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Abstract: One eighth of the world population is still ligirwithout access to electricity. Energy supply ohaajorly based
on electricity is in focus. The shift from centedd to more distributed styles is evident in Sneaitds, Industry 4.0,
Industrial internet and 10T, Society 5.0. With igtated communications being major party to smadsgthe information
and communication technology integration in enesggtor is a necessity. While in the US most ofdiseussion revolves
around Smart Grid, the EU FINSENY project focusashailding the Internet of Energy. More than eveese systems
seem to show convergence with ongoing technologieatlopments. Technologies include power eleatgan one hand
and Information and Communication Technologies tmn ather. What really matters is the resulting @ustr value. In
Energy systems the value is in integrating Distedu Energy Resources (DER), Energy Storage planming
implementation, interfacing with transmission systeand building a resilient grid. The purpose @8 faper is to discuss
the challenges, opportunities and standards woathing.

Index Terms Energy System, Electricity, Cloud, Internet of ids, Control Systems, Industrial Internet.
|. INTRODUCTION

Energy plays a major role in global economic laagec Electric Power systems are considered pathisfcritical
infrastructure due to the significant role thesaypih human lives by providing energy to meet honmand industrial
needs. The fact that power systems irevbivman lives and expensive infrastructure sughrbfes, generators and
transformers etc. make their automation missidtical in nature. As per world energy outlook ngashe eighth of the
world population is still living without access tectricity [1]. The key drivers of change include-carbonization,
reliability in the face of growing demand, eledtiftion of transportation, empowered customers,ketadesigns and
regulatory paradigms. The enabling factors incltebdnology advanced, policies and standards [2. dllctricity supply
chain considers, generation, transmission, didibhuand consumption aspects. The shift from cér&@ to more
distributed architecture is evident in the evolntiofhe supply chain consists of primary equipmeke fturbines,
generators, circuit breakers, switches, transfosraaed so on. The secondary equipment includes psystem protection
and control equipment, sensors, communication eftcSupervisory Control and Data Acquisition (S@)[Distributed
Control Systems (DCS) which constitute the autoomagilements.

The protection functions perform voltage and currereasurements and application functions act basedhese
measurements. Power systems require microsecactiaie times and is based on open loop contraddtaie the faulty
section. The control aspects involve a closed lomptrol including feedback. These require actionmilliseconds. In the
age of Industry 4.0, energy efficiency, electricitypply and sustainability are important [3]. Thevisioning of energy
subject to increasing resource usage and scaneityeavironment concerns point to sustainabilityvéeping countries
like India and China show growth figures up to 25%e four key trends include, electrification okegy distribution, an
increase in energy consumption, more dynamic ételoimds and an increase in distributed generation.

The focus of this paper is to present the iniialdscape and evolution to future of electricitydeshenergy systems and
have a look at trends observed as future.

[I. INITIAL LANDSCAPE
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Fig. 1. Electricity Supply Chain.

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 61




As in Fig.1, in a traditional landscape, the elettyr system is composed of a chain of generatimansmission,
distribution and consumption with flow of electticihappening from generation to consumption. Actbgsworld this is
highly regulated sector driven majorly by utilitied/ajor parts of the system are built on AlterngtiCurrent (AC). The
base loads are served by utilities which perforfitieht generation but is less flexible. The trauiinl electricity supply
chain is demand driven. For handling peak loadis $ystem, we normally reserve some generatioadigp The voltage
levels vary across the system.

For example, in Europe, the dominant standard gémewroltage and frequency isll kV and 50 Hz, winileNorth
America, 13.8 kV and 60 Hz is the dominant standgederator voltage and frequency. India uses tlz 5fequency.
Voltage generation is economical at 11 kV and 33 KMostly the voltage generated is 11Kv. It cansbepped up and
stepped down for example 11 kV to 33, 66 or beyacebrding to requirements. The nominal voltage gerd at Indian
power plants range from 11kV to 33kV. When it reexchomes it is 220 volts, alternating at 50 cy(isrtz) per second.
The transformers play an important role steppingangd down voltage across the system. Transmisgitiage in India
(highest) is 750kV AC and these lines are erecte®dwer Grid Corporation for interstate connectitmeughout India.
High Voltage DC (HVDC) is also used for transmissad voltages of 500 kV. The primary systems ark supported by
automation, including substation automation fomsmission and distribution substations includingceical relays,
Remote Terminal Unit (RTU), switches and SCADA limcal operator. Load Dispatch Centres are locatedarious parts
of the country. The sector is highly standardizgdbdies including IEEE, IEC, ANSI and BIS for ladand categorized
as electrotechnical standards. The system is maogde#s old and primary intention is to avoidingchktauts. Still major
blackouts including the one in India in 2012, aedent incident in U.S, indicate deficiencies in #ystem. Taking a cue
from Albert Einstein’'s famous quote— ‘We cannotveobur problems with the same thinking we used wiercreated
them’'.

I1l. EVOLUTION

There are two major initiatives one driven by Sn@rid in the U.S and another by Future Internebwiart Energy by EU.
The Smart grid vision generally describes a powstesn that is more intelligent, decentralized aedilient, more
controllable and better protected than today’s.drlee five key technologies include Sensing and $deament, Integrated
Communication, Advanced Components, Improved later$ and Decision support and Advanced Control T4k
challenges include the need for:

1. Increase the efficiency of power plants.
2. To reduce stress on the grid resulting from higlenand peaking.
3. Facilitate large percentage of renewables witlablstgrid and reliable supply.
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Fig. 2. Distributed/Mesh view of Electricity SugpChain.
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As in Fig. 2, the most important shift is from catto distributed generation. Next is impact ofohmation and
Communication Technologies. These changes rendersyistem in the form of a mesh network, remindirsg of
contemporary communication networks. Implicatiomgtstomer include more flexibility, microgeneratiemart devices
like smart fridge that switch off when idle. Impditons to transmission and distribution includdd gapacity and need for
large investments. With electric vehicles and sti@s the grid — Stability, Reliability, Fault Toterce are more important.
Implications on generation include shift to susthie energy supply (future without coal) but alsasidering reliability of
sun/wind (renewables) a challenge. The traditigmal built on demand-based approach needs to bmentgd with the
right kind of automation systems to be able to tallvantage of these advancements. This also netessihe
convergence of Information Communication TechnaegilCT) and Operational Technologies (Control).il&/kontrol
systems see availability, integrity and confiddittiaas priorities, the information technology s#sts see confidentiality,
availability and integrity respectively as priocesi The new philosophy focuses on a more distribapproach instead of
completely relying on a central grid. On domestiedl this would mean:

1. Distributed Generation
2. Distributed Storage
3. Demand Side Management (DSM)

The invention of rogowski coil (non-conventionaBded current and voltage transformers enable gignifflexibility in
placing and measuring current and voltage. Anotiasideration is the Intelligent Merging Unit (IMWhich take input
from sensors and stream the values enable signifidiyital capacities like functions of relays bemn distributed.
Today’s fault detection, Isolation and Restorat8irategies requires methods like IEC 61850 GOOS# ethernet. Wide
Area Early Warning Systems (WAMS) using Phasor Meament Unit (PMU) is another advancement. Theltiegu
measurement from a PMU is termed synchro phasdypf&al PMU can report measurements with very Higiporal
resolution in the order of 30-60 measurements @eorsd. This helps engineers in analysing dynamgagvin the grid not
possible with traditional SCADA measurements thetiggate one measurement every 2 or 4 seconds.y$St@msneeds
time synchronization as to be able to maintainsthguence of events. New solutions on Demand Sidegtanent (DSM)
stand for the modification of consumer demand foergy through various methods such as financiatrtices and
behavioural change through education. Today, a eumbutilities are implementing Advanced Distrilout Management
Systems (ADMS), that integrates many utility systeamd provides automated outage restoration arnichiaption of
distribution grid performance. ADMS functions indki automated Fault Location, Isolation, and SerRestoration
(FLISR); conservation voltage reduction; peak dednamanagement; and volt/volt-ampere reactive (VEARY
optimization.

A large number of stakeholders are part of theesgshcluding governments, regulators, consumenserggors, traders,
power exchange, transmission and distribution cangsapower equipment manufacturing and ICT prawd€&o consider
customer indices The Customer Average InterrupBlanation Index (CAIDI) and System Average InterfaptDuration
Index (SAIDI) are significant.

FINSENY project envisions, a sustainable energytesyscombining critical infrastructure reliabilitynd security with

adaptive intelligence enabled by future interndt. s&ctors of economy rely on energy sector [5]ohder to maintain
sustainability Europe has committed to 20/20/20 ciwhstands for 20% reduction in greenhouse gas eEmisZ0%

renewables and 20% primary energy use reductioa.mi&jor challenges on the path include integratibDER, smart
buildings and microgrid , engaging and empoweriognmercial customer to take more active role in gypanarkets,
active shaping of the demand curve, support forch&rging infrastructure with mobile loads and eaat#w trading and
information services in marketplace. Distributienat the heart of the customer and to make digioibigrid smarter it
requires:

- Adecentralized control monitoring structure acrgBsand LV Network

- Automation of grid operations

- An autonomous detection of fault condition and gaition of restoration actions

- Dynamic adaptive mechanisms for active and voltagasagement of grid constraints

- Improved forecasting of generation and demand forenefficient operations and decision making.
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Fig. 3. A representation of trends and charadtesis

Fig. 3, presents a high-level view of evolutionnfranformation systems and markets perspective. cFtieal factors in
energy Information, market-and power systems eimiuinclude; Reliability, Safely, Security, Adaptity, Utilization
and Intelligence. Reliability stands for minimumtdrruption to supply at all levels. Safety in thltientext stands for
protection from dangerous occurrences. Securitycamapliance protect from intrusions. The adaptgbéspect considers
the wide energy sources, and a grid which is capabself-healing through decision making as lobaproved utilization
of assets by monitoring and control, gathering rimi@tion of relevant customer assets such as toeatdine features are
relevant as well. The ICT landscape consists efatolution of communication networks includingemtet of Things
(loT), Internet of Services, Cloud Computing, Fogn@uting, coupled with connectivity management,viser
enablement, security and privacy considerationsiithtions of current internet to perform missioitical applications
include the lack of priority guarantees, potensakurity gaps, and ability to satisfy short andedustnistic latency
requirements. The considerations in distributiogtwork include microgrids, smart buildings, electnmobility,
marketplace for energy. The evolution is also duading infrastructure and technology innovations.

The challenges are more apparent in the distribugistems where it is complex to plan, operateraaihtain. In these
systems, the considerations include integratiorenéwable energy sources and electric vehiclesggrstorage, demand
side management, use of power electronic equipfoetighting and drives and response to recenteemé weather events
[6,7]. The utilities focus is on customer servisgstem reliability and operational resiliency. @értpercentage of load
support can come from energy storage. This neeéssiadditions of metering equipment, system mangocapability
and more advanced control and protection technedodihe challenges include:

A. Integration of Distributed Energy Resources (DER)

Rooftop solar PV is becoming very popular. Wind Bines and Fuel cells are other major alternatiVeese may or may
not be connected to grid. Utility owned DERs miglt configured for minimum impact. As such DERs largely non-
dispatchable and do not to contribute to systena@fp These are not available for frequency cdnbrot still contribute
to capacity deferral.

B. Energy Storage Planning and Implementation
The approaches include chemical, thermal and méwddarEnergy storage decouples generation and atgliby time

shifting energy in terms of min, hours, days. Tlemdfits include load shaping, peak load defertgbpement/ backup
power, power arbitrage, voltage control and freqyeegulation.

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 64




C. Interfacing with Transmission Systems

Historically transmission and distribution are twiiferent systems. With bidirectional power flowhet borders are
blurring. The lines between Medium Voltage (MV) dralv Voltage (LV) are seem as converging.

D. Natural Disasters and their influences

Extreme weather events like tsunami, monsoons @estquipment and lead to blackouts. Modern weathescasting
provides advance warning letting utilities and eper to plan for infrastructure and redesigns tevpnt damage.
Underground feeder circuits, building redundantelci communication paths helps in improving systefiability and

minimize service interruptions.
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Fig. 4. Microgrids Architecture.

One of the approaches which is involved distributedtrol and also discusses autonomy is MicrodifisAs in Fig. 4,
microgrids are electricity distribution systems tning loads and distributed energy resourced,dhia be operated in a
controlled, coordinated way either while connectedthe main power network or while islanded. Miaidg closely
resemble a hybrid car, where the car is partiatiyeth by electricity and possess storage in fornbattery, thereby
enabling a continuous supply. Since renewable ssuike sun are intermittent, it is important tteigrate a reliable source
which is not dependent on environmental conditions.

Lessons learnt from deployments across the wordtlidte the need of major sensing capability addjtemeliable and
secure communication system, interoperability basedstandards, data management, visualizationjvémgh bad data
detection, time synchronization, data confidertifadind sharing. McKinsey reports only 20% of paenisage of data in
industrial systems. A distributed intelligence & well needed. Cyber Security for distribution systand protecting
privacy are necessary as new technologies are edlopt
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Fig. 5. Technology Advancements relevant in Enemytext.
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Fig.5, represents some of the advancements relévagergy context. The two key technology consitiens include
power electronics which plays a significant rolepmwer flow and stability, while automation maimyiven by significant
use of software and electronics or embedded syst#mresilient grid requires intelligence which ishéeved using data to
insights approach. The compensation systems ligcS®ynchronous Compensators (STATCOM) using pahastronics
to control power flow and improve transient stapilbn power grids is important. Here the Informat@ommunication
Technologies like Cloud computing, which providéstributed processing, storage and availabilityagg to play a major
role. Wide are warning systems necessitate thesnieedig Data Analytics since the data coming frBMUs is big [9].
The data consists of both operational data andopeanational data. The need for analytics includats analytics on
available data for root cause analysis and streqamalytics based on real-time data. Cyber PhySgatems with their
significant capabilities of analysing ‘What If' sw&rios may also play a major role in the evolutéthese systems. Cloud
lets data collected to be processed elsewheranéitef Things lets us reach every nook and couneavelling data, while
Machine Learning lets us find patterns and relail@ading to insights using analytics [10,11]. ficial Intelligence lets
us perceive the environment and perform actioractoeve goals. What really matters is the resultinsfomer value. In
energy context, safety and reliability is also majonsideration in customer value. We follow Stded’s quote; “You
have to start with the customer experience and Wwadkwards towards technology’.

IV. EMERGENCEOF STANDARDS AND FRAMEWORKS

Standards include Distributed Generation aspectlEBE 1547, Substation Automation considerationdE@ 61850,
NIST Smart Grid Framework and EU Framework [12,43.5]. The major focus is around interoperabilind aesilient
grid. More than smartness the system requires teegiient so that it can survive the new situati@neated due to the
changes. A major element in this experimentatiaiésMicrogrids. These distributed concepts andctirerol approaches
followed could be scaled to bigger systems. Théreemtffort can be seen in the context of three etspef Customer
Experience, Handling Uncertainty and towards autono For example, standards like IEC 61850 focuses o
interoperability across multiple vendors and emstsignificant digital capabilities in relays. Anethset of standards
NERC-CIP and IEC 62351 focus on the Cyber Sec@amgsiderations while IEC 62351 focuses on redunglaspects for
reliability and availability in these systems.

V. INSIGHTS OPPORTUNITIES ANDAPPROACHES

Based on Three Layer Product model by Jan Bosdh Fi§. 6 provides a representation of technologied methods.
Those which are standardized and stable are begominommodity. The differentiation includes latésthnologies
including big data analysis, virtual generationngspower electronics. Experimentation layer invelmodelling and
simulation and Cyber Physical Systems which willlde faster experimentation and evolution.
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Fig. 6. Energy System Advances seen in Three LByeduct Model.
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The capabilities of latest technologies includingnmectivity would play a major role in the abilitipr faster
experimentation. Power System Standards of IEC 886l maps the same to Web protocols like HTTP régghes like
blockchain are considered in energy trading.

The major improvement involves the theme of sustaility. Sustainable electricity supply chain catisig of clean energy
systems and thereby decelerating climate changme fiscus. In this context Blockchain technologies aonsidered to
support smart contracts, consensus, encryptiordatadstorage [17]. These systems enable trackitigeoénergy systems
towards clean energy [18].

VI. SUMMARY

Customer value in the in-energy context includeafety and reliability in addition to key consideoats like
interoperability, resilience. The two key technglagpnsiderations include power electronics whickypla significant role
in power flow and stability, while automation majrdriven by significant use of software and elegcits or embedded
systems. The systems focus on customer experidra@lling uncertainty and creating a path to autpnoThe
experimentation in these systems consider factesMicrogrids and also usage of Cyber Physicalt&ys, Blockchain
etc, thus enabling delivery of innovative experEnto customers and enabling sustainability.
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In the industrial revolutions of the late 18th aatly 19th centuries, it was one new force thaatew the revolutions. The
world is currently undergoing a dramatic transfotiorg and this transformation mainly due to thefl@nce of 4 main
megatrends.

Mega Trends

1. Urbanization

The residence of the human population, locus ofie@euac activity and dynamism is shifting from rueakeas to the cities
all over the world. As per the UN, Today, 55% df thiorld's population lives in urban areas, a propeithat is expected
to increase to 68% by 2050. This, combined withaberall growth of the world's population, coulddaghother 2.5 billion
people to urban areas by 2050. Many countriesilely lto face challenges in meeting the wants efrtgrowing urban
populations. The needs for housing, transportagarrgy systems, infrastructure, employment, edutaand health care
will intensify.

2. Digitalization

Technologies like Artificial intelligence, Interref-Things, etc. have been disrupting the industailt over the world with
scale and scope as never before. These technobrgidsinging in rapid digitalization of the worahd the digitalization is
primarily shaped by faster and cheaper computieligble interconnectivity, and pervasive cloud fimgality. Moore's

Law, Metcalfe's Law, and Bandwidth Law are togetthefining how fast and efficient our computing d=s can become,
why more digital connections mean greater valuesf@ryone on the network, and how much data wecoliect, manage,
and process. All the above three are rapidly tangsihg the world we live in.

