to be resolved in order 
to empower them properly. For this a close assessment and a warm interaction with the 
individual students is mandatory. The major objective of the counseling services in 
professional education is to facilitate Academic, Emotional, Social and cognitive 
development of the students hence to empower them in their learning and personal 
development.  

Some common issues of our present generation student community in which professional 
help is mandatory: 

• Academic pressures ( Lack of concentration and motivation for studies, 
underachievement, backlogs, exam stress, unhealthy competition) 

• Loneliness and homesickness 

• Adjustment difficulties 

• Peer pressure 

• Relationship issues 

• Moderate or acute family problems 

• Procrastination 

• Cyber bullying 

• Behavioural problems (anger outbursts, disobedience, lying etc) 

• Low confidence and self esteem 

• Suicidal thoughts 

• Depression ,anxiety and other mental health problems 

• Substance abuse 
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A trained counselor can be provided the following interventions in order to handhold  the 
students to empower them :  

• One- to- one counselling sessions 

• Group counselling sessions 

• Class room lecture hours 

• Psychometric  and personality assessments 

• Psychological support for students with difficulty in academic  performance  

• Motivation sessions for  bright performers 

• Psychological interventions for students with personal, emotional and family issues. 

• Counselling for parents 

• Psychological sessions for the faculty members. 

Student mentoring and services are now-a-days an inevitable requirement in the field of 
professional colleges especially in engineering and technology sectors. Along with trained 
professional counsellors, the involvement of management, teaching and non-teaching 
community should contribute effectively for the overall development of our younger 
generation. 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26. Efficient Sigma Delta ADC 
Architectures for Next Generation 

Wireless Transceivers  
RIJO SEBASTIAN, ASSISTANT PROFESSOR, DEPARTMENT OF ECE 

Abstract—The various advanced and more sophisticated sigma delta 
analog to digital converter architectures that can be used for data 
conversion in next generation wireless systems are presented. These 
wideband sigma delta analog to digital converter architectures are able 
to provide high dynamic range needed in future wireless standards. The 
low power operation and reduced sensitivity to circuit non-idealities 
makes this converter a suitable candidate for future wireless standards.  

Index Terms—Sigma delta, ADC, oversampling 

I. INTRODUCTION  

The increasing demand for high speed and high data rate mobile devices accelerated the 
deployment of fifth generation (5G) mobile communication systems. In order to manage 
huge data users, the 5G wireless systems make use of millimeter- wave (mmWave) 
frequency bands [1] to attain large band- width. The advanced massive multiple-input 
multiple-output (MIMO) systems developed for next generation wireless sys- tems are 
capable of providing high speed data rates. The rapid progress in VLSI technology along 
with the architectural advances hastened the development of portable and low power 
wireless broadband communication devices which can manage higher data rates. In 
modern wireless communication system design, the current trend is to move the analog-
to-digital inter- face as close to the receiving antenna. The position of Analog to Digital 
Converter (ADC) in a radio receiver system plays a vital role in the overall performance, 
power consumption, cost and complexity.  

The overall power consumption of the transceiver is a key design parameter and the main 
challenge is the design and implementation of a high resolution, low power, wideband 
ADC operating with several GS/s required for the digitization in 5G wireless systems. The 
performance of ADC limit the performance of digital signal processing in a radio receiver 
system. Since the performance of different types of ADC architecture vary greatly, the 
designer has to carefully choose the right ADC for a particular application. ADCs are 
generally divided into two categories: Nyquist rate converters, which include Flash ADC, 
Pipeline ADC, Successive Approximation Register (SAR) ADC, and the other type is 
oversampling ADC, mainly the Sigma Delta (Σ∆) ADC.  