3. Aging Society

Ageing Society — the inevitable increase in thershaf older persons that results from the declimeertility and

improvement in survival —is occurring throughoug thorld. This demographic transition is more proeninin developed
countries. Many countries like Japan have staieset a falling population. The European Commissixpects that by
2060, Germany's population will shrink by one-fifdnd the number of people of working age will fafllow that of
France. The demographic change results in a shifte social and economic behavior of the poputagiod thus will have
an impact on all sectors in the economy.

4. Sustainability

Sustainability focuses on meeting the needs optkeent without compromising the ability of futenerations to meet
their needs. The world's ability to sustain bilsoof more people who are driving carbon-emittingpemobiles, consuming
more and more food that is derived from dwindlingd basket, is creating an imbalance in the equatidhe sustainable
existence of mankind.
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Enablers

To master the challenges ahead due to the 4 madatrthe mobility industry is developing the tediogy enablers that
are most easily remembered by the acronym CASE

1. Connectivity

The cars are becoming nodes within the internahinfgs. This has transformed the car from being exemmode of
transport to a pod that delivers a new user expegi¢o all its occupants. Connectivity adds toghfety and comfort of a
car and has opened new avenues of businesses ficcuahbent players. Connectivity has also creatuts in the entry-
barriers through which Tech giants like Apple armb@e have made their entry to the industry.

2. Autonomous Driving
Autonomous Driving has the potential to make thengwte time more productive, reduce accident ratesease the
mobility for the physically disabled and the elgedptimizing the traffic on the road.

3. Shared Mobility

An excessive number of private cars on the roadsléa problems in all urban areas. Traffic congestlack of parking
space lead to loss of productive time. Shared Issutind Robo-taxis will likely become more poputaurban areas and
there will be several service innovations in thpace.

4. Electrification

Electric vehicles have the potential to reduce mgjneese gas emissions, and more importantly redeperdience on
petroleum which is a depleting natural resourcesrBightening emissions standards in all marketsiradt the globe are
pushing vehicle manufacturers to plan for moretdtegehicles.

Solutions

While the mobility ecosystem is expanding more amaite, the traditional market players in automosipace have focused
on improving the vehicle capabilities and are mpreminently focusing on mobility solutions. Softwawill play an
important role in mobility solutions. The futurehieles must be

- Failsafe by being capable of completing its key functioem if part of it fails.

e Secure by anticipating, avoiding, detecting, and defegdagainst cyberattacks.

« Updatable, by being capable of over-the-air (OTA) updatethefsoftware.

« Connected to the infrastructure, internet, mobile devices,

e Upgradable, in both software and hardware.

« Collaborative, to interact with the Intelligent Transportatiops&m for optimized seamless transportation.
« Self-learning, by being artificial-intelligence-enabled.

From embedded vehicle system to mobility solutions

: From
Craes ndexsiy : _ Vehicle only
Cloud @--------- System  feee-- # Self Leaming :
to
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Trana At # Collaborative
Infrastructure @--------== Eatum.
Automotive  f-----—-- e Upgradable &
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2 Secure : —— e
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Fall Safe
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The Evolution Of Automotive E/E Architecture

Consolidation of electronic control units (ECU's)an important trend seen in E/E vehicular architec New mobility
solutions will require a centralized architecturéhwfewer individual ECUs. The consolidation is\dn primarily by
mainly 2 factors

1. Optimality of algorithms for automated driving: Tkavironment-sensing and environment-modeling #lymis
for automated driving is most optimal if data framvariety of sensors are fused in a single comgutnit.

2. Costs: Consolidation results in decreased cost®mputing, less common components (e.g., powerlgypess
wiring harnesses and consolidated software funstion

New Vehicle Architecture
The Key to Managing Complexity

Yesterday Today Tomorrow
ECU-based Domain-based Server-based
E/E architectura E/E architecture vehicle network

architecture

Past:

Vehicle E/E architecture of the past had up to &s@tronic control units (ECU's). Most of this ESlad an embedded
microcontroller which controlled actuators, pro®&ssssensor signals, controlled mechanical operatidlie
ignition/injection control) and executed electrofieictions (like auto-parking, air-bag trigger).daafunction had its own
electronic control unit. These ECU's were connebtgdiring harnesses and there existed limitedrémtiions between the
different ECU’s. There was high software-to-hardsvietegration. This often resulted in vendor logkin

Present:

Vehicle E/E architecture of today has moved towamtsre centralized systems with dedicated domairtrobminits
(DCUs) or Domain ECU’s. Several functions are cambli into a domain ECU’s to reduce the number oividdal
ECU'’s, consolidate functions and simplify the wirarness (e.g. for infotainment, body control). Whhis evolution will
occur across all vehicle domains over time. Infoteént and driver assistance are expected to betbeinners, as areas
of high performance and/or low safety or latendgiaality are easier and/or more beneficial to sfanm.

Future:

The future server-based vehicle architecture isatttiarized by a few servers for centralized higtfggenance-computing.
These servers will be closely connected and toctbad for regular updates as well as for off-vedicbmputations.
Sensors and actuators are controlled by the cevetatle servers through standardized interfacesveyer, this change
from today’s architecture to the server-based sechire cannot be done in one step. Thereforentannediate step will
be the server-based vehicle architecture with afdit ZONE ECU's and some remaining ECU's for gafeitical
applications with strong real-time or latency requients. (e.g. for Braking or Airbag Control Syss¢nThe Zone ECU's
bridge the sensors and actuators of today to thizleeservers and thus help to reduce the wiredssrias they are placed
at different zones of the vehicle (e.g. front/residge).

The new server-based vehicle E/E network architea#ill have 3 main levels:
A. Actuator/Sensor leve] which provides pressure, acceleration, posifimage, ... data to the computing level and
the driver modules for the actuators like valvestars, inverters, ....
B. Thecomputing levelwhich does the sensor fusion, analytics, plansiagd execution of function and services
C. Thebackendfor off-board computing, big data management,raining, services, ...
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Vehicle System Architecture Transition
From “diversified” to “standardized”
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Technological Challenges To Evolution Of Automotivee/E Architecture

Automotive-qualified embedded processors of todaynot have enough compute-power to process dhgasitike multi-
sensor-data-fusion needed for automated drivinge €hrrent demonstrators of automated-driving (L&)eluse a
combination of high-performance CPUs and GPUs ftbenconsumer industry, and automotive-qualified tetaECUs.
However, to take these systems to mass-produdtiene is a need to replace the consumer-class dorgpmngines with
automotive-grade eHPCs (embedded HPCs). The negudoessing capacity will increase further in fatusince moving
from Level 3 to Level 4 vehicles needs larger cotepower (x2), and even greater (x1.5) while movfinagn Level 4 to
Level 5. eHPCs cannot evolve in computing powemathe classical-HPC world. This is due to the ntons special
requirements governing the microcontrollers/Systemghip that are mandatory to be suitable for reitautomotive
applications. These special requirements are d=pintthe below picture.

Vehicle System Architecture Transition
Microcontroller / SoC in Tension Field
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High perfermance computing requires to solve the conflict between leading edge performance, advanced
technologies and automotive requirements.
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eHPC - Moving Closer To Reality

Several premium automakers and their supplierséded tier-1's), are already active in ECU cordsation. The European
Processor Initiative (EPI) is one effort to buildascale HPC, with automotive being one of the taagplications.
Currently, 23 partners from ten European countees in this consortium. The members range from raakers to
semiconductor suppliers, corporates doing advadeselopments to researchers-in-academia, thus irgsdiversity.
They aim to bring a novel low power eHPC to theomdtive market. This eHPC is aimed to be fail-saigomotive
grade, real-time and powerful to be able to addesss Level-5 automated driving. The first famitpdenamed "Rhea",
will come to market in 2021. ARM, RISC-V, and extal IPs will be a part of it. It will include a pr&of-concept of an
automotive eHPC. EPI plans to deliver the secomilja Cronos, in 2022-2023. It will include an amtotive eHPC.

Sectorial Implications Of The New E/E Architecture

» Standardization and commoditization of sensors, harnesses, computing hardware like/BECU/Server, and
other electronic hardware components likely to lespp

« The softwarewill become increasingly prominent. The functiatyalvill be realized through software instead of
additional hardware i.e. ‘appification’ will be sede.g., ADAS functions enabled on-demand basedaon
standardized set of electronic hardware).

e Service-oriented-architecture (SOA) will emerge. The architecture will likely bmore scalable and reusable
across classes of vehicles, applications, andriesitu

e Frequent over-the-air (OTA) updates will become common.

e Separation of hardware and softwaredevelopment cycles will happen, thus helping adoanies speed-up
software development.

* New sourcing modelemerge due to the separation of hardware and aatwhis will avoid vendor lock-in. For
the digital-natives in the market, this can meaat tine entry barrier into the automotive indussylawered
further.

e Further opening of eco-systemwith increased co-operation among the playersshiare costs and speed up
development. We have already started to see hafpem traditional competitors in the mobility sectre
partnering together in the transformational joutney

e Continuous agile transformation of organizations will be seefgenerally, automotive companies lag those from
other sectors in adopting modern organization medeiis will change soon. In a move to make theweseimore
agile, a leading European automotive-OEM, for examipas embraced a swarm organization, and anothgr
car-OEM underwent a large-scale agile transformatio

References

1. www.un.org/development/desa/en/news/populationf28ti8ion-of-world-urbanization-prospects.html

2. No Ordinary Disruption: The Four Global Forces Bieag All the TrendsBook by James Manyika, Jonathan R.
Woetzel, and Richard Dobbs

3. Automotive software and electrical/electronic atebture: Implications for OEMsMcKinsey & Company
Article, April 2019

4. Mapping the automotive software-and-electronicsdmape through 203McKinsey & Company Report, July
2019

5. European Processor Initiative (EPI)—An Approach forFuture Automotive eHPC Semiconductor Platform
Electronic Components, and Systems for AutomotiaplEations. Lecture Notes in Mobility. Springer,ay!
2019

About the author

Mr. Arun Shankar is Chief Manager at Continentaltoknotive India Pvt. Ltd, an Indian arm of
Continental AG. He manages the Microelectroniegmation department within Technical Center
India, the in-house R&D Center of Continental glbpaHis department delivers digital ASICs to
various internal businesses of Continental. Befhi® role at Continental, Mr. Arun Shankar started,
built and established the Advanced Engineering (MEpartment in Bangalore, for Continental's
Advanced Driver Assistant Systems (ADAS) businesi. The department strongly contributed to
innovation projects related to automated driving grew to become the largest AE department within
the whole business unit globally.

Mr. Arun Shankar has more than 17 years of diviexbifwork experience, spanning across consumer reigcs,
communication, and automotive electronics industri@uring this span, he gained technical expeitisseveral digital
technologies such as digital signal-processing dalimage, video, audio, speech), computer visimachine learning,
multisensor fusion techniques, and embedded sadtwislir. Arun Shankar is a lead inventor in severhlthe 17
US/German patents that list him as one of the geritors.

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 72




Mr. Arun Shankar was elevated to Senior membereytayl IEEE in 2018 and is serving as the ChairmanE&E-
Consumer electronics society for 2019 under theEHBangalore-Section. Since 2017, Mr. Arun Shan&also one of the
invited business mentors for the India Innovatiomal®nge Design Contest, which is the country'gdat innovation
challenge hosted by Industry-Academia-Governmeltdlzoratively.

Mr. Arun Shankar is an Electronics and Communicafimgineer from the University of Mysore and hasatompleted
an Executive General Management Program from Inkfistitute of Management, Bangalore.

Related Readings

An Automated Electric Vehicle Prototype Showing Newlrends in Automotive Architectures

Abstract—The automotive domain is challenged by itt@easing importance of Information Technology)(based
functions. To show the possibilities of modern yBtems, a demonstrator car was developed in RA@BY& and Reliant
Automotive Computing Environment for Future eCdra$ed on a completely redesigned E/E architecihieh supports
the integration of mixed-criticality components aoffers features like Plug & Play. This paper présdhe architecture
and components of this vehicle prototype, whiche@gipped with modern systems such as Steer-by-Witkeout
mechanical fall back. It was designed to suppatirfudriver assistance systems, e.g. to carry ottnamous parking
maneuvers onto an inductive charging station, k, tasich is hard to achieve accurately enough fduanan driver.
Therefore, a special emphasis lies on the desonijti the sensor set for automated operation

- Central Platform

Computer

- blue power supply - red power supply s RACE Ethernet

E/E Architecture with Central Platform Compute

Courtesy & Source
https://www.researchgate.net/publication/307804393 Automated Electric Vehicle Prototype Showing_ Negnds
in_Automotive Architectures

Amazon has placed an order for 1,00,000 electiivaty vehicles with Rivian. The order follows a4 million (approx
Rs 3119.18 crore) investment made by the onlingging giant in the EV start-up earlier in the yeamazon led a $700
million (approx Rs 4962.34 crore) investment roimdRivian in February 2019. The online retailer s#lyat this massive
order is the largest ever made in electric deliwalyicles. Rivian has attracted high-profile inweshts from other firms as
well, including Ford — with which it is working tdevelop future electric vehicles.
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Introduction

“Dedication to every clients’ success” and “Innawatthat matters, for our company and for the woale key principles
of IBM. How is IBM one of the few companies torgwe and thrive for 120+ years through the expdia¢ichanges in
Information Technology. With many patents, natiomavards, and Nobel Prizes? Chalk it up to our t@el of
Innovation”, whether it is 26 years of patent leatigp, beating human contestants on the “Jeopagdyiie show or
speeding up knowledge search and analysis for caregments. We will review essential requireradior innovation
and differentiating methodologies we use. The emsjzhis on not getting in the way of people buéding them towards
value, both business and societal.

Essentials of Innovation

There are four primary elements in an Innovatiomaggment program as shown in the Figure 1

People (T-shaped
innovators) T —
Organize for
Data innovation ;
Ideageneration &
Infrastructure Culture of anal LA :
Transformation Readinessto
: Customer and Change
Collaboration & businessimpact
Integration Iterative Approach
Diversification .
Incentive
Alignment

Figure 1: Elements for digital innovation managemen

First two elements are about preparing the orgéinizéor the seeds of innovation.

The first element is more around tangible thinge treative people, data preparedness and invesimie right
infrastructure.

* Innovative people are at the heart of it, and goews is that everyone can be innovative — it jegtds a mix of
expertise. When IBM invested in creating the fiefdServices Research in 2000, we introduced timeeumt of
the “T-shaped” individual - breadth and some exgree in many areas and depth in (at least) a feasaboth on
business and technical sides. There is also a faetbadership, motivation and creative thinkinglls.
Nowadays we talk about STEAM rather than STEM e8ce, Technology, Engineering, Arts, and Mathersatic
because the design of the human interface to efffili transfer information has become an esseptal of
designing an application.

« Data preparedness — More often than not, thiseésatba where we see lot of ideas tripping, espg@almost of
cognitive technologies need a good history of dqualata as the starting point. In many analytiecgqmts, 30-50%
of the time may be spent in collecting and curatheydata to be uniform, clean, and filtered enciagbe able to
depend on the results for business-critical desssidMany companies are proactively investing inttad
management platform, even when the use case isommpletely clear, to enable them to leverage opipdies
which will arise in future.
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» Infrastructure — People and good quality data wied access to right compute platform to test batideas
quickly and do the initial prototype. This is wherempanies need to think about a target platforhichvtake
care of their data needs and computing needs (maddarning/Al/blockchain etc.). “Right” platforms not just
about the features, it is also about the scalgbilihorizontal and vertical. Can we start smallwvatpilot (“Proof
of Concept” or PoC) and quickly productize and sdhle platform without much additional work as ubese
increases (horizontal) or as more components ardeue(vertical)? Can the developers collaboratéy@adow
mature is DevOps capability? etc. Here a standeddilevelopment platform and operating environrikatiBM
Cloud helps reduce the time and resource needget to a Minimum Viable Product (MVP).

The three items above greatly reduce time and resaequirements, and improve success rates and,\afl any
pilot projects that are undertaken.

The Second element is more around the intangilsentials.

» Does the organization structure support innovatidfifile there is a merit for operational people iggtinvolved
in generating innovation ideas and helping themlément it. This normally works well only for small
incremental innovation. For the bigger ideas, thresed to be a more formal way of supporting inniovat

e Another key element is culture of transformatioravel we banned the phrase “We always did this way” o
“Nobody does it that way” from our meetings? Hawe eaveated a safe environment for people to shaasittom
the science lab to the manufacturing floor? Haeewade people comfortable with failure? etc. etc.

« Last but not the least is collaboration. Reseaeshgroven that highly successful teams collabaratee. In IBM,
we have taken focused efforts to create cross-bfamoh like The IBM Academy of Technology, repreteg
IBM’s 200,000-strong technical community, where pleofrom various business units can collaborateann
initiative. Some of the external facing programgega higher weightage to programs with customdabotation,
thus encouraging teams to find sponsors and char®piothe customer organization. Another key itwmesit in
our talent is ability to move between differentdsnof jobs and re-train for new skills — We havesdncation and
learning unit with a key focus on our own employees

The Third element is about building a right poiitiadf ideas. This requires fostering idea genemfidtea management
programs to ensure right ideas are taken forwhgietis a healthy mix of idea on various dimensiens

- Product/ process/ service,
- Incremental-low hanging/ Radical — world changing
- Solution themes (visibility/ analytics/ cognitive)

These ideas are the seeds — some of which will gwdve big trees in due course of time. We crast,fthen walk and
run.

So, now we have the right portfolio of ideas, amelight garden bed for these ideas. What is neregiis an eagle-eyed
focus on execution. Some of our major lessons téamunning innovation programs are:

» Readiness to change: Operations/Business need tealg to change, and readiness to change cannoisbe
wished or mandated. We have tackled this challé&yggsing a 3-in-a-box leadership concept, wheraalhtives
were led by a business leader, a change managéaedet and a technical leader. Without activeiggetion by
the business unit that will take over the projeiag pilot will not grow into a robust plant but tead will die
away. One issue here is that for futuristic ideaginating in research teams, existing businests wometimes
do not have the skills to run these new prograrns.such cases, we transfer an entire team of refsed,
designers, programmers, etc., along with the nelslyeloped products, to ensure the success of thegragram
These employees can then be “recycled” back inteareh and development in a few years, coming kéitk
invaluable experience in productizing and workinghwustomers to build business value, (BuildingithT-
shaped” capability)

» lterative deployment: It is ok to start small andldh in phases. There is no shame in failing eddiling fast,
learning, extracting the valuable bits, and mowng Failure is nothing but an opportunity to dedidev to refine
the initial idea.

* Incentive alignment: For any significant idea, thaiill be multiple stakeholders. One of the lealgrghallenges
is to ensure that incentives of all these stakadrsldre aligned. We have seen in our experiendewhastart
many innovation programs, where the responsihdftinnovation success lies only on the innovatieeder (chief
innovation officer/chief digital officer etc.). The programs invariably move very slow, as the lssirhas not
much skin in it, and they are swamped with theilydaperational issues. Further, we have also $eemsome of
these programs move very fast, when the businestefs goals are tweaked to add the innovatioriadigi
roadmap success.
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Innovation culture and Transformation

Every organization has perhaps tried several vessaf Innovation Programs, either internally or gegted by third

parties. It does not matter where the program sofrem — without emphasis on cheap, quick, “faittd@arn”, and

matching to the culture of the corporation it ighiy likely that the program will not be able tondenstrate value to the
business in terms of improved performance and speptbduct development, deployment, or improvement

From IBM’s own wrenching experience with Transfotioa in the early 1990’s, we have learned the irtgomre of culture
transformation, starting at the executive levebaited by the middle management, and being cleartynmunicated and
propagated down to every working individual. Themibnstration of a path to “re-skilling” or “new-8kig” though
internal education is key because many of the r@srare best filled by loyal employees. Thislsaliscussed above
under “Readiness to Change”.

A key issue related to projects we undertake istW@T to do. With the advent of Al and the potehtd outstrip human
capability to control it, IBM has focused on bothies and the individual's data privacy in reviegiall ideas with an Al
Board that considers all these aspects in additidiusiness value before deciding to proceed.

Discontinuous versus Continuous Innovation

Looking back on IBM’s century of technical invemi@and discovery, there are two major types of imtion. The first
type is “Discontinuous Innovation”, where a labatigery leads to a new, significantly different,firology and useful
product. In the context of inventions relatedTowe have example such as RISC, magnetic memayd(drive storage),
silicon-germanium chip technology, and many md@gher inventions of this kind lead to new produetas, such as high-
temperature superconductivity (Utilized in the powelustry), laser-ablation (Utilized for eye sungle fractals geometry
(Utilized in visual imagery), etc. This is whetdd very important to allow “wild duck” scientists keep tinkering in the
lab to come up with these unexpected discoveries.

Cross-collaboration is a key factor here to geeenaexpected results. One method we used in IB&&eh was to send
a coffee cart around the building with free coffePeople would congregate around the cart, talkaoch other and

exchange ideas, and new concepts would be “inv&inteden the architecture of the IBM T. J. WatsoaesRarch Center

was designed to encourage scientists to come dheoflabs and offices for the outside view anastmeet each other and
collaborate.

The second type is “Continuous Innovation”. Scigstand engineers continue to make incrementabiwepnent on a day-
to-day basis in an existing product, and over tthie results in significant advancements. Onehef hest examples is
Moore’s Law in semiconductor technology. It isuadly an observation (“Doubling of density transisévery 2-3 years)”

that is a result of mostly continuous innovatioritfwsome discontinuous innovation thrown in), whiths resulted in

many orders of magnitude improvement in logic/ mpcessor chip transistor density, storage chig, storage hard-
drive bit density and power over the past 8ecadeqThis resulted in a modern-day cell phone contgjnnuch more

memory and processing power than the IBM compukexisput Apollo 11 on the moon !).

Grand Challenges

IBM has focused its Innovation around “Grand Chajles”. They help focus the organization aroundrgd visible goal
that makes the employees feel good, as well agngpteal-world problems which are quickly transthte business value
for clients.

This started in the 1960s with IBM computers bgiagt of the Apollo program that put humans on tleom Another big
bet in the 1960s was the IBM360 mainframe, whichtiomes 50 years later to be a huge mainstay of'$Bfdnd the
world’s) business.

In 2000s, through an IT “Innovation Jam” involvingpre than 50% of employees, we came up with a retvefsgrand
challenges that became the basis of our “Smargme®l program. Examples are reducing wastage énfabd supply
chain, reducing energy consumption worldwide, imprg health outcomes.

One can consider that IBM’s Watson, the competiiod Win in “Jeopardy” Game Show on television git¢ension into
improving analysis for cancer cures (“Watson forc@ogy”), and the recent news around IBM Watson bater”
debating humans, are other examples of such GrhatleGges.

Some Examples of Cross Pollination

Cross-pollination is a method whereby inventionsie area of science turn out to be useful in apbetely different and
unexpected area. It is the very essence of Infenlat
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When IBM Research obtained one of the early exciamars for experimentation, scientists from déferdisciplines got
together. They started playing around using itedtover meat from the cafeteria! They found tleeyld remove layers of
tissue without damaging the underlying tissue. sTresulted in a technology and patent that becamenderlying basis
for laser ablation eye surgery! For this work, 1Bié James Wynne, Rangaswamy Srinivasan and SaruwmlrBceived

the USA National Medal of Technology in 2013.

As a second example, the techniques of statisditallysis and prediction we had used in our semigthod manufacturing
fab line to improve chip yield were utilized to nimm and help predict premature infant health, e point that the
computers could predict health declines many hmuaslvance of even expert nurses.

As another example, the chemistry expertise (Petgddnology, and equipment) that was used to dpvehoto-sensitive
polymers for use in the manufacture of chips wiized as the basis for creating the first “greeatyclable thermosetting
plastics.

As another example, the question-answering inferaystem that was used by IBM Watson to win “Jetyagame show
versus humans was used to develop a product (Wais@ncology) to speed up analysis of patient geinand drug test
data to determine what was likely to be the optinparsonalized treatment for patients. While of seuthe reason for
doing the original “Jeopardy” was because of thishafots of the technology bring developed into piidthe actual
specific results are sometimes a surprise.

Conclusion

To sum up, Innovation, by its nature, cannot by fstructured; it needs chaos. It's very diffictdtmanage chaos, because
virtually anything may develop, and the existingamization is only able to recognize and develdimided set of areas
(or markets, etc.). That's why we need multiplegseans and initiatives, each addressing specifimefgs or sub-elements
of the innovation space.

An Innovation leader’s job is to put a loose staueton this seemingly chaotic state and ensureetiéito end lifecycle of
problem identification, idea generation, incubatiprototyping and operationalizing is maintained.

It's also critical to BOTH (a) NOT to kill any ideacoming from unexpected places or heading in usetegd directions,
and (b) Kill ideas that have been evaluated pirmit as not beneficial to a business, while corimm¢he employees to
learn from the failure and continue develop othettdy ideas.
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Industry 4.0 wave - Relevance of SCADA in an IOT world and journey
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Industry 4.0 revolution has gained significancevasdl as mindshare of many organizations. Many og#ions are
exploring new ways to leverage loT, its potenta@lyantages and with expectations to enhance thalbtleroughput of
their existing process automation, by overcomingsting challenges and also integrating the entuaue chain of the
organization .

The paradigms of businesses haves been transf@nekedisrupted by digitization, and SMAC where thére value chain
is redrawn with every stake holder playing an irdéegd part. This is best described as the pictorgaide.

All along, every segment of an enterprise
was an island of processes and information
with data exchange happening only on need
to know basis, the biggest being the

Digital Transformation

> Systems of Intelligence ¢ SCADA. Democratization of data in a much
federated enterprise is the new age mantra of
digitization. Currently in large
manufacturing and process oriented
— — — enterprises like the Steel, Power, Refineries,
the most often asked questions “will 10T
replace Supervisory Control and Data
Engage your  Empoweryour  Optimize your Transform Acquisition (SCADA) in a new era for
customers employees operations your products manufacturing?”, “How can 10T help me in

leveraging existing SCADA?", “I already
have process automation, have implemented anyeat l&chnologies to enhance my existing SCADA, duill need
I0T?".

Integrated organizations are adopting digital bsokdrive a true new age Digital enterprises

Manufacturing is a very mature, highly automatedustry where technology adoption curve is very kgl steep, also a
place where integrated centralized systems like B&/Alayed a significant role. Since there is a nsaunami of data
generated from IoT, which when analyzed createha@ewnew value paradigm, existing SCADA systemsiriede all the
more relevant in not mere running the processéseaitly but to enable upstream and downstreamevatgation. Creating
intelligent systems thaéarn, adapt and potentially act autonomouslyather than simply execute predefined instructions
is the direction most of the enterprises are heptiin

IOT thus paves a new path and opens new doorgrtealigital enterprise by leveraging the intermeterconnected and
discreet systems, allowing a strong interface betwapplications and hardware. SCADA has helped faaturing
industries to monitor and control their processed provide some sort of semi integrated controlictvtover the past
decade or so has delivered
significant results in decreased
operational costs and increased
efficiency. The journey of
driving efficiencies and
operational excellence is never
ending. 10T integrated with
SCADA just provides that
missing link.
ﬁ;::lglql;;ti I.-1:an5::'dmrn¢ r\.-:-r::::r::'nt ummd—j“_’_nftl SCADA SyStemS haVe been in
i use for over 3 decades now.
Over the time most of the
managers and decision makers
in these industries have not
adopted the rapid technological
changes which have taken place in the processtiydusll along SCADA has done a great job in vasandustries in
providing the right data to monitor and managerthed processes primarily delivering efficiencigsalso helped boost
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the efficiency of operations and reduce costs. ¥gdst mere optimizing on efficiencies is not enbu@/ith technological
advances expanding the range of both systems amitaring methods, and as the world connects viah légeed
smartphones, internet and associated cloud teogiesloexplosion of data on real time basis on evagnected
component in the process chain, some believe #ratgps SCADA has had its day.

Hence it's all the more natural that there is ceitfn among professional discussions around theafolledustrial Internet
of Things (lloT) applications. Questions like, “ChT replace SCADA?”, “Can the two be integrated®d “What is the
difference between 10T, SCADA & PLC?” always arise.

Essentially, 10T should be viewed as a technoldgy is implemented on top of SCADA. IOT provides thuch needed
advantages of scalability, data analytics, anddstatization and interoperability opportunities whieelp the alignment of
the industry to the rapid changing business demal@s is to be seen as beyond SCADA for SCADA.

SCADA - then and now

First of all, let's take a quick recap of how aitg SCADA works. It is an end-to-end system theteives data from
Intelligent Electrical Devices (IEDs) or Remote iémal Units (RTUsS), which are connected to sendbrsugh a
communications network. SCADA has the following miom features:-

Graphical interface

Process mimic

Real time and historic trending
Alarm system

Data acquisition and recording
Data analysis with Report generator

The system then analyzes this data and sends cossnieatk to the field, with individual SCADA appltaans often
working simultaneously. The SMA systems interfaekwith the hardware which typically is the instrurteion and field
systems data acquiring systems and telemetry.

e Standard communication protocol::Common communication protocols used in industrigldf are:
ARCNET, CAN bus, Modbus, PROFIBUS. If SCADA softwaaind hardware devices use same communication
protocol, they can talk to each other without atheo extra software drivers.

e Standard data exchange interface-Common data exchange interface used in indusfiigld are:
DDE (Dynamic Data Exchange) ,OPC (OLE for Processitfl), Using standard data exchange interface,
SCADA software can indirectly communicate with haede devices via data exchange center of DDE ard. OP
The advantage is that irrespective of hardware o@svisupporting standard communication protocols
manufacturers only need to provide one DDE or OR@&dto support most of the SCADA software.

* Native driver

In early days, the SCADA systems were also usedotttrol and monitor processes and interfacing waitbnolithic
mainframe computers like the IBM 3090, VAX/VMS. Dng that era that architecture of mainframes athilghest layer
of EIS, followed by SCADA, then process control gouters and lowest being the instrumentation wakélye With the
introduction of advanced graphical user interfa@@t/ls) and mass configuration tools, it became neffeeient and
accurate. :-

SCADA systems mostly comprise:

* Programmable Logic Controllers (PLCs) and Remote Teminal Units (RTUs): These are hardware
components that interface with the machines antralothem. They are responsible for interfacinghagensors in
the machines. All parameters that require monitpane available here. PLCs and RTUs are organizdspr
interfaces to the machine world.

« Data Acquisition Systems: These are centralized systems that collect daien fPLCs and RTUs. The
connectivity could be wired (Modbus, TCP) or wisde OPC (OLE for Process Control) is a recommenagd
to connect to organization (s) r hardware.

e Supervisory Systems Systems that allow supervisors to monitor theachines. These systems do real-time
condition monitoring, raise alarms when threshads breached and ensure that organization(s) r inexgh
works optimally.

e A Typical schematic diagram of SCADA is as shown :-
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SCADA - the foundation for operational excellence

SCADA systems functioned perfectly for superviseith very high reliabilities offering the day-to-ganonitoring of key
processes on what is going on in in the factoryaomear real time basis. SCADA systems were muchlied and
dedicated with proprietary communication, no in&troonnectivity and there existed a china-wall saji@zn between the
application management software of the mainframaspus other enterprise applications, machinebénfield and other
upstream and downstream systems. Interactionhafr a@nterprise systems with SCADA was in batch memt mostly
manually intervened.

The SCADA system performs some major functions #imws a company to successfully automate comidustrial
processes such as human-machine interface (HMigtredlal communication, data acquisition, monitgricontrol, data
collection, calculation, and report generation. Fany industries, all these functions are vitabider to have a stronger
control over processes.

With the changes in the business requirements,ragdwvaents in the technology, changes in the busieegsonment,
significant drop in storage and computing poweerg¢ghhas been a significant demand to drive intedraystems,
automated feedback and control right up the busidesisions . This is where 10T solutions come remworganization(s)
have more macro level questions to ask. Questikes |

* What is my operational effectiveness across mashiEsembly lines and plants? What can | do toaxgpit?

* What are my bottlenecks, where are they located?

« How can | eliminate these bottlenecks and canrhbee proactive and predictive about these?

* What process changes can | do to improve performazan | make these decisions based on data asalgtst
performances, leverage predictive models etc.?

* How can | do a planned vs actual comparison on rfamteial data and decisions which are driven byyéca?

» Can | predict machine failure? How can | move fraatendar-based maintenance to predictive mainte?anc

» Can I leverage internet and truly make the ent@ision making seamless, anytime anywhere?

e Can | have discreet systems speak and communicatelassly?

e Can | connect the upstream systems to the dowmnstsyatems on real-time over the internet and erchéme
value chain?

These questions are extremely relevant to plantagens, production supervisors, capacity planningsgrel and
productivity consultants. 10T in manufacturing igamt for this audience

Position of IOT in the world dominated SCADA by daa best illustrated as below

So, SCADA systems which are predominant within lyegaset industries can be reconfigured to adopiQfie With three
generations of SCADA — standalone, distributed asitdvorked — some industries are starting to utiib@t some known
as the fourth generation SCADA application. Sonse &how this to be the Internet of Things.

As the fourth Industrial Revolution is making sifitent inroads in the consumer behavior and bupiaigerns, it's time to
Re-align the manufacturing processes and get tiwegriated seamlessly. Implementing fourth generad&G@ADA with
the disruptive capabilities of 10T seems very lbigifif.
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loT begins where traditional SCADA, DCS end.

0T is complimentary to SCADA and DCS. Rather 1Qdds value to SCADA and extends SCADA and its valuain to
make business more predictable, reduce cost, wesstaigd improve profitability. Information generatedm SCADA
systems acts as one of the data sources for I0AD®G focus is on monitoring and control. 10T's fog is firmly on
analyzing machine data to improve organization{®pductivity and impact organization(s) r top line

The four pillars of lIoT are M2M, RFID, WSNs and SBA (Supervisory Control and Data Acquisition). Taefour
discreet pillars would have been added at diffepmints in time, with in the advent of IOT all tieediscreet systems are
beingintegrated to deliver an extended as well as &iareed value chain.

The Internet of Things (I0T):

The Internet of Things is a culmination of advanicesonnectivity hardware, data networks, cloud pating and big-data
processing. 10T begins where SCADA, DCS, and Hiatmr end.

A typical factory is an extremely heterogeneousiremvnent that has grown organically over severaryeand in some
cases over decades. Some of the challenges seen are
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Machines with different kinds of PLCs and RTUs thapport different connectivity protocols.

Multiple SCADA systems from different vendors, eacmtrolling a specific line or a set of lines. Maee data is
available but there are data islands. SCADA systalss store a finite amount of data so historicghds not
preserved for deeper analytics.

Data is stored but the context of the data, thewuar‘environmental” considerations are not capture

The SCADA systems are always at a point in time deattegration and driving analytics for data fr&GADA,
cognitive data, unstructured data is possible anthe IOT world.

Legacy machines that are not connected as theythackght kind of instrumentation.

Assets like Energy Meters, weather monitors, ugaagéerns, etc. that have never been connectedalgest
overheads. Yet the information that they give sutifal.

Existing data Historians can be a data source.

loT platforms act as a federated data store dhae diverse data sets. They give organizatioa(single source of truth
for driving business decisions, adapting busineswsanhds and initiate automatic production changés imternally and

externally on a much more dynamic and informed ways

IoT platforms have the following capabilities.

As loT gains focus and traction, a lot of existtl§ADA systems and Historians are providing loT ligatures. However,
they can never replicate the capabilities of afpiat built ground up with I0T in mind. Along the waSCADA systems
have redesigned themselves to keep up with akktherging technologies that surround everything. iéw big question
is how companies, that used traditional SCADA gsystewill move to the modern ones, which also ineludT

deployments. Well, like any other transformatiotiative, a carefully planned strategy is required.

The first step is to identify a right IOT platforwhich has the ability to provide a diverse set @dgters and connectors

that can connect to various machines, SCADA, D@8, Historians.

Metadata driven architecture. Organization(s) can connect anything: machinekicles, barcode readers, solar
panels, weather stations and have the ability dog®s data across all these sources together.