II. SIGMA DELTA ADC ARCHITECTURES  

The Σ∆ ADC consists of a Σ∆ modulator part and a digital decimation filter [2]. Σ∆ ADC is 
a mixed signal integrated circuit in which the modulator part is implemented in analog 
domain followed by the digital implementation of decimation filter. The digital lowpass 
filter is used to remove the quantization noise beyond the band of interest and the 
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oversampled output data rate is made low through decimation process. The Σ∆ modulator 
is implemented with simple electronic components like integrator, comparator, switch, 
voltage reference and analog summing circuit. The basic principle of operation for a Σ∆ 
modulator is to enclose a simple quantizer in a feedback loop to shape the quantization 
noise such that most of the noise is shifted out of the band of interest, where it can later 
be suppressed by filtering. Σ∆ ADC functions with two signal processing techniques 
namely, oversampling and noise shaping [3].  

Σ∆ modulator usually works with a high sampling frequency, samples at a rate very much 
higher than nyquist rate. It should also be noted that oversampling reduces inband 
quantization noise and relaxes the requirements on the analog anti-aliasing filter. The high 
performance and large data rate requirement of future communication systems can be 
satisfied only by increasing the input signal bandwidth. Σ∆ ADCs were considered as the 
converter of choice for low to medium bandwidth applications, but the architectural 
advancements and technology scaling contributed this converter to emerge as a new 
category of converter named wideband Σ∆ ADC. Depending on the circuit nature of 
analog loop filter, Σ∆ ADCs are classified into Discrete Time (DT) and Continuous Time 
(CT) Σ∆ ADC.  

A. Discrete time Σ∆ ADC  

A DT Σ∆ ADC uses DT integrators and are usually implemented with Switched Capacitor 
(SC) circuits. The sampling operation in DT Σ∆ ADC occurs at the input of ADC. The 
majority of Σ∆ ADCs are implemented with DT circuits because they offer high precision 
and accuracy. The loop filter coefficients can be varied easily by adjusting the capacitor 
ratios in DT implementation. The use of source-follower- based integrators in the DT 
implementation of a sturdy multi- stage noise shaping (SMASH) Σ∆M increases the speed 
of operation [5]. An improvement in Signal to Noise plus Distortion Ratio (SNDR) can be 
obtained by a normalized analog highpass filter, designed in such a way that the 
coefficients of the characteristic polynomial of the squared-magnitude  

function of the filter are optimized to minimize the inband energy [6]. One method to 
reduce power consumption and to achieve power effectiveness is to realize the SC 
integrator function with low gain amplifier and passive SC circuits [7]. The concept of 
multi-rate op-amp sharing scheme [8] in the DT MASH modulator implementation 
enhances the resolution and helps in optimizing the power efficiency in active blocks. 
Multi-path architectures with cross coupling [9] in DT implementation offers several 
advantages like low power consumption, high sampling rate and high SNR value.  

B. Continuous time Σ∆ ADC  

CT Σ∆ ADC employs continuous time circuits, often Resistor Capacitor (RC) or 
Transconductance-Capacitor (Gm- C) integrators. The sampling operation in CT operation 
takes place at the output of the loop filter, before the quantizer. CT Σ∆ ADC have implicit 
anti-aliasing property [4] and they operate at high frequency with relatively low power. 
Even though CT implementation offer these features, they are very sensitive towards 
circuit non-idealities like circuit mismatch, Excess Loop Delay (ELD) and clock jitter. The 
CT implementation is extended to both lowpass and bandpass Σ∆ ADCs. The low power 
operation, higher operating frequency along with anti-aliasing feature makes this CT Σ∆ 
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ADCs appropriate for communication devices [10]. CT Σ∆ ADCs suffer from Excess Loop 
Delay (ELD) and many methods were suggested in the literature how to compensate for 
this ELD effects [11]. CT Σ∆ ADC offer data conversion for higher bandwidths with lower 
power consumption [12].  

C. Hybrid Σ∆ ADC  

The hybrid Σ∆ ADC is a combination of both DT Σ∆ and CT Σ∆ ADC, in which some parts 
of ADC are implemented using DT circuits and remaining parts with CT circuits. In hybrid 
Σ∆ ADC, the front-end stage is usually implemented with CT circuits, and the remaining 
back-end stages are realized using switched-capacitor circuits. This offers advantages such 
as low power consumption, reduced sensitivity to circuit non-ideal effects, fast operation 
and embedded anti-aliasing filter. The hybrid CT Sigma Delta modulator is robust to the 
excess loop delay, clock jitter, and RC product variations [13].  

III. Σ∆ ADCS FOR 4G LONG TERM EVOLUTION TECHNOLOGY  

Various fourth generation (4G) wireless communication standards such as Long Term 
Evolution (LTE), LTE-Advanced (LTE-A), LTE Advanced Pro (LTE-A Pro) are capable of 
providing data rates up to several hundred Mbps or even 1Gbps [14]. LTE technology 
manages higher data rates and provides simultaneous services to large number of users. 
The LTE release-8 supports six different bandwidths ranging from 1.4 MHz to 20 MHz. 
Among these, 5 MHz and 10 MHz are the most commonly used bandwidths. The LTE-
Advanced can handle higher capacity through techniques like Carrier  

Aggregation (CA), enhanced use of multi-antenna techniques and support for Relay Nodes 
(RN). The LTE-A can operate with a maximum bandwidth of 100 MHz through carrier 
aggregation [14]. Many Σ∆ ADC architectures are reported in the literature that can 
perform efficiently in higher bandwidths [15], [16].  

IV. CONCLUSION  

This paper describes the different Σ∆ architectures that is intended for data conversion 
operation in next generation cellular networks. Σ∆ ADCs provide high resolution with low 
cost and lower power consumption.  
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27. Planar Microcoil Sensors for 
Detection of Biomolecules 

KRISHNAPRIYA S, ASSISTANT PROFESSOR, DEPARTMENT OF ECE 
Abstract 

Magnetic microbeads have acquired broad scope for immunoassay 
applications to detect pathogens causing dreadful diseases. Magnetic 
devices are useful for Lab-on-Chip devices which contain microsensors 
for sensing the microbeads to detect specific biomolecules. Planar 
microcoil based magnetic sensors are more compatible with the 
integrated circuits and the microelectronic fabrication processes over 
the commercial sensors. Improved limit of detection with lesser power 
consumption are observed to be the major advantages of the proposed 

non-spiral planar microcoil based sensors compared to the reported works.  

Keywords —Immunoassay, Microparticles, Planar coil sensors 

The significance of miniaturized portable biomedical equipment for point-of-care (POC) 
testing has improved over the past years for the detection of biomolecules and pathogens 
causing specific diseases. Advancements in Micro-electro-mechanical systems (MEMS) and 
microelectronics technologies have led to the miniaturization and integration of complex 
biomedical devices to the chip level. Biosensors based on magnetic means such as planar 
microcoils can be easily integrated with a microfluidic chip, which helps to achieve 
miniature size, portability and improved sensitivity for the microsensor [1-3].   

The pathogen or any other biomolecules to be detected is also called as “targets” for the 
biosensing. A labeled antibody is normally made to interact with the antigen involved with 
the pathogen or the toxin to be detected in immunoassays. Florescent labels were the 
traditional choice such the ones used in Enzyme-Linked Immunosorbent Assay (ELISA). 
However, optical labels have the disadvantages of photo-bleaching, background noise 
issues, limited sensitivity and requirement of bulky sensing devices [4-5]. Magnetic 
sensors avoid such constraints through the use of magnetic microbeads as label particles. 
Detection and magnetic manipulation of such microbeads are easier, as the test sample 
does not have any magnetic background and the beads do not affect the biological 
interactions in the sample. The prime requirement of magnetic microbeads is that they 
should be non-remnant or paramagnetic [3, 5].  