Complex Event Processing (CEP)The ability to do real time complex stream proses®f data from multiple
sources.

Big-data processing and machine learningThe ability to analyze large amounts of machinedahe ability to
apply modern supervised and unsupervised machameiihgy algorithms to predict outcomes

Extreme scale:The ability to ingest and process massive amoafntsachine data. This allows organization(s) to
connect anything of relevance.

Cloud-first and Saas first: Built with the cloud in mind and provides flexiblaffordable pay-as-you go plans.
Systems that provide the ability go private whemghuation demands.

IOT can create the much needed plat form interfacaliscreet SCADA's to interface and interact aswn
below

Here are some of the factors organization(s) nedshve in mind when migrating to a modern SCADA/kyEtem.
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» Device type —First thing to do is to decide which of the loTvibes will remain in-house and which ones will be
moved to the cloud. As most of them are storingiaile information and data, security is essentianever the
devices will be located.

» |oT Standards — There are certain 10T standards that organizatjomyst take into consideration when moving
to modern SCADA systems. Some of them are OMG In@dldoT standards, which is working with the Data
Distribution Service, the Threat and Risk Modehsliard and the IEEE loT-related standards, whichtifles the
common areas between 0T domains.

* Network Segmentation —This is a crucial step in ensuring business caitiin We all know that network
segmentation can save a business. If somethingvguesy, it is better to have only one segment doather than
the entire network.

« Predictive analysis —This technology plays a major part in bringing dé best functionality in SCADA
systems. Choosing predictive analysis solutionkgifie organization(s) a glimpse into the futurel amsight into
organization(s) system’s weaknesses and solvegrabbefore they become one.

» Key Use cases- Identify the key use cases which have the highmgtact on business outcomes, provide
significant competitive advantage and also thegestong ROI and financial justification for summinvestment.

» Define enterprise cloud strategy- Before deciding which type of cloud organizafg)rchoose, private or public,
organization(s) need to consider which one is & Bbor organization(s) business needs. Do orgtoiga) need
enhanced security? Then the private cloud mighbdst. Do organization(s) need speed and scalabilityen
organization(s) should consider a public cloudotfanization(s) business requires more than jusedpor
security, then organization(s) should consider laybloud which comprises a mix of both cloud option

If one takes a closer look at how existing SCADAnplemented and operational, we can see somarpnaliy elements
of IoT — supervisory control and data acquisitidfe can safely say that SCADA represents some opitlees on which
the Internet of Things has been built. However\airg new age transition stage, one need to be awofatiee current
capabilities and limitations of SCADA:-

» SCADA systems are not scalable. The Internet ohd$ihas the ability to bring in and process lanmgeunts of
data from things and machines. 10T allows any cama connect any device and third party serviédisthe
data is collected into an IoT platform, accesserisdy with login credentials. Several people froompanies
and industries can access to the data (or subskttafor subset of devices). Even in the cloud, reseurces can
be generated.

e« SCADA is a system used for a day-by-day operatiores control room or similar. Nevertheless theraasdata
analysis to check the performance, integration WiRMs or ERPs and finally there is no contextuébrimation
connected to the SCADA. On the other hand, loTllial@out data analysis, Big Data processing ontdpeof the
data, such as Al algorithms, ML and predictive.

*  Protocol such as OPC, OPC-UA and others are timelatds today on the industry. On the top of that)al
there are a dozen of other protocols that can imelpstries to get connected or to get real-timéfinations.
MQTTS, HTTPS or CoaP with TLS can help industriksbring a security layer needed to encrypt thesages
and information.

» Integration among devices and manufacturers areasyt on SCADA systems. Usually in Domestic Autdomat
organization (s) need to have devices from the saareufacturer with the same version. If that dostshappen,
it's usually almost impossible to easily integratevices on the current SCADA. There is no preserfce
horizontal platforms that are operable across @svi©n the other hand, on 10T this is one of thetrheneficial
features for an industry. Standard protocols slcM@TT enables platforms to communicate with eatttero
even if there is a different vendor.

Ease of installation, reduced cost, increased aataracy and worldwide remote control and monigpane all things that
loT offers heavy asset industries. However, as i® relatively new technology in relation to SCAR#Ad PLC, its
capabilities are naturally adaptable to modern stgudemands. That being said, when SCADA begamlldwed

manufacturers’ systems to work together in reaktimuch like IoT is doing now.

Therefore, it's very much apparent that the stiermftSCADA systems and its technological capabditare still relevant
even in industry 4.0. Where it falls short, howeuer processing to the rest of a business to craatelly connected
ecosystem. The question shouldn’t be about gettthgf or replacing SCADA, but rather extending SO4 into what?
Currently, 0T is revolutionizing SCADA by offeringrore standardization and openness. I0T is alsaging scalability,
interoperability and enhanced security by introdgdihe concept of the 10T platform. Essentiallythbplatforms are used
to increase overall productivity by integrating smmaintenance. As well as waste reduction, in@dasefficiency, a
decrease in downtime and the extension of equipfifent
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Traditional SCADA ' 10T

10T nopleme
designs meon

ts the Serverless mchitectures . where the application

ate third-party “'Backend s a Service” (Boa8) services

In SCADA systems, dus to the traditional architecture. the and/or that melude custom code rm m mam contnmers on A
perfomance 15 fixed for a given number of devices, cost of “Funcnons as a Service” (Fan$) platforn | 10T archinecture has the
Scalability extending 15 prolubatively Tigh sod very rigid hord wared ability to mgest and process a huge smount of dota from sensors and

protocols which
fixed arclutecture with a fixed mandate to deliver HITPS, XMPP, COAP. REST eic. wihuch

scalability due to this serverless architecture. 10T s a platform doves

kes newer models diffient oo mtegeate. ['s 2 allows 1o connect anything of relevainc

protocols like MOQTT

s powered by on-demand

architecture, coponent driven with extensive plug and play features
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ation loT mvolves long-term dits retention to further analyze the data to

edules, reduce overall downtime. and extending

tow and storage of a finite amount of data without | predict waintennnce sl

Data Analytics preservatic

history collection and miost of the unstinctured data s a

of historical data for deeper analytics. There is et fife. On top predictive analysis and preventive maintenance
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The primary goal of Industnal JoT s to standardize sensor networks, data

§ gathermg. ad ageregation. loT standards such ns OPC UA are already
SCADA system: 2 % I
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Industrial IoT ecosystems still remain frapmented but there are proteco

In SCADA systems, devices not made by the sume
X stich as MOQTT which enable platforme to communicate across devices
manufacturer cannot easily integrate. At tmes, even different

. - regardless of vendor 1OT standards offers a lot of protocols and
lntemperabﬂm' vertons from the same mamifactres present ch Ik
& mterfaces which can imteract seamlessly, provide hteralkly mfinite
wmaking them work interchanseably. Hence SC X, & g "
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distributed business processes which work in siloes
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Information generated from SCADA systems acts asaifrthe data sources for 10T. SCADA'’s focus isnaonitoring and
controlling. Whereas, 10T is more focused on arialyzmachine data to improve organization(s) progiigt and
impacting organization(s) top line. loT is essdhtia culmination of advances in the connectivifynardware and data
networks that SCADA provides. In short, 10T begivieere SCADA and PLC end.

So, while the 10T market is still in early produetj it can coexist with SCADA. |oT is bringing alicai wave of new
business models and technologies that are chatiggnigndscape of SCADA. However, the SCADA paradigm always
been one that is flexible to industry shifts.

Adapt, Adopt and Integrate

Admittedly, the current legacy SCADA platform isking particular innovations, it is monolithic aestremely dedicated
and designed to be task oriented with very les®ogtto integration upstream or downstream, thel rieeloT would be
far more immediate. SCADA is currently being infheed by IoT concepts and solutions that are quibkiyg integrated
into SCADA architecture. This is done so seamleigly we won't ever notice a difference.

However, SCADA is still currently limited to thedery floor. Data taken from the factory devices bBeing viewed only
inside the plant. Whereas IoT takes that datar®ffesights to the users, across the value chgin fiom the raw materials
to the end user and makes it available anywhesgina@. This, in turn, enables new business modeketcreated.

How loT can help scale up SCADA?

If organization(s) already have a SCADA system ilace, organization(s) can integrate the IoT sotuti@ith

organization(s) SCADA system and collect data frarData Acquisition Systems (DAS) machine. By legerg the

power and scalability of I0T, organization(s) case wollected data to create a wide range of remuth as Overall
Equipment Effectiveness reports, Production Dgpams as well as utility reports (gas, water, pgwer

In the future, it's likely that SCADA systems wilvolve into those of loT. Equipment and PLC willcbene more
intelligent and will be able to integrate differemibud platforms. This will enable new securitytfdams that will further
secure any data that is recorded. This meansrttmbivements that will save money can be performed.

SCADA is more about allowing humans to interact agsty with a process. Whereas 10T is generally used machine-
to-machine communication tool. Rather than sometkiiiat exists primarily to present information tbwaman. That is just
a small part of its process. I0T ensures that médion is shared with both people and machinegrathan just people. In
short, it makes sure that everyone and everytlskgpt in the loop at all times.
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The comparative analysis

In the end, both SCADA and loT involve sensors dath acquisition. Although they do differ in marspacts, they both
share the one common goal. The optimization ofarsk eventually, better control over some deviaea process. The
whole idea of a smart grid leads to SCADA and InfEgration. As SCADA is not a full control systerather a computer
system that gathers and analyses real-time dagpgeful in monitoring and controlling a plantindustrial equipment.
SCADA primary objective is to control the procesbased on the supervisory capabilities, maintagndibviations within
limits, gather information about a certain deviatit]ansmit to a central site and alert the cemiatrol center. .It will then
carry out any necessary analysis and control aswlali the information in a logical and organizeshfan for humans to
then interpret and use accordingly.

Since the Internet of Things is made up of a neétwadrphysical devices connected via electronic etdbeg, software
setups, sensor-actuators and network connectiviighwall act in unison on a set protocol. A sealgjorithms and rules,
for the objects to connect and exchange data. IWvs objects to be sensed or controlled remoteiyss different
networking infrastructures. Therefore, it creatggpartunities for more direct integration of the pilwal world into

computer-based systems. The IOT also offers thabiliies to integrate batch and real time withearsless tools of
analytics, actuators and intelligent machines. Tésults in improved efficiency, accuracy and ecnicobenefit and also
cuts down on human intervention.

Both platforms offer an abundance of advantagesyedlsas some vulnerabilities. It is predicted thst2020, 50 billion
devices or things will be connected to the interridtierefore, the dynamics of an Internet-basedrobrslystem are
becoming a living reality. Industry 4.0 is an emawhich emerging trend automation and data exchangeanufacturing
technologies are allowing for a shift from traditadly implemented SCADA to an IoT implemented owéth SCADA,
cyber-physical systems, the Internet of Thingsudloomputing and cognitive computing, Industry i.@n era that will
change the dynamics of the entire automation imgust

Next phase of manufacturing- Has SCADA had its day?

The good news is that SCADA is here to stay andinkernet of Things is the next phase of smart rfasturing that
upgrades SCADA by making it more intelligent andastnloT complements both distributed control sys{®CS) and
SCADA by widening existing capabilities like reakhe data capturing, anomaly/machine breakdown salegal-time
control, data logging, data analysis, and visutibna

Let's see how IoT takes SCADA systems to the nextlland he traditional SCADA systems stack up

Autonomous commands Data aggregation
Remote monitoring Predictive analytics (what will happen in the future)
moe mformed control based on lhistoric data. patterns
Supervisory control and hueristics Offers prescriptive analytics (What
_orgamsation(s) should do and when

Alarms and alerts ‘Data creates value in multiple applications

Enabling analytics, builds predictive models, multiple

Reporting 1 § :
what-if analysises, new business models

Decrease operations and maintenance costs

SCADA systems have been doing a great job in mongcand controlling industrial- and facility-baspdocesses that
exist in the physical world, but 0T can procesgamization(s) r data and bring the intelligence msights hidden within
it.

With the growing number of connected devices, teednfor gathering, exchanging and analyzing dasaskhbstantially
increased. Industrial companies have started olmgpiv growing need for increased interoperabilibd anformation
transparency to stay ahead of the competition abhdmerational costs. Currently, many ISVs proadeloT platform that
is hardware agnostic and use SCADA and other toadit systems as a data source wherein securitysapdrvisory
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control are not compromised but enriched withinsg®g infrastructure. Open and secure connectiofitions such as
AMQP, MQTT, REST, and OPC UA Pub/Sub make such agett 0T architecture. While SCADA’s focus is on
controlling and monitoring machines, 10T’s focusis analyzing machine data to increase efficiehey tirectly impacts
a company’s bottom line. SCADA works as secure Gafieways (or call it Message Oriented Middlewar®©)), which
enables companies to connect edge devices acrdsglensites and bring data on a single platfornpéoform analysis for
making better decisions.

At the same time, one should also understand t8&C# has some limitations and that can be overcovitke 10T. For
example, factories are heterogeneous by naturetasdlifficult to manage the disparate nature lnd industrial digital
ecosystem from a single place. This is where lofi@®into play as it fosters interoperability anthdeansparency.

Digitization is changing the way manufacturing camjgs work but SCADA will still be useful in terno$ collecting and
monitoring the day-to-day operations of a factorypoocess. 0T empowers SCADA systems and helpsufaaturers
store an infinite amount of historical data in theud for deeper analytics that bring out hiddeorimation to solve long
time unresolved problems.

SCADA in the Smart Factory

The frank reality is that SCADA as an operator fifatee, and the features that make it obligatorclisas schematic
visualization, alarming, data logging, real-timentol and the passing of data to data historiaas), not going to be
completely negated by 10T technology. Not anytimers There’s no doubt edge computing will begiretgulf certain

control features and rationalize the amount of ea@ahoose to push into the cloud over time, betitidustrial Internet of
Things will not negate the need to securely opehdose valves, start or stop motors or reset &matar. At least not for
assets and processes that require high-speed allgetion and control. That's the key. One canrwhgare IloT solely
with Data Acquisition (DA), yet forget about Supsary Control (SC) and the need for reliability,cesty, fast

aggregation and complex data storage. There ateus§e certain loT communication protocols, asmivelow that would
need to be present to support the SC + DA elemaathe 10T.

Instead of arranging all of the 10T Protocols op @ existing architecture models like OSI Modék 1OT protocols are
categorized into the following layers to providersolevel of organization:

e Infrastructure :- (ex: 6LowPAN, IPv4/IPv6, RPL)

* Identification :- (ex: EPC, uCode, IPv6, URISs)

e Communication/Transport :- (ex: Wifi, Bluetooth, LPWAN)

» Discovery- (ex: Physical Web, mDNS, DNS-SD)

» Data Protocols:- (ex: MQTT, CoAP, AMQP, Websocket, Node)
» Device Management :- (ex: TR-069, OMA-DM)

e Semantic:- (ex: JSON-LD, Web Thing Model)

*  Multi-layer Frameworks :- (ex: Alljoyn, loTivity, Weave, Homekit)

4th Generation SCADA: Embracing loT

Some SCADA/Visualization technologies have a prgjigno play outside the traditional SCADA / prosedntrol arena,
and have been doing so for a while. With the natehich connected devices are gathering, excharagidganalyzing data,
the need for interoperability and information tpaauency has grown. Certain progressive, and haedagnostic, ISV's
have always embraced this need and now nativelpastikey Industrial Internet of Things (lloT) prats. Their
platforms are able to fulfil the role of a macredécontrol and analytical toolset that can uniite KT and OT. Supervisory
control and security are not sacrificed but emble#d within existing infrastructure.

SCADA vs. 0TIt is these tools that can and will act as setwifeGateways (or Message Oriented Middleware (MQM))
to seamlessly unite edge devices (possibly muki-$into single analytical view-of-the-world. Reraatonfiguration, open
and secure connectivity methods such as REST, M@MQP and OPC UA Pub Sub are the key to fueling therged
IoT architecture. One of the most apt, yet rudiragntquestion(s) anyone wanting to bi-directionadigntrol their
equipment via the 10T must ask, is, therefore “aamin the near future will, my current control &% platform support
open loT protocols and run natively in the Clouithaut the need for a Virtual Machine (VM) enviroant?”

To drive rapid adoption and standardizing the enécosystem of 10T, the importance of sensors awdegul edge
devices was emphasized at the 201tdrnet of Things World ForurfitoTWF) in Chicago with the introduction ofseven-
levelloT Reference ModelThe model was developed by tledWFE Steering Committeavhich includes Intel, Rockwell
Automation and Schneider-Electric. The lowest lawviethe reference model consists of physical devixed controllers,
and includes sensors, devices, machines and otfediigent nodes.
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loT World Forum loT Reference Model
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The heterogeneous nature of the factory of therdupaves the way for these additional 10T platfotheag can truly unite
and manage the disparate nature of the industgahtlecosystem. After all, interoperability, imfoation transparency and
decentralized decisions are three of the four agsitciples that underpin Industry 4i8erman et al, 2016

« Interoperability - The ability of machines, devices, sensors, ampfe to connect and communicate with each other

via the Internet of Things (loT)

» Information Transparency - The ability of information systems to create auat copy of the physical world by
enriching digital plant models with sensor dataisTrequires the aggregation of raw sensor dataighehvalue
context information.

* Technical Assistance- First, the ability of assistance systems to swppumans by aggregating and visualizing
information comprehensibly for making informed dgens and solving urgent problems on short noieeond, the
ability of cyber-physical systems to physically pag humans by conducting a range of tasks thatiapéeasant, too
exhausting, or unsafe for their human co-workers.

¢ Decentralized Decisions The ability of cyber-physical systems to make siecis on their own and to perform their
tasks as autonomous as possible. Only in casecepégrns, interferences, or conflicting goals, saste delegated to a
higher level.

The 'What Ifs'?

These common trending ‘what if hypotheses whicivelr the adaption and adoption of 10T in the emgstparadigm of
SCADA. What if we could...?

» Unite disparate SCADA systems (vendors, versiomspaatocols)?

¢ Collect exposed data via web services and |oT comiration protocols whilst controlling our processgrely in
real-time?

« Bi-directionally control a variety of cost-effecéiioT devices via a secure loT Gateway?

« Provision loT devices and deliver software updatesotely

e Tap into unconnected or ignored energy data sittinige field or database?

*  Apply complex business logic and predictive maiatare algorithms to our operational data and asg#tsut
investing in expensive analytical alternatives tiegjuire huge data lakes

» Filter inconsequential and subordinate alarms aamodtiple alarm servers, devices and systems?

* Run post-filtered data, from analytics at the edig®, organization (s) r cloud-based control system

Conclusion

Digitization is bringing about changes in the waganufacturers operate. For over 20 years, the ‘Rumiodel’ of
Computer Integrated Manufacturing has ruled effetyi as the foundation of how manufacturing systamesarchitected,
designed and implemented. Its hierarchical, momgliand isolated model is slowly shifting as a peepeer model of
collaboration, interchange and co-existent via ItE opens up. IOT enhances SCADA into the new wafl(SMAC,
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leverages the power of big data and breaks dowbdhgers between the decision management systedhtha machines.
IOT brings SCADA a lot closer to the business ralee and goes beyond mere efficiencies.
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Industry 4.0: the fourth industrial revolution — guide to Industrie 4.0: Industry 4.0 is the digital transformation of
industrial markets (industrial transformation) wihnart manufacturing currently on the forefrontidstry 4.0 represents
the so-called fourth industrial revolution in dist and process manufacturing, logistics and sughmyn (Logistics 4.0),
the chemical industry, energy (Energy 4.0), transpion, utilities, oil and gas, mining and metalsd other segments,
including resources industries, healthcare, phamntbeven smart citiebttps://www.i-scoop.eu/industry-4-0/

Industry 4.0 - advantages engineering executives ica ignore: In an era where interdisciplinary teams are beogmi
more and more important to the integrated desighraanufacturing model, Industry 4.0 holds the psaf the ultimate

in teamwork across functional boundaries betweesigde procurement, manufacturing, and post-saleicger The so-

called “Nine Pillars of Technological Advancementotm the framework of Industry 4.0, coming togethe automate,

integrate, and optimize manufacturing technologhat\are the “Nine Pillars”? Here they ainéips://autode.sk/2lYUEOQZ

Industry 4.0 as an evolution, not a revolution:Industry 4.0 is the way forward for manufacturigterprises looking to
future-proof their businesses. Enterprises willedexate adoption at scale and fully realize theefiemby understanding
fundamental business needs and implementationsstegyan evolution with increasing value add. Taort explains the
logical phases leaders should consider before ddnigaon their Industry 4.0 journey and help imprdte current low
rate of successful full scale adoptitiips://infy.com/2X76VwN

Industry 4.0: Definition, Design Principles, Challeges, and the Future of Employmentindustry 4.0 is a term often
used to refer to the developmental process in theagement of manufacturing and chain productiom.t€hm also refers
to the fourth industrial revolution.The term Indys4.0 was first publicly introduced in 2011 asdirstrie 4.0” by a group
of representatives from different fields (such asibess, politics, and academia) under an inigattivenhance the German
competitiveness in the manufacturing industry. Geegman federal government adopted the idea inigh-fiech Strategy
for 2020. Subsequently, a Working Group was formeefiirther advise on the implementation of Indugti§. More at
https://www.cleverism.com/industry-4-0/

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 88




The world of NDT transitioning from Analog to Digital

Mr. C.P. Madhusudan
Entrepreneur and Business Head
Director of Lucid Software Ltd

madhu@Ilucidindia.com

What is NDT?

In the current competitive environment, quality pybduction and residual life of assets is of panamhdnterest to the
consumer. There is a growing awareness regardmgekd for test solutions that aid in identifyirefetts or provide an
early warning method to help avoid significantlyvacse consequences. This has resulted in an imgeasarket

awareness, acceptance and adoption of a breedotiamieal test techniques known as Nondestructiwtifige (NDT).

Also known as Nondestructive Evaluation (NDE), NBfers to the method of examining materials and prmments in
order to identify and quantify defects and degradatin material properties before they resultitufe.

The aim of the NDT is to ensure the safe utilizatad engineering structures, as well as to ensypiogluct quality and
performance upon production. As the name suggessim is to evaluate defects in objects withautitg to physically
break them up and test them. NDT is used to:

* To determine the quality and integrity of the systecomponents
e To monitor/ control manufacturing process

e To assess residual life of components

e To ensure safe and secure operation of infrastreictod assets

NDT encompasses a host of non-invasive measureieamiques including ultrasonic, radiography, emoiagnetics etc,
and draws its origin from a number of other arefsnan-invasive measurement including medicine, ggsjcal
prospecting, sonar and radar envelops a group mima@sive mechanical procedures. The final useiI systems are
the production/maintenance departments of large

» Energy utilities (Thermal, Nuclear Power Plants)

» Transportation Industry (Railways, Aviation)

» Manufacturing Companies (Product - Automobile) oderss —Fertilizer)
e Oil & Gas (Pipelines, Oil Rigs)

INDT/NDE Rroduction INDT/NDE Maintanance

Compaostite Material

Mettalic Material

? Eddy Current

Laser Ultrasonics H-Ray

Uhtrasourd Air Coupied Ultrasound |

Infrared Thermography

Shearography

Fig 1 The boxes in yellow signify the NDT techngjue
The ovals in green signify the type of defects ¢batd appear
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NDT Today

The Nondestructive Testing (NDT) industry is traiesiing from the analog world to the brave new @ibworld. Industry
trends such as digitization of equipment, greaseraf automation and rapid development of new tigci®s point towards
greater use of information technology (IT). Witltieasing sophistication of NDT techniques and egsipt - software is
becoming the focus of development.

With the focus expanding from just qualitative iasfon, to inclusion of quantitative NDT methodse heed to monitor
the number of times a defect appears, and stoseirtformation has resulted in the need to develamewa breed of
equipment that promote digital storage and trarsomnisof data. The influence of computers in thigkaeg to improve
instrumentation has been paramount. The abilitinterface recordings from the NDT equipment eitteiits onboard
computer or to a separate industrial computer baslted in the capability to store large volumedest records. The
industry continues to evolve. At the onset, all thealog applications were directly translated taiiil and no major
conceptual changes were made. Currently the industbecoming more Software driven as the powethef digital

revolution drives further innovation.

o .-#;ﬁ |

GPR

Modalities

|23
-> :Hw&rﬁx Fawa
i \,«‘-'I

lmpac{: Ec ho

Radiography

Fig 2 Images from some techniques developed omlIsu€ovid software platform
(the only multi modal software platform in the isthy)

This transition can be understood through the dwmiun X ray testing and ultrasound inspection ethare two of the
most widely practised techniques in NDT.

In Radiography, there has been a growing trend rdsvaeal time and digital based equipment thataeplfiim, by
introducing digital systems. Furthermore, the intign of techniques such as computed tomograpfy {@o NDT has
started producing results. CT is very importantAdditive Manufacturing

Fig 3 *Film Radiography (Left) Digital Radiograph{Right)

The increasing use of digital radiography lendsliitaicely to automation or semi automation of gee. This is referred
to in industry speak as Assisted or Automated Ddbmtection. Almost all of the inspection data aceg is analysed by
trained technicians and this is the opportunitylleinge in the new world of digital imaging. The Aspace industry is a
good example to understand this situation. The strgjuhas very high quality standards and has adoptitvanced
manufacturing practices which has brought downctija rates to the order of 1% or lower. Yes, mafyhese parts
require 100% inspection (welds for example) angécsors have to trawl through 100% of the datalémiify the bad 1%.
Further the use of Digital Radiography has enstiatithe images produced are of a consistent diadble=nature which
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makes it feasible for an algorithm to interpret. d¥idigital x ray images are available as Tiff oc@ide formats which
eliminates the data compatibility issue. ADR innturas opened up avenues for Artificial Intelligerf{éd) & Machine
Learning (ML)

The world of Ultrasound (UT) presents greater @majes and possibly greater rewards as well. Timg tiigat is slowly

coming to the fore is the development of specidliapplications for inspection of welds, corrosioapping etc. The
medical industry for e.g. has moved to specialidegtices as in UT device for a cardiologist or UTvide for a

gynaecologist. The NDE industry teams has largegdwyeneral purpose machines and depended mahe tnaining and
skill of the inspectors for the diagnosis. The #igantly greater data volumes and complexity afhteologies such as
advances in Phased Array are leading to a shify dmean general purpose machines.

Fig 4 Analog UT (Left) Digital Ultrasound (Righ
NDT in Asset Integrity Management

NDT inspections are utilized throughout a facilay products’ lifecycle. This cradle-to-grave approds an important
element of asset integrity manageménirthermore, NDT inspections provide historicaladabout the facility’s process
units and provide information on how often a congunshould be inspected, repaired, or replacegebi®n intervals
and tests may be changed depending on where theneent is in its lifecycle (e.g. newly manufacturequipment vs.
aging equipment). Performing multiple assessmdmtsughout the equipment’s lifecycle may seem expensiowever,
inspections conducted at specific intervals may @maaving an organization millions of dollarsakting reveals threats
and equipment is repaired before shutting dowrfdbiity or experiencing a catastrophic failure. ¥hplanning an NDT
inspection, there are four considerations one shactount for:

1. The type of damage mechanism to be inspected for

2. The minimum detectable flaw size, shape, and atent of the defect
3. Where the defect is located (surface or internal)

4. The sensitivities and limitations of the NDT method

With the above factors considered, operators caim@e facility production and increase personnad @&nvironmental
safety.

. Retirement

. OpEI'EltiGﬂ + Inspection of

virlnerable parts

s Inspection in defined » Verification of models
periods + Improve test methods
‘Cuns’rrm:h{m f;:‘;ﬁ“;‘;’?;ﬂmem
+ Develop QC « Monitor and provide
swsbiem alerts
o Tistablich test = Provide strategy for
mithods maintensnes
'Plaﬂnin  Crente Base line
g ilata
« Degign lor » Benchmark data
testing
» Plan sensor
integiation

Fig, 5 Role of NDT in various stages of life cytlanagement of an asset
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The Future of NDT

\

With the industry driving towards digital NDT tedhnes there comes a need for better storage of@&iad), automation
of inspections (Automatic Defect Recognition), AldaRobotics to make NDT easier for users and custemlike. Cloud
services for NDT data will enhance and simplify #sechange of data between the inspectors perforthiagest and
auditors that are taking decisions based on thdtseshown by the inspector. Access to informafiom remote sites and
instantaneous decision making to rectify/rejectpproduced, or infrastructure will increase thaliy standards, reduce
costs and minimize safety concerns. It will alscelsier to pull up history of a job to check thantenance requirements
for any authorized personnel.

Fig 6 — NDT on the Cloud

Production cycles are getting shorter and shortdrthe market is calling for faster Ramp-up tiniBEise development of
Automated Defect Recognition (ADR) systems, whielhedt errors automatically after a human did a ammept-specific
parameterization is in the forefront. This will te@ the time taken to complete Inspections andygetmore accurate
indications without the human error to account f@BDR is starting to be featured in high criticakas with positive
feedback and a recognition rate of about 90% bee®n. Through the combination of robotics, 3D senand image
registration a high positioning repeatability cam &chieved without additional components. This esyswill now be

combined with the new Al solutions, reducing thepaup process from several days to a few hours.

There are several new opportunities in testingea¥ materials in both traditional and non-traditioN®T applications. As
we move to faster and more complex productionsath@ncements in NDT will follow.

Another stride being taken towards the future isTNBspection through Unmanned Aerial Vehicles (UAs drones.
The drone-based NDT inspections provides a widgeari possibilities that take advantage of the titglof the drone as
well as the non-destructive nature of the testenBs also are extremely flexible and can be fittétl different types of
pay loads that can perform multiple NDT inspectignsng comprehensive data of a wide variety. They also able to
access hard to reach and hazardous locationsekdtto be inspected. Data can be collected remuigtythe inspector
positioned at a safe distance. For e,g, these ¢astéelp the oil and gas companies to identifedsfand reduce the rate
of failures and unplanned shutdowns.

The future of NDT is digital, robotic and automatic
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Abstract

The installation of solar panels is now being dagyout not only in cities, but also in rural anackward regions all over
the world, especially in India. The aim is to asleigural electrification in a self-contained manimeremote areas, which
may or may not have access to the grid. In thiged, it becomes very important to ensure thatk&lled solar panels
last for the number of years they have been dewsigfar, typically 25 to 30 years. For solar pareshinology to be an
economically viable alternative for conventionagadticity, it is essential that they last at leiss long. However,

inclement weather, pollution, unevenly distribui#édmination, high humidity and widely varying tematures can all
have a deleterious effect on solar cells. In g@per, solar panel degradation and its causesiscasded, as it is the
important topic of interest.

Introduction

The solar power industry is seeing a massive expams India. The amount of power generated frotarsmcreased from
2,650 MW during the middle of 2014 to over 22 GWoashy the end of 2018, which is an eightfold ims®in four years.
In fact, India has achieved the 20 GW mark in 2G@8r years ahead of the originally envisaged plah.[2] Two of the
reasons for this is that the efficiency of soldisckas seen major improvement, their mass produictapacities have been
enhanced and therefore solar cell technology hesrbe much more cost effective.

Solar technology has evolved over the last 3 des;aatelaboratory basedlegradation analysis reports for the early solar
panels are available from the 1970s. However, itselarge scale PV solar modules were only insthlipproximately 25
years ago. Therefore, there are relatively feweslipations on field modules and their degradati@itgrns over the
complete lifetimeof the solar cells. This, coupled with the difieréypes of solar cell technologies coming up ie th
market, makes it rather difficult to come up with astimate of the best technological choice, vigsalongevity and
performance. However, this article is an attempptesent to even the lay readers the differentr s technologies
available, followed by the parameters, which shooéd keep in mind, when investing in solar cell tembgy. It is
important to note that we are seeing an exponegtiawth in solar cell R & D, and therefore, many thé issues
highlighted in this article may be resolved in tfext few years, as the technology matures further.

The solar panel performance is acceptable if thar gmnel is giving at least 80 % of the rated autpf the output falls
below this, it is considered to be degraded, andtmarranties from the solar cell companies wiNeawthe period of 25
years of operation at 80 % output. However, acogrdo an US report, reclaiming warranties in thergwof solar panel
failure has proved to be tricky in the past, beeammny of the small-scale solar panel manufactuser® not able to
sustain their business and filed for bankruptcyveen 2007 and 2012. Naturally, it becomes almopbssible to reclaim
damages from a company after liquidation. Therefiiress recommended to install solar panels froputed companies.
Luckily, present field based studies on crystallotar cells have shown that more than 70 % oftiiar panels last their
full lifetime.

The solar cells, which were install three decadebeg, were based on crystalline silicon. Siliasas the original material
used to manufacture solar panels. In the last themades, many other materials based on the pbotadeleffect have
been develop for solar cell technology. The tablEB]lgives an overview of the various solar celthtrologies being
researched at present. Along with the type of do@riologies, it also shows the typical values efrthields. The highest
efficiency is that of the monocrystalline solarlseSilicon mono-crystals are grown by the Czoakigbrocess, and sliced
into thin wafers. They are then chemically etchedjected to diffusion, metal contact depositiod given antireflection
coatings. These cells, despite having the highiedtls; are much more difficult to manufacture inkhwand hence the
polycrystalline solar cells are used in most sgianels today. The polycrystalline silicon cells sish of multiple small
silicon crystals. It is obtained by solidifyingade block of molten silicon to orient crystalsaifixed direction. This block
is then sliced into wafers and used to create ther sells. Their yield is 4 to 5 % lower than mongstalline solar cells,
but the ease of manufacture offsets this dementodhous silicon material, used in thin film sotatls, has a disordered
structure and even though the manufacturing presesse cheap, their efficiency, as shown in tabie fnuch lower than
crystalline silicon. This material can only be useahin films.

The Cadmium Telluride (CdTe) thin film solar celiee cheaper and easier to manufacture than sitietis, and have a
high conversion efficiency of around 20 %, but aestricted by their toxicity and the resultant nded responsible

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 93




disposal. Cadmium is a suspected carcinogen anénaiady poisonous for humans and animals. Comnilcibe 20%
conversion efficiency of CdTe cells is possiblediexe they have an ideal band gap of 1.45 eV. Hawgvain boundary
defects in the thin films can affect the movemdnnimority charge carriers and decrease the efficyeof the solar cells.

CIS and CIGS also belong to the category of thim fechnologies, and show a lot of promise. Theyaiso reported to be
more robust than many other thin film technologi@sd do not degrade easily. However, the presehdkeoelement
Indium, which is hard to find, may restrict the masoduction of these material. Further, the rafest and resistance to
degradation of thin film technologies when subjedthe elements are still a matter of research.

Gallium Arsenide solar cells have a structure simib silicon, and are lightweight. They have aedirband gap as
opposed to the indirect band gap of silicon, whictables efficiency in light absorption and emissibhey also have
better tolerance towards high temperatures, ancegpected to replace silicon technology in conagatt solar power
applications. However, they are more expensivedaufacture. It is envisaged that this might bearekkent material for
space application where, performance, not co$ieictiteria.

Organic solar cells are bio-degradable and andstarg option, however the current low efficiengmehibit their use in
commercial solar panels. Nano wires based solatesginology is still very much in the research émyet it is touted
as the solar panel choice of the future. This tabee the theoretical limits to a silicon solaf efficiency is around 28 %,
and as can be seen from table one, the solar tlegjynof today is already hovering around 25 %.sltekpected that
nanomaterials would push the boundaries of the mmaixi solar cell efficiency further. However, untiig happens, it is
clear that silicon based solar technology, whichrently account for more than 80 % of the solarasfructure today, will
continue to be the first choice of consumers.

Table 1.Various Solar Cells and its efficiency [3].