Magnetic biosensor provides a controlled magnetic field for modulating the microbeads to 
enable transport of biomolecules to a specific location on the sensing chip and efficient 
detection of the same. Iron-based particles are considered ideally suitable for use in 
biosensors because of their very high biocompatibility. Moreover, Iron oxide is the most 
common material for commercial magnetic microbeads because of its stability [6]. Iron 
oxide is a ferromagnetic material, and the microbeads of Iron oxide are magnetic only in 
the presence of a magnetic field. When the magnetic field is switched off, the beads will 
not agglomerate as the beads are demagnetized. 
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Different types of magnetic sensors can be used to detect the magnetic microbeads, which 
in turn enable the detection and quantification of the required biomolecules. Giant 
magnetoresistance (GMR) sensor and Hall effect sensors are examples for magnetic 
biosensors [6-9]. In [7], J.C Rife et al. reported on an array of GMR sensors for the 
detection of paramagnetic beads with a detection threshold of approximately ten beads by 
using 200 μm-diameter sensors. Another example for commercial sensor is a hall sensor 
based on the principle of hall effect. Hall sensor is fabricated through the standard 
complementary metal oxide semiconductor (CMOS) manufacturing with multiple 
laboratory functions integrated into the sensor chip [8]. N. Sun et al. have developed a 
CMOS RF transceiver for the detection of cancer marker proteins via nuclear magnetic 
resonance (NMR) [9]. 

Planar microcoil based magnetic sensors are advantageous among the various types of 
magnetic microsensors, as the planar microcoil fabrication process is compatible with the 
microelectronic technology. Moreover, the coil can be used as a source as well as a 
detector of the magnetic field. Thus, the use of bulky permanent magnets can be avoided. 
The works so far reported on planar microcoil sensors are based on spiral planar 
microcoils [3, 10]. 

Non-spiral planar coils are efficient candidates for microsystems which can replace 
conventional spiral planar microcoils in biomedical applications. Non-spiral planar coils 
can reduce the Joule heating losses which usually is a limitation seen with the use of 
conventional spiral coils. Moreover, fabrication of non-spiral coils involves a single metal 
level process. The main difference between a non-spiral microcoil and a spiral microcoil is, 
a non-spiral planar microcoil does not require interconnection between inner turn and 
output pads through an additional via a connection, whereas a spiral coil needs 
interconnection vias to connect to the output pads. 

A standard Silicon wafer of 4-inch diameter and 400 µm thickness is chosen as the 
substrate for the sensor fabrication. Thermal oxide layer of 1 µm thickness is grown on the 
wafer surface, on which coil metal is deposited. Aluminum is selected as the coil material 
for all of the sensor configurations as it offers good conductivity, good adhesion to the 
Silicon dioxide layer. Further, deposition of aluminum is easier, and etching methods are 
simple. Aluminum deposition is performed above the oxide layer employing electron beam 
evaporation. The metal layer thickness is 1.5 µm.  

The metal surface is spin-coated next with a positive photoresist and mask layout is 
transferred. After the resist is developed, wet etching is performed to remove the 
unwanted metal regions and obtain the sensor pattern. The resist is stripped off in the 
final step. The thickness of the combined oxide layer and the metal layer is verified using 
Dektak® stylus profiler. 

The whole microfabrication of the magnetic sensor using non-spiral planar microcoils 
requires a single mask and a single metal layer only. For sensor characterization of the 
three sensor configurations, Iron oxide (Fe2O3) microbeads with a diameter of 1 µm 
(Sigma Aldrich) are used. The microbeads are polystyrene coated. Semiconductor device 
analyzer (SDA) from Keysight technologies is used for providing input current to the 
transmitting coils and measuring the output current at the RX coil of the wafer level 
sensors under consideration.  
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Better limit of detection and reduced power consumption are found to be offered by the 
non-spiral planar microcoil sensors over the conventional types with the sensitivity being 
almost same as that of spiral planar microcoil based sensors. Moreover, number of metal 
levels needed for the non-spiral planar microcoil based sensors is only one. Therefore, 
non-spiral planar microcoil is a potential candidate for magnetic biosensors. 
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