Solar Cell Type Commercial Conversion efficiency %
Monocrystalline silicon cells 25+0.5

Polycrystalline silicon cells 20.4+£0.5

Amorphous silicon cells 10.1+0.3

Cadmium Telluride cells (CdTe) 18.3+ 0.5

Gallium Arsenide (GaAs)

Copper, Selenium and Indium cells (CIS) 19.3

Copper Indium, Gallium and Selenium cells (CI@ 19.6 + 0.6

Organic solar cells (thin-film) 10.+0.3

Nanowires based solar cells 13.8

The basic structure of the solar panel is showrigire 1. It consists of the solar cells coveredilpolymer encapsulated.
The front is covered by tempered glass bordered fogme, and the back has a back sheet connecteitation box. The
solar cells consist of photovoltaic cells and dmdadgth interconnects in series or parallel. Theapsalated is usually
ethylene vinyl acetate (EVA) or a clear silicondeTback sheet is usually composed of a stiff naltstich as Tedlar. The
glass front cover is often coated with Transpa@onductive Oxides (TCOs) to enhance the solar ralysorption onto the
cell. Each of these components are subject to Hi®ws environmental stresses, primarily UV radiati humidity,
mechanical erosion and temperature. Listed belevtla® most common forms of degradation of the sptarel. The
defects generated due to degradation tend to resukduced module output, safety issues and saomastiresult in
complete failure before the full lifetime of thelaocell.

The various types of degradation for solar cell mlesd are broadly listed as [5] :

Degradation due to moisture intrusion

Moisture intrusion into solar panels can causes bbissues. It can lead to chemical reaction WithEVA encapsulated
under UV light and high temperatures, leading sftihrmation of acetic acid. The acetic acid carseahe discoloration of
the encapsulated. The color changes to yellow aralyf brown. The uneven distribution of this ditmation leads to
partial shading of the solar cells. This can besptitlly hazardous because it can cause the cédéiruhe shaded region to
go into reverse bias, creating a high resistangéome The dissipation of heat here gives rise tb $pots, which can
damage the functioning of the cell. The acetic dsidlf can also corrode the solar cell materiahnyl manufacturers, in
their haste to reduce the cost of the solar cet| tend to use cheap polymers, which tend to dbswoisture easily, and
lead to higher risk of long-term failure. It hassheaeported that the only way to reduce moistureision is to have a layer
of desiccants at the interface between the gladsttam frame. Some papers have reported bettertseshen EVA is
replaced by clear silicone, which also has the barfthaving better spectrum of light transmissiéh.[
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Figure 1. Components of the solar panel [4].

Degradation of packaging materials

Cracks in the glass can occur, especially duriagsportation and setting up of the solar panel. Bdek sheet, made of
TEDLAR, has a possibility of getting warped andcdisred. However, these are comparatively rare rwenaes as

compared to the encapsulated browning. While buymits, do check if the glass covering of the saokdt panel is made
of tempered glass. Tempered glass is more likehetable to withstand harsh weather conditionddiog periods without

damage, and is highly recommended.

Loss of adhesion of the solar panel encapsulant

Loss of adhesion or delamination of the encapstilmtttoduces air pockets within the structure. Thas two-fold effect; it

helps moisture entry into the panel, and creatgsaage in the refractive index, which reduces theunt of light into the

solar cell, thus affecting the electrical performarand electrical safety of the solar panel. A repo the degradation
modes of a set of solar panels from China listddrdmation as the single most important cause gfattation. However,

well-manufactured solar panels attend to the latiinaaspect, and silicone technology is one, widiah be layered on top
of the solar cell, leading to better adhesion.

Degradation of cell/module interconnects because tfermo-mechanical fatigue

Solar cell assemblies have silver bus bars conddoteopper strips, via various automated or sexmiemated soldering
technologies. These solders act as mechanical sgppeat dissipation path and electrical intereatmon the solar panel.
Some amount of residual stress remains in the esatdi joint due to the manufacturing processes, farttier stress can
occur due to thermal cycling tests carried outt@nrhodule, as well as high temperature regions.cokéicient of thermal
expansion of the silicon substrate is differentfrthose of the metals, and hence when these pareelsubjected to wide
changes in temperatures, thermo-mechanical indnoadinear deformation of these interconnects issge, which over
time can build up cumulatively, causing failure.

Degradation of semiconductor device

The photovoltaic cell itself is least likely to falue to manufacturing defects, as this is the parthe panel which

manufacturers are most concerned about. Howevaerty wiahe solar cells, which were installed 20+rgego, had thicker
semiconductor. Enhancement in efficiencies haveemmadnufacturers cut down on the thickness of thstaltine solar

cells. The resistance of thin film solar cells undelverse atmospheric conditions are still a matferesearch. It is
expected that materials such as gallium arsenibdEhaas more improved material properties as coetp# silicon, may
perform well in thin film form as well. Field stugh after some more years are expected to sheddigkte particular
challenges of thin film solar cell technology. Ahet form of degradation related to the semicondutéwice is Potential
Induced Degradation (PID), which actually affedie encapsulated. This is caused due to the voitdigeence between
the series solar cells, which creates electricssteeross the encapsulated material. Once aganinifportant to use an
encapsulated, which can withstand long-term lowell@¥ electric stress.

Erosion of front glass coating

The front glass can be coated with grime and doistl droppings etc. It also takes the brunt of re®r rain and
atmospheric pollution. All this can cause the Tpament Conductor (TCO) coating to erode. This lenbe efficiency of
the solar cell by reducing the amount of light absd into the glass. Current solar cell modulesehapecial UV
protection enabled glass and encapsulated, whizhlaglbe checked. Regular cleaning of the glassldHmiinitiated, and
special attention should be given to the instaltatf the panel so that partial shading of the pdoe to surrounding
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structures does not occur. It is important thatfteene should also be airtight, so that moisturesdaot seep in and cause
damage.

After becoming familiar with the common causes ef§hdation, let us look at a couple of the studidsch assess the
severity of each of these modes in real life stdighe Figure 3 displays a survey in China, whadké at the percentage
of each degradation mode present in the solar meltules. It shows that delamination and discoloratof the
encapsulated together constitute 54 % of the detjoad Another study, which looks at the causefaibfire in 1865 solar
modules in Arizona, USA, showed that the primaryisea of solar panel failure is due to browning ofasganel
encapsulation.

Figure 2. Silicon PV modules: representative ofrddgtion modes in 2012 [5].
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Figure 3. American solar cell degradation modes, [8].

Finally, a list of the various modes of solar a#bradation is reported in Figure 4, along withrthespective percentages.
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Figure 4. Solar cell degradation reported statistic

The percentage of various degradation modes reportiéerature [3]
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Conclusion

From these studies, it can be seen that the teotical challenges at present are centered mostltherencapsulated,
which is the cheapest part of the solar panel. Eivengh EVA is the most prevalent encapsulatetiénsblar panel market
today, it is highly recommended to transition tsilicone based encapsulated. By paying a littleraiton to the quality of
the components of the solar panel system, ratlaer timly their electrical specifications and costs, can make a more
judicious choice for our 25-year investment in feeel renewable solar energy.
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Abstract:

The modelling of Solar Photovoltaic (PV) plays amportant task in the calculation of the predictgtbever from a solar
PV module. The precise modelling of Solar PV i®@idus task since certain parameters are not givéfanufacturer’s

datasheet. These unknown parameters such as ditgtation current ), shunt resistance (R series resistance JR

ideality factor (a), and Photo generated curreg) ére used to estimate the electrical charactesistom the Solar PV
under different conditions of temperature and iade. Intelligent Algorithms have employed to apie the unknown
parameters in the Solar PV Module under differenirenmental conditions.

Introduction:

The exhausting nature of non-renewable energy ssunas driven the world into the energy crisis.aAsoutcome, the
practice of renewable energy sources like solandwand tidal are providing a better solution foe fproblem [1]-[2].
Among the renewable energy sources, solar energydeatified as favourite due to inexhaustibiliggn-polluting nature,
and maintenance free. Most solar cells are manufedtusing crystalline silicon; it can be able twert 14-20% of
sunlight into electricity. The correct modelling sélar PV Module is required before the hardwarplémentation part.
The worldwide researchers found that MATLAB and R3Pis appropriate software for solar PV modell[8§ A Solar
PV manufacturers have given inadequate model paeasnsuch as open circuit voltage,{Vy short circuit current {J),the
voltage at maximum power point g, and current at maximum power poiptfl Current temperature coefficient,
Voltage temperature coefficient. For modelling 8wdar panel using single diode model, the modehmaters such as
shunt resistance (R, series resistance {Rideality factor (a), diode saturation curren),(Photo generated current(lph)
are mandatory. However, these parameters are vt gi manufacturer’'s datasheets. The calculaifqrecise values of
model parameters is crucial owing to nonlineanityhie PV characteristics [4]-[6]. Initially, Conw@mal Techniques such
as Gauss Seidel and Newton Raphson method haveebg@nyed for parameters optimization. Howevers¢hmethods
are tedious and time consuming [7]-[8]. Hence, m®ring the above facts, intelligent algorithmstsas Particle Swarm
optimization, bacterial foraging algorithm, and el other algorithms have been applied recentlyxtoact the unknown
parameters.

Basic Elements of Solar PV Modelling:

———— |
* +
R,
Ip:
Ipy R, v

Figure 1. Single diode solar cell model

The single diode PV cell consists of a current seuslong with an anti-parallel diode, series rasis¢, and shunt
resistance. The Equivalent circuit defines therenttl curve of a PV Cell, Module or an Array asuaction of operating
conditions. The Operating Conditions implies Ireadie and Temperature. A precise model predictsvthecurve as

accurate as a real time graph at a particular p&hbort circuit current and Maximum Power Point ®)Pof the PV

modules varies linearly with solar irradianceEne open-circuit voltage and MPP point of the PVdme will vary

according to temperature changes. The values aflpeand series resistance are an important faotéik the MPP point
of the PV module.
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Advantages of Intelligent Algorithmscompared to the conventional techniques:
The solar PV Module unknown parameters are extrsiog various Intelligent Algorithms.

Computation Time: The intelligent algorithms have taken less timeathieve the convergence point compared to the
conventional techniques such as Gauss Seidel amtbNd&raphson Method.

Accuracy: The convergence accuracy is high in intelligegbathms compared to conventional techniques.

Iterations: The number of iterations to reach the optimum pantery less in Intelligent Algorithms comparedtte
conventional techniques.

Local optima: The problem of local optimum is lesser in intelhg@lgorithms due to random search.
Error: The percent error is lesser in Intelligent Algomith compared to conventional techniques.

Numerous intelligent algorithms in literature haxied to extract exact PV parameters since the em@nce to the global
optimum has not been assured with these technidineseby, in recent years, an additional conceph s hybrid bee
pollinator, predator-prey is incorporated with #rdsting intelligent algorithms to optimize the unokvn parameters with
global optimum conditions.

Conclusion

This paper provides a wide observation towardsaathentages of accurate solar PV modelling befagartstallation part.
It has been attained with the help of intelligelgbaithms, which optimize the unknown parameterthimmsolar PV module
with high accuracy and convergence speed, withobtaptimal traps. These parameters decide the rduared voltage
from the solar PV module under different environtaénonditions.
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Introduction

Water quality depends on various climatic factand aariation of water quality can be observed dusdason change.
Water parameters such as pH, dissolved oxygen,aepe are the basic water features and thoserésaheed to be
monitored in real — time for various water applicas such as agriculture, fishery and aquacultaset water applications
[1,2,3]. Water quality monitoring is an essentiabd for the human being. Fog computing is a paandioT based system
framework and the goal of this fog computing isgenerate a notification in real-time. Fog enabled platform can
analyse sensor generated data in real-time andccaseget a notification about the condition of Weter system [5]. Water
quality monitoring comprises of several case swdied based on those applications sensing of \savi@ter parameters
may vary. Here, we have highlighted two specifisecatudies such as drinking water quality monitpand fishery based
water quality analysis under fog computing enviremth Fog computing comprises the computation ancisibe
generation using smart fog devices. Fog devicedsreept of an intelligent computation platform,em sensed data can
be computed and based on data computation noitficatan be generated.

loT Based System Architecture

Figure 1 describes the fog computing based |oT dmaank for water quality monitoring. The fog commgiframework
consists of three layers such as sensing layerpatation layer and cloud layer [4].

Sensing Layer

Sensing layer consists of several sensor nodegactl sensor node is composed of several senstaisactuisition unit
and communication module.

Fog Layer
Fog layer is composed of several gateway devicash [gateway device performs data acquisition frenssr nodes and
performs data analysis inside each gateway device.

Cloud Layer
Cloud layer performs data analysis and generateiside report for each of the individual sensor emdCloud layer is the

upper layer of the computation platform and clowintains a large sensor based database for perfgorngind analysis on
those acquired features.

The Need for Real-Time Water Quality Analysis for Dinking Water and Fish Water

Water quality depends on various water parameteris as temperature, dissolved oxygen, pH valuecanductivity of a
water body. The main challenge in agriculture aisdipulture system is that to identify a propergesaf a particular water
body and which is suitable for a particular croprfang and pisciculture breeding respectively.

Global data communication

Globaldata
‘commumication
Data

Data / Data \ HaE 2 W, communication

Water szple 1 Watsrsampls 2 Wter sampls 1 Water sample n

Figure 1. Fog Computing based System Framework
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Another main challenge of water quality monitoriisgthat, if unwanted solid compounds get dissolaed particular
region of a water body, there is a possibility cdter pollution due to those elements. If pollutmecurs at a particular
position of a water body, it can spread over thigdaarea of the water body and this can affectitbecycle of aquatic
organisms. In rural areas due to water pollutiankiing water resources get polluted and this paiutan’t be identified
by human beings. Real-time fog device based natiia generation can detect water pollution anc: ghe life of aquatic
organisms.

IoT nodes can perform data acquisition from différpositions of the water body and collect varidestures such as
temperature, humidity, pH, dissolved oxygen anddoetivity. The collected data in real-time is semthe fog device for
monitoring the water system’s condition. Each fayide is connected to a cloud platform and sents ofaa particular
region of the water body to the cloud platform ferforming data analysis. Cloud platform can geteesizsseasonal trend of
water quality, based on data analysis. This seasemal will help to predict the condition of theater system and to take a
right decision based on seasonal changes. In @ntraloud based analysis the real-time monitoahthe water system
using the handheld fog device helps the authasitake a decision in real-time.

Fog inspired loT system has various applicatiomsusich as agriculture based applications, heailtfbdsed applications,
smart farming based applications etc. Here, wecaneentrating about fog inspired water quality nbanimg for drinking
water quality analysis and fishery based wateritjuahalysis.

The Data Processing and Analytics in Fog and ClouBnd
Generated sensor data from different sensor nag@socessed inside the fog device and inside thedcplatform to
generate a decision. Fog device performs real-tiate analysis and cloud performs trend analysisan stored dataset.

Fog Based Data Analysis

To incorporate the intelligence inside a fog dewackearning model is built within the fog devicéheldevice learning is
performed in two steps such as learning model mgldnd the verification of that model using seVer&nown test cases.
The performance metrics such as test case accigamyted for each of the verification phases. Basedhose noted
accuracy the modification and tuning of variousméag parameters are performed. Here, we have itbescthe concept of
handheld fog devices for drinking water quality ntoring and for fishery based applications respetyi. The device
verification phase can be performed by a groupxpledise people of that particular field. Basedtba consent of the
expertise group the learning model can be modified.

Cloud Based Data Analysis

Cloud based data analysis is also known as globtd dnalysis. Global data analysis is performeiiénshe cloud
platform, where data from different fog nodes dorex] and analysed for report generation. Figulegtribes cloud based
sensor database which contains 10T node ID, Sdbsdog node ID, Local Timestamp, Global Timestaaq Latitude
and Longitude of the deployed 10T node. Cloud batsd analysis is required for the field of moriiigrof a large water
body. Inside the cloud platform as data from défarfog nodes can be gathered and cloud end datgsenmodel can
generate a decision report for each of the loT adiesed on their locations with respect to a pdaticfog node. From
cloud end data analysis user can get a view ofviiter system for each of the locations of the whadbely.

Applications in Daily life
Fog computing based system can be used in varfplEations such as fruit quality monitoring, watgrality monitoring,
smart farming based applications etc.

Drinking Water Quality Monitoring Based Application
Drinking water is an essential element in our dhiéyand monitoring of drinking water quality issa an important aspect
in our dalily life.

= Data_Packet
4 ——

Figure 2: Fog Computing Based Drinking Water Apation
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We have proposed an IoT based intelligent systemghacan predict the probable usage of a water kaenl can predict
whether that water sample can be used in drinkimggse or not. Figure 2 describes the concept odliield device for

drinking water quality analysis. The handheld deviintelligent enough to decide whether a paldicwater sample can
be used as drinking water purpose or not.

Fishery Based Applications

Water quality monitoring is an essential thing &mro based communities. In pisciculture water gqgafionitoring is the
most essential need. We have devised an 10T basdligent system which can decide the kind of feshming suited for a
given water body. Here, we have proposed a comaeppen hardware based handheld device, which eafiorpn data
analysis in real-time. With the help of the handha#vice, shown in Figure 3, user can decide whelieewater body is
suitable for a specific type of fish breeding ot.ndarious fishery based applications such as taeeding and prawn
breeding depend on the quality of a water sampiiecan fog device can help on such decisions.

Quality Monitoring of Fruits

Gas sensing based fruit quality monitoring can éxgomed using a handheld fog device. Fruit quatiynitoring can help

to detect the quality of a food and how much pésishable. This real-time fruit quality detecticemn reduce the wastage
of fruits.

Data
Communication EH
/ .Xommunmmn

Figure 3: Fog Computing Based fishery Application

IoT Based End to End Security Model

loT based system is composed of several 10T nodéday nodes and each node performs data commiamidagtween

them. IoT based End to End security comprises éeaighentication, end to end data encryption ukgigweight data

encryption and data integrity based model designpé&rform data communication between each of tienades and a
specific fog node, each 10T node must be authdsticep the fog node. The legitimate 0T node arglrfode can perform
data communication between them. To authenticate efithe 10T nodes and fog node lightweight dexda¢hentication

approach can be used. The data packets generatathyof the 10T nodes are encrypted using dateygtan technique

and is sent to the fog node. The concept behindldt@ encryption is that only legitimate fog nodas decrypt the data
packet and that data packet is saved inside theddgs for performing data analysis. Inside therfodes the integrity of
that data packet is maintained.

4 SR I !
| ot Eation
Sensor InT Fog Latitude
1Im node ID | I Tim e Stamp Longitude
I
Senser Dala  Sensor Dl IeT Fuog Local =lobal Latibude
11IC I node I Tfode TimeSiamp Timestamp Longiude
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Figure 4: Cloud Based Data Analysis
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Conclusion

Our objective is to incorporate big data based adation inside a small fog device. Here, we havecdbed the concept
of a fog device for two applications such as dmgkivater quality analysis and fishery based apitina. In future our
plan is to build cloud based trend analysis modshgi large datasets. The cloud based data anatysiel will also
generate seasonal trends of a system for varidubased applications.

Acknowledgement
This work has been carried out through the prdjguding of MeitY, Govt of India, Reference : Adnsitiative approval

No. 13(10)/2016-CC&BT dated 18.07.2017

References

[1] Paul B. Bokingkito Jr., Orven E. LlantaBgsign and Implementation of Real-Time Mobile-bad&der Temperature
Monitoring Systemd4th Information Systems Internation@bnference 2017, ISICO 2017, 6-8 November 2017j, Bal
Indonesia.

[2] Cesar Encinas, Erica Ruiz, Joaquin Cortez, AadBkpinozaPesign and implementation of a distributed loT eysfor
the monitoring of water quality in aquacultur2017 Wireless Telecommunications Symposium (WTS).

[3] K.Raghu Sita Rama Raju, G.Harish kumar Varkapwledge Based Real Time Monitoring System foradujture
Using 10T, 2017 IEEE 7th International Advance Computing fécence.

[4] Farshad Firouzi, Amir M. Rahmani, K. Mankodiyd,Badaroglu, G.V. Merrett, P. Wong, Bahar Farah&rternet-of-
Things and big data for smarter healthcare: Fromicdeto architecture, applications and analyticstufe Generation
Computer Systems 78 (2018) 583586.

[5] Piyali Ganguly, Anirban Bose, Kaushik ChakralyprAmlan Chakrabarti, and Anjan Kr DasgupEevelopment of a
Multi-Fog Based Water Quality Monitoring SystemngsBio-Sensing Platforn2018 IEEE International Symposium on
Smart Electronic Systems (iISES) (Formerly iNiS).

About the authors

Communicable Digital Biosensing Platform at The ACKoudhury School of Information Technology of

Piyali Ganguly is Senior Research Fellow of the Méisanctioned project Open Hardware Based
2$ University of Calcutta. Prior this she has compldter M.Tech from university of Calcutta in 2017.

Anirban Bose is Senior Research Fellow of the Mei$anctioned project Open Hardware Based
Communicable Digital Biosensing Platform at The ACKoudhury School of Information Technology and
pursuing his Ph.D. at Department of Biochemistrynivdrsity of Calcutta. He completed his M.Sc
Biochemistry in the year 2012 from the UniversifyGalcutta. He has some teaching experience aeatGu
lecturer at Microbiology Department, St. Xavier'sll€ge, Kolkata. His research interest lies indhea of
photobiology, photochemistry, and biosensing. He dwae co-authored one publication and has alsg file
one US patent and two Indian patents.

Amlan Chakrabarti is presently Professor and Dineof AKCSIT, University of Calcutta. Prior to thike

completed his post doctoral research in Princetnivasity after completing his PhD from Universif/

Calcutta in association with ISI, Kolkata. He i tfecipient of DST BOYSCAST fellowship award in

Engineering Science in 2011, Indian National S@eAcademy (INSA) Visiting Faculty Fellowship in

2014, JSPS Invitation Research Award in 2016, EuasMundus Leaders Award from EU in 2017 and

%% L. Hamied Visiting Fellowship from Cambridge Univeysin 2018. He is a Senior Member of IEEE and

ACM, Secretary of IEEE CEDA India Chapter and Vieeesident of Society for Data Science. His preseséarch
interests include VLSI Design, Quantum Computind BEmbedded System Design.

Anjan Kr. Dasgupta retired as a UGC open post Bemiefrom the Department of Biochemistry, the
University of Calcutta in the year 2017. He is prety an ICMR(PI), DBT(PI) and MeiTY(Co-Pl) in the
same University. He passed M.Sc Physics from IITdMa in the year 1978 and then obtained his Ph.D.
from the University of Calcutta in the year 198% his proven track record of initiating new couesed
projects, in both the Universities he was assodiatith (University of Kalyani and University of
Calcutta) contributing in a major way towards teagtresearch and inventions.

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 105




Blue Economy - Opportunities for India

M. A. Atmanand, Purnima Jalihal, M. V. Ramanamurthy, G. A. Ramadass
S. Ramesh, K. A. Gopakumar, N. Vedachalam, G. Dhara
National Institute of Ocean Technology, MinistryEdirth Sciences, Chennai, India
Email for Correspondencatma@niot.res.ivedal973@gmail.com

INTRODUCTION

The global population which is expected to exceddll®bn by 2030 will require 30% more water, 40%ra energy and
50% more food. More than 40% of the world popuolative within 200km from the coastline, and it tones to be in the
uptrend. The Organisation for Economic Cooperasiod Development (OECD) estimates the gross valdechtb global
output from the oceans shall be ~ US$ 3.5 trillim2030 and shall supporting more than 40 milliobg. Considering the
strategic importance of the oceans, the Unitedddat{UN) has allocated a total global Exclusive rigrnic Zone (EEZ)
of ~137 million knf, including ~ 12, 11.3,8.5 and 2.3 million ko France, US, Australia and India, respectivBigsed
on the foundations of the 2012 Rio + 20 UN Confeeean sustainable development, the global commuamitounced its
commitment on the Sustainable Development Goals3)SID30, in which Goal 14 relates to the sustamalaivelopment
of the Ocean resources by which the economic &gtiwiin balance with the long-term capacity of theean ecosystems,
remain resilient and healthy. The importance ofedned utilization of the ocean resources is st ds/ the UN declaring
2021-2030 to be the decade of Ocean Science faaiSable Development.

The pillars essential for transforming the traditib“Ocean and marine economy” to a “Blue” or “SQiisable” economy
require appropriate governance in the sustaindidaiton of the ocean, coastal and marine econgmis®n, technology,
management, monitoring and time-bound regulatofgrmes. The blue economy is thus based on resilsystems,
persistent innovation and advances in achievingghated ecological, economic and social well-beldgnce the fast
emerging blue economy paradigm with its componshtswn in Table 1 requires proper estimation of skee of the
opportunity, nature of risks involved, identifigati of sustainable ocean asset investment, investfremework, and
scaling up the capital investments of the blue gtides.

Table.1. Components of the Blue Economy

Type of Activity

Ocean Service

Industry

Minerals Seabed Mining
Extraction of Energy Oil and natural gas
non-living Renewables
resources Fresh water Desalination
Fisheries
Harvesting of Seafood Agquaculture
living resources | Marine Pharmaceuticals,
biotechnology Chemicals
Shipping

Ocean commerce

Transport and
trade

Port infrastructure and
services

Tourism and

Tourism

recreation

Coastal Development

Understanding the strategic importance, differeattomal and global initiatives are underway to depea future roadmap
for blue economy with measurable outcomes and apbadgetary provisions. Subsequent to the leagerfhthe Small
Island Developing States (SIDS) and the coastabmatwhich advocated Blue Economy, the major caemtincluding
Australia, Brazil, U.K., U.S., Russia and Norwaywéaleveloped their National Ocean Policy and eistaddl hierarchal
institutions at federal and state levels for emguprogress in the blue growth. With the blue ecoies of the United
States, China and the European Union estimateé toUs$1.5, 0.1, and 0.5 trillion, respectivelyisiexpected that blue
economy could significantly contribute to Indiaisien of becoming a US$ 10 trillion economy by 2030

OPPORTUNITIES FOR INDIA

India with a coastline of 7517 kms and 1208 islahds 13 major ports, 200 notified minor and intediag ports. The
EEZ includes 1.64 million kfnear the Indian mainland and Lakshadweep, and ®i®n km?in the Andaman and
Nicobar Island area. Considering its strategicragt India is currently seeking to extend its E&563kms, by which the
total EEZ area will equal its land area. India ikey member in the Indian Ocean Rim AssociationRAD, an inter-
governmental organization comprising of 21 memkates and 9 dialogue nations aimed in strengthenéggonal
cooperation and sustainable development withirrtlien Ocean region. The IORA blue economy dialoigelel in Goa in
Aug 2015 passed the Goa declaration stressingebd to identify the thrust areas of the blue econdburing 2018,
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National Institution of Transforming India (NITRhe Indian Government’s apex policy think-tank coctgéd discussions
with all the stakeholders to identify the potentabas of the blue economy which are to be placetti® national strategic
focus and to formulate policies for blue growthv&mal initiatives have been initiated the Ministy Environment &
Forests and Climate Change (MoEF & CC), Ministry Edirth Sciences (MoES), Ministry of Shipping andheot
organisations. They include the Deep Ocean Missiotegrated Coastal Zone Management, Sagarmalaar Sagd
Mausam which focuses on the deep ocean resourderatipn, marine spatial planning, port developmanaritime
security and improving livelihood opportunities fooastal communities. In order to synergize thetirmihistry efforts
which are engaged in silos, seven working grougsfarmed by the Government of India (Fig.1) to fatate robust
recommendations to capture the huge potential apdrtunities in this sector. Thus sustainable,grgted, inclusive and
people centric policy for Blue Economy is being leed by India and the policy statement states ‘thhe blue economy
refers to exploring and optimizing the potentiatled oceans and seas which are under India’s jegsdliction for socio-
economic development while preserving the healtfhefoceans”.

Mational Accounting Framework for Fisheries, Agua Culture and
Blue Economy and Ocean Governance Fish Processing

Coastal, Deep-Sea Mining Manufacturing, Emerging Industries, Trade,
and Offshore Energy Technology, Services and Skill Development
Logistics, Coastal Marine Spatial Security, Strategic
Infrastructure Planning, Tourism Dimensions and International
and Shipping and Wellness Engagements

Fig.1. Seven working groups under Indian Government
NON LIVING RESOURCES
Blue Minerals

The developments of the coastal and offshore mimesaurces are complimentary for the industrial aaonomic growth.
The coastal placer minerals, such as ilmenite, miitgn zircon are extensively available on the Kerdamil Nadu,
Andhra Pradesh, Orissa and Maharashtra coasts eardshore waters. The Geological Survey of Indi&IJGAtomic
Mineral Division (AMD) of the Atomic Energy Departmt and the CSIR-NIO have been involved in expionaand
survey of these minerals. The status of the onsaepéoration for heavy mineral placers in Indissfown in Fig.2. The
reserves including ilmenite, rutile, garnet, zirc&ganite and sillimanite are estimated to be ~, &1 60, 35, 2 and 4
million tons, worth approximately US $ 120 billiomhe deep blue mineral resources include the smaflolymetallic
sulfides around the hydro-thermal vents, cobah-kGcusts on the seamounts and the polymetallic ar@ege nodules on
the abyssal plains. The polymetallic nodules cosgpif manganese, nickel, copper, cobalt, molybdemane earth
metals, and traces of elements of commercial istenecluding platinum and tellurium. The seafleofphides are rich in
copper, gold, zinc, lead, barium, and silver. Thkait-rich crusts contain manganese, iron and & widay of trace metals
including cobalt, copper, nickel, and platinum. Ab@47, 1.82, 10.47 and 9.5 million tons of mangan&obalt, nickel
and copper are located in waters depths ranging 000 to 6000m as polymetallic nodules in the @¢mhdian Ocean
Basin (CIOB), hydrothermal sulphides in the southkrdian Ocean and cobalt crusts in the AfanacyitiMilsea mount
area (Fig.3)
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Fig.2. Status of placer deposits exploration ini¢nd
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Fig.3. Minerals and energy resources in the Indeean

For carrying out demonstration mining, India hasrballocated an area of 75000%md 10,000 kfin the polymetallic
nodule and hydrothermal sulphide sites, respegtivfter carrying out field demonstration of a clawbased mining
machine at about 500m water depth, the MoES-NIO$ bhadertaken the development of a 6000m depth-rated
demonstrative polymetallic nodule mining machinéhed associated systems including a 6000m depéia-edectric work-
class Remotely Operated Vehicle (ROSUB 6000) anah-aitu deep ocean soil tester which are beingl uggo 6000m
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water depths. In order to understand environmeaniphcts of deep ocean mining and to generate hiaselata, deep
ocean moorings are being developed by NIOT and @&#onal Institute of Oceanography (NIO). The depenent of

metallurgical processes for extraction of metaldléveloped by CSIR-Institute for Mineral and Matkriechnology
(IMMT) and CSIR-National Metallurgical LaboratoriNiIL). The development of a battery-powered 6000mtlleated

scientific human-occupied submersible with an openal endurance of 12 hours and weighing ~ 20 tisnbeing

undertaken by NIOT.

Blue hydrocarbons

About 26 sedimentary basins in India covering at®# million knf host 28 billion tons of conventional hydrocarbons.
About 67% of these resources are located offshidie. Mumbai High hosts about 9.2BT, the sedimenbasin with an
area of 1.3 million krhin the east and west coasts of India spanning #66m water depth up to the EEZ hosts about 7
BT, and the rest of the resources are concentmattte Krishna-Godavari (KG), Cauvery and KeralanKan basins. The
KG basin hydrocarbon production accounts to ~ 40%h® India’s in-house production. In order to &sthe natural gas
production from deep waters, wells have been dsteddl in the KG basin at 2483m water depths. Féectve
exploitation of the ultra-deep waters, Indian goweent has planned to invest about US$10 billiorthiem deep water
projects in the KG basin.

About 1684TCM of methane gas are identified to éguestrated as gas hydrates in the continentaigein 100-300m
below the sea floor at water depths ranging betv@88:3000m. Considering the strategic importancéhefnatural gas
hydrates, the National Gas Hydrate Program (NGHel) by the Directorate General of Hydrocarbons (DGidyl

supported by Oil and Natural Gas Corporation (ONGGphajor oil companies and national scientific avigations

including NIOT, the National Geophysical Reseansstitute (NGRI) and the National Institute of Ocegraphy (NIO)

has performed two detailed drilling expeditionsha Krishna-Godavari (KG), Mahanadi, and Andamarnveogent margin
and confirmed the presence of large, highly satdrajas hydrate accumulations in the coarse-gragaw-rich

depositional systems in the KG basin (Fig.4) .Plmesbeing discussed for establishing a pilot seal in the KG basin
for long term production capability assessment..
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Fig.4. Location of major gas hydrate provincesrudia

Renewable Energy

Sustainable marine energy plays a vital role ingbenomic development and climate adaptation. ©Offsinegions have
tremendous potential to provide renewable energy,offshore wind, waves, ocean currents includidgl currents and
thermal energy. About 350GW of offshore wind eneigygstimated within the EEZ of India. For fosterithe growth of
the offshore wind energy, the National Offshore WiEnergy Authority is established for carrying oegource assessment
in the EEZ. The offshore wind resource assessmetiid MoES-Indian National Center for Ocean Infotiora Systems
(INCOIS) based on the long-term satellite wind d&tig.5) indicates high wind energy potential offa/akumari, Gujarat
offshore, Rameshwaram and Jakhau.
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Fig.5. Offshore wind energy resource assessment

For carrying out wind speed, direction, temperatanel humidity measurements at 20m elevation froendba level,
LIDAR-based data collection platforms are installdNIOT and MNRE-National Institute of Wind Ener¢MIWE) in
the Gulf of Kutch and Gulf of Khambhat. Other aneenergy technologies which are in various stagekevelopment
include marine current, wave power and ocean thieemargy conversion (OTEC) face stiff competitioloni other
onshore options. The development on these techieslag NIOT has successfully crossed laboratorgestamproving
understanding of complexities involved along theyw®Vave energy devices and hydrokinetic turbinesehbeen
successfully demonstrated in the open sea by NEdMme locations in the Andaman Islands revealed Wiater current
potential and suitable scaled up hydrokinetic tuebi are being developed. India being a tropicahtguhas a good
potential for Ocean Thermal Energy Conversion (OY.Efhe sea water temperatures are observed toab&e saind are
prevailing continuously throughout the year, makiinigleal for a base load energy plant. An OTEC emé desalination
system has been taken up by NIOT which will beugetn Lakshadweep islands. India is a member ofitternational
Energy Agency-Ocean Energy Systems (IEA-OES) Gangphas taken up activities for accelerating tloavgn of ocean
energy systems in the Asian region.

Ocean Desalination

Securing adequate quantities of clean water to ieeneeds of the growing population is a majorlehge. Coastal
communities are increasingly turning to the seeéet their drinking water needs, while in inlandrthis a tendency for
groundwater to become increasingly brackish oveetiNIOT has designed and implemented Low Temperatbermal
Desalination (LTTD) plants of 100 ¥day capacities in the three Islands in the Unierrifory of Lakshadweep, where a
long cold water is used to draw water from watepth around 300m using a high density polyethylagpe (Fig.6). The
plants which are operating over a decade have growdtiple socio-economic advantages including theaf the island
community. Efforts are underway for installing LTIdased desalination plants in six more islandsndfa. Efforts are
also undertaken for realizing combined power antéwaroduction.

Fig.6. Desalination plant in Agatti Island of India

LIVING RESOURCES
Seafood- Fisheries, Aquaculture and Pharmaceuticals

Effective and sustained marine bio-prospectingsgeatial for pursuing human health, offering susthle supply of high
quality food, developing sustainable sources ofgnalternates to the conventional hydrocarbons;, industrial products
and processes with low greenhouse gas emissionikeHgevelopment of sustainable fisheries and aduaeus an
essential component of the blue economy. The globatributions of the biomass production from meyiaquaculture
and inland waters are represented in Fig.7.
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Fig.7. Growth trend of fisheries and aquaculture

With over 2.4 lakh fishing crafts, 6 major fishil@rbors, 62 minor fishing harbors, 3432 fishindagés 1511 landing
centers and employing 4 million fishing populatiémgia stands "3in global fish production. More than 50 differdéppes
of fish and shellfish products are exported to @tntries. The sector contributes 1.1% of the nati@@DP and creates
annual export earnings of about US$ 5 billion. 6fuiotal fish production of 6.4 million tons, maegircontributes 3 million
tons and production from about 73,000%ahinland water bodies is about 3.4 million tons.

It is identified that potential fish production ddibe up to 8.4 million tons, a 30% increase frdwm ¢urrent production. As
a part of motivating deep sea fishing, the integgtadlevelopment and management of fisheries prowsdbsidies for
conversion of fishing trawlers into deep sea fighuessels. With the aid of Indian satellite basedanography,INCOIS
provides reliable and timely advisories on the R Fishing Zones with specific references to entinan 500 fish-
landing centers along the Indian coast and alsottier algal blooms at near real-time for assessménprimary

productivity. Programs are undertaken by MoES- @efdr Marine Living Resources and Ecology (CMLRE&)address
the biogeochemistry of the eastern Arabian Seab#sidgical responses including fishery resourceth@énorthern Indian
Ocean region through systematic survey. In ordeintoease the marine finfish production, multi-gomoored 9 m
diameter open sea cages made of high density hylgee capable of withstanding turbulent sea stéfté3.8) are

developed and demonstrated by NIOT.

Fig.8. Open sea fish cages in Andaman Islands

The Department of Biotechnology (DBT) through vasoresearch centres is carrying out activitiesuiticlg fish
genomics and transcriptomics, fish and shellfidedses, immune-stimulants and antimicrobial pegptiDdevelopment of
bioactive molecules, biomaterials, biosurfactabtdA bar coding and molecular taxonomy, cell lines aiagnostics were
also pursued through adoption of molecular tool @ehniques. The marine-microalgae, which arekéhefor the food,
nutritional, cosmetic, pharma and bio-fuel indwestri are being studied at NIOT. For fostering thediss on the
applications of the deep sea piezophilic micro-oigias in the health and medical sectors, a deepnoceicrobial
sampling and incubation system capable of bringfiegdeep-ocean micro bio-resources to the surfagdéngubating them
by maintaining their ambient pressure (Fig.9) imlelsshed in NIOT.
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Fig.9. Deep sea sampling and microbial culture lfgci

OCEAN COMMERCE
Trade and Transport

In India, during 2018, the major ports with a capaof 1.45 BT handled 0.7 BT and non-major porésidiled ~ 0.5 BT.

With the total vessel fleet of 1400 with gross séglied tonnage (GRT) of ~ 10 million tons, ~ 45%se&ts with a capacity
of 88% is used for overseas trade and ~ 938 coassaslels are used for ferrying goods within thentgu The inland

waterway transport is an economical means of dameansport. Out of ~ 0.6 million km of navigablaterways in the
world, China, Russia, Brazil, Europe, and USA eH8, 16, 8, 7 and 8% .

In India, the contribution of waterways in the datie transport is <1% compared to China and US kwktands at 24%
and 6%, respectively. In order to accelerate theanccommerce and transport, the national maritimecldpment
programs worth US$ 11.8 billion are being implereeintConsidering the need for efficient, eco-frignaihd economical
domestic freight services utilizing the coastal amdnd waterways, a national perspective plana8agla, aimed in the
port modernisation, effective port connectivityripled industrialization is formulated in 2016 thetMinistry of Shipping
(Fig.10). Under the Sagarmala Programme, the gawenh has envisioned a total of 189 projects for enoidation of
ports involving an investment of US$ 22 billion tye year 2035. The successful realization the mroginvolving an
infrastructure mobilization of US$ 60 billion, asgs to reduce the logistics costs for EXIM and dstimecargo by US$ 6
billion annually, double the share of waterwayspdicexports by US$ 110 billion, create 4 milliomedi jobs, 6 million
indirect jobs, and increase the commercial vedset fo 1600 by 2025.

Tourism

Tourism is an important source of foreign exchaagd is tied to the social, economic, and envirortalemell-being of
many countries. Coastal and ocean-related tour@mes in many forms and includes dive tourism, nmagtarchaeology,
surfing, cruises, ecotourism, and recreationalifigloperations. Sustainable tourism can be pathefblue economy,
promote conservation and sustainable use of marimgonments and species, and generate incomedal tommunities,
and maintain and respect local cultures, traditiansl heritage. The United States, Spain and Tithtlap the list in tourist
count, while France, United States and Spain l@éadsrms of the number of international visitorsdia’'s 43% of the
coastline with sandy beaches, 11% with rocky land 81 mangrove areas are potential tourist hub$ndia tourism
industry contributed 2% to the total GDP and isjgrted to reach 6.4% by 2022. In 2017, ~ 10.4 arillioreign tourists
visited India, mostly coastal places, earning $itifoh. The government has undertaken 17 coastetldpment projects
across the country in the past four years.
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Fig.10. Efficient evacuating network under Sagamamnal

CONCLUSION

With its enormous resources, oceans are the ultifnamtier which shall help to transform the ecogahthe society from
scarcity to abundance. With the extended ExcluBiwenomic Zone, India’'s Ocean jurisdiction equaldhe land area.
Hence an integrated approach with long term vistenhnology, management, monitoring, and time-boregllatory
reforms are essential for building a sustained kluenomy for India. It is beyond doubt that thearping blue economy
shall serve as a growth catalyst for the robusaimeéconomy envisioned to reach US$ 10 trillior2630.
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Technology Innovation Center
(An organisation’s ability to learn Technology aménslate that learning into action)

Mr. Madhukar Srivastava
Chief Technology Officer, Smart World & Communiaati
Larsen & Toubro ECC Limited
s-madhukar@Intecc.com

Smart City Mission and Digital India, are two most ambitious programs, campaigned byGbvernment of India to
ensure that eGov services are made availableimerét by making the country digitally empoweredtigh technology
interventions. While th&mart Cities Missionis an innovative drive for economic growth and fone the quality of
life of people by enabling and harnessing technplag a means to create smart outcomes for citizend,thus

opportunities to improve lives, thBigital India program is drawn with a vision to transform Indigoi a digitally

empowered society and knowledge economy.

Smart World & Communication business vertical ofdem & Toubro has been leading the market as MSis{dt Service
Integration) in the areas of Smart City, City siltaace, ITMS (Intelligent traffic management sys®), Smart Elements
(Solid Waste Management, Smart Light, Smart Infaart grid, Smart Parking, Environmental Sensod, @ammand &

Control Centre etc.), and Telecom infrastructure.

To sustain the technology leadership, we at SmastldV& Communication, have fostered an innovatianeeptual
platform that serves the purpose of the businegsctibes with much impetus. The Center has beensély L&T SWC is
‘state-of-the-art’ Innovation Center to upscale frerhnological prowess of L&T SWC and align bessgible solution
exploiting the range of product & technologiesaimulti OEM environment.

“Technology Innovation Center (TIC) is an Innovation lab to upkeep a design thinking culture and unlok the
potential of millennial technologies, making us stwnger in the Digital World.”

Objective of TIC

. Technological Capability & Competency developmémnbtigh Innovation labs, Research, & training pratga
. Design and Development of Smart City Technology Wéth all Solution Prototypes
. Collaboration with Institutions and Industries imdla and abroad, to inculcate Design Thinking Geltu

Technology Innovation Centeraccelerate opportunities, deepen relationshigtf@ster innovation.

. Showcase what is possible with digital transfororatnd IoT
. Build solutions with partners and start-ups, angage in rapid prototyping
. Invest and partner with start-ups, acceleratorg,uaiversities

State of the art -Technology Innovation Center
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The Command and control center (CCC)for the campus has been designed in an area 6f &f)Gt, with replicating the
scenario of smart city within 27 Acrs, and as soajor smart elements having been deployed andratted) with two
CCC platforms.

The interior and ambience have been carefully desicas per the occupational use and controllediriglsystems have
also been in such a way to position the right andse

The entire space has been categorized into threeszbased on its usage:
- Theelevated flooris for Technical/Operational use, comprising “T&she’ and ‘Command Centre’.
- The lowered floor is “Interactive zone’ used foteiractions, discussions & presentations.
- The third zone is “Data center” located in the eeis a central point of the design, and is pasitgpit as unique
circular design.

The baffle ceiling denotes the data flow spreadiogn center to multiple directions in entire netwofhe baffle ceiling
with undulation is for ‘acoustic’ to balance théhec

The colors ofTechnology Innovation Centerare picked rationally as Orange, blue and whispeetive to balance the
vibrancy, tranquility and neutrality of the ambienc

SMART Each wall being dedicated for different technolagynains, the right and left
_ECAMPUS : wall for 10T, the wall at the entrance for robotsd the wall at the exit for
B A . ‘Artificial Intelligence’ strikes a futuristic lookto the design. The glass
SrysTEMS partitions deliver a sophisticated look to the aenbe. The lighting can be set
35 Q to 16 million colors along with dim and brightnessntrol capability. The
colors of the lights can be changed by scanninglimaymovement or a taken
1OT DEVICES . . . . .
=50 @ picture as well. The lights can also synchronizthwtlie sound decibel of the
environment and flick accordingly.
FIBRE
NETWORIC O
1S5+ <m The functional design of Technology Innovation Center is conceptualized
SR acE @ with the intention of creating the replica of then&t City, Core Networks
185 a= based on MPLS services with three Data Centerssftbtaming the entire
LoD . @ campus as smart campus. High level descriptiom®fietworks created is as
3 per below:

MPLS
ENABLED e

e Deployment of 35+ systems, with 550+ IOT devicesriart elements

» Network created with almost 15+ Kms Optical fibeble based network within L&T Chennai Campus
» Core network with MPLS services, connecting thré¢o3. of Data Center and all POPs

» Three Nodal Data Centres (TEC DC, TCTC DC, CCTV DC)

» Cloud Solution (Amazon AWS, Microsoft Azure, Ctrls)

» Command and Control Centre

The Technology Innovation Center and Smart Campsshieen developed with following technologies, isecture and
provides services offering as per below:

Architecture using MPLS Network

e Two Cisco core routers (ASR 920 & ASR 903) are @thto which the core switch is connected.

» All the Core routers are configured on MPLS protoddis forms the Core ring. OSPF protocol is erdhbetween
the Aggregation switch to Core router.

* The Aggregation switches connected to the Cisc@ @auters and have redundant links with each o#tethat if one
link fails or terminated

» The campus perimeter switches are divided intocgéssrings. Each access ring has a maximum ofaéighes. The
two extreme perimeter switches in each ring, aggesgthe traffic to the aggregate switch. Eachcéwiih the core
ring is enabled with the RSTP
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elustering and MC pass thru modules with OSA with integrated  small broadeast domains
teaming swilch and isolated servers

TIC — High Level Network Architecture
Communication Technologies deployed

All kind of communication technology are implemeita the smart campus namely-

* LoRa
(Low Range digital wireless data communication tedbgy)
e ZigBee

(ZigBee is an IEEE 802.15.4-based specificationldar-cost, low-power wireless 10T networks andsedito create
personal area networks with small, low-power digitadios)

¢ Bluetooth

(Bluetooth is a wireless technology standard forhexging data between fixed and mobile devices chert
distances using short-wavelength UHF radio waves) LAN

(A local-area network (LAN) is a computer netwdrttspans a relatively small area)

¢« GSM

(GSM (Global System for Mobile communications) istandard developed by the European Telecommuaitsati
Standards Institute (ETSI) to describe the protedot second-generation (2G) digital cellular netis)

e Li-Fi

(Li-Fi is a wireless optical networking technolotipat uses light-emitting diodes (LEDs) for datansanission)

LoRa i @0 DBuetooth ZS 4 ld'; . ((@\\

Communication Technologies at TIC
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Command and Control Centre

The Integrated Command and Control Center (ICC® as the “nerve center/ brain” for operations ngangent, day-to-
day exception handling and disaster managemenglsti provides insights by processing complex dats st an
aggregated level to derive intelligence for impmy#anning and policy making. The ICCC is envisagedggregate
information across multiple applications and sesst@ployed across the city, and then provide aafileninformation with
appropriate visualization for decision makers

The ICCC @ TIC, has a holistic view of all the stmelements deployed in the campus, monitoring ef ghrveillance
system and analytics with dashboard. Multiple Uase3 are defined for decision support engine factimpus for day to
day management, thus transformed the campus as SMAR

At Technology Innovation Center (TIC), we have agpeld ICCC from two major OEMs namely Trinity ands€.

« READY-TO-GO platform from Trinity, a home-grown lizsh ICCC application for Smart Cities

e Agile & Scalable Command & Control Centre platfowith capacity to integrate +50 IoT systems
«  Cisco Kinetics for Cities (CKC) is a Global ICCGyfbrm for Smart Cities

* Native & Open loT layer for Direct device integmats

e Integrated Collaboration Solution for seamless camigation with various technologies, instantly

trinity :

Intigrated Cammand & Conteol Canter

Integrated Command and Control center Platform ity

Cisco Kinetics for Cities — ICCC Dashboard

Smart Elements deployment within L&T Campus

We have deployed most of the Smart Elements withmpus, and integrated with Command & Control Gefiotemaking
27 acres of Green campus &nfart & Intelligent campus”, by having analytics, API based Application intggpn for
dashboard SOP & Use-cases. Some of the systenmases-are discussed below which are implemente&aisLSmart
Campus.
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The L&T Campus - a ‘Smart City’s Living Prototype’

Data Centers and Cloud— Accelerating a digital futue

The Data Centers are positioned with hybrid sofutid ‘on premise’ and Cloud. We have positionecéhphysical Data
Centers in two diversified locations/buildings amtk in TIC site. Three cloud service providers hbgen integrated to
have complete diversity and redundancies, to enabte have POC (Proof of concept) testing in afigible scenarios.

The Technology Innovation Centerhas positioned a high impact platform, cuttingoasrstakeholders in all the three
dimensions viz. Our Customers, OEM Partners, angl&yees, thereby intent is to exploit cutting-edgehnologies for
positioning new innovative solutions. The Techngldgnovation Center will also enable us in driviagr vision with
following Value Drivers

Technology & Innovation
» Lead Adopter of New Technologies
» Technologies for all Biz. Verticals
*  Product/Technology Benchmarking Business Support
* Niche Knowledge Transfer Platform
* PoC Lab and Live Simulators
*  Product Validation

Learning & development
*  Platform for Skill Enhancement
e Learner profile: hands-On
e Cloud & Security Technologies

Delivery Excellence
* AR based Virtual Support
* Tutorials, MOOC, Videos
* Process Viewpoints
* Analytics & Prediction Learning
» Interoperability Tests

Product Development
e Collaboration with Young-minds
» Co-Create Standards & Patents
» Open Source Product Development
*  White Labelled Product Tuning
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Use Cases Development
» Outcome based Integrations
*  Product Validation
e  Start-up Incubator
* Re-usable Artifacts

With such a state-of-art infrastructure, we at L&Tnhounced to have certainly acquired the Technodbgirength through
in-house capability building, innovations and biestiass solutions, and give our employees an éddead the market
with technology leadership. Once again | would likeeiterate that Technology Innovation CenteQ)Tis an Innovation
lab to upkeep a design thinking culture and unlmgkpotential, making us stronger in the Digital Mdo

About the author

Madhukar is a telecom professional with over 33rye# experience and proven abilities in overall
business management including P&L, strategic bssimevelopment with core strengths in Planning &
Engineering, Service deliveries, and Program Mamege of large geographically dispersed projects.
He has created strong value proposition as Magse® Integrator, across Public & Private sectors a
ambitious projects like Digital India, Smart citiek. Core strengths lie in motivating and leadarge
teams to deliver high impact performance.

: Currently responsible for technology & SolutionsGBO with ‘L&T- Smart World & Communication’,
and leading a team of Pre-Sales Engineering antdnbémgy and as such contributing with wide experéeand always
demonstrating leading-by-example.

Prior to L&T, Madhukar worked with Sterlite as Bosss Head and prior to that in a leadership positiwith renowned
Indian telecom organizations like R Jio, BhartitéirLtd, Tata VSNL and Dept of TelecommunicatioB$larat Sanchar
Nigam Ltd.He belongs to 1985 batch of Indian Telecom Seryiaad has been awarded with “Sanchar Seva Padak” in
May 2004, for outstanding contribution to Telecom
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Introduction

In recent years, with the growth of the computatlanethods particularly in case of data managemedtanalysis several
machine learning (ML) approaches has been implezdeint various industries. According to the currgitiation most of
the researchers have concentrated their studieeem learning (DL) because deep learning has lveatetl as one of the
emerging areas for feature extraction and handlinge amount of data where machine learning metfald#ltogether,
artificial intelligence encloses with numerous seldfs, counting as machine learning, deep learntogpputer vision,
neural network and natural language processingDatep learning utilizes massive neural network$ aitot of layers of
processing units, for advances in computing power enhanced training techniques to learn verspéiteerns from huge
guantity of data. Common applications include image speech recognition. Deep learning is impleatetitrough neural
network. The motivation behind neural network ig thiological neuron. Generally, deep learning isul-branch of
machine learning and machine learning is also @nathb-branch of artificial intelligence as giverthe figurel.

Artificial Intelligence

rid L Barming o &

" mMachine Learming 1

Deep Dasp Lommiang is & subast of

Lt rdimsg NLa Furee L earmieg

Figure 1: Depiction of Al, ML, DL

The biggest advantages of deep learning are:

» Deep learning gives better performance on dissiniitzubles that significantly outperforms otherwans in
diverse domains. This take in speech recognitemgliage, computer vision, playing games etc.

» Deep learning overcomes the limitation of mach@sehing methods in case of feature extractionrtiesns it takes
less time.

» For adopting new type of problems in upcoming d3gesp learning architecture performs well.

* Robustness to natural variations in the data israatically learned.

o
Importance of deep learning over machine learning

e Machine learning is not enough capable for managing high dimensional data wherever input & output
is relatively large.

» Deep learning has sufficient power for managinghigén dimensional data as well as to focus on Kaetefeatures by
themselves. This procedure is known as featurengini

» Deep learning can do better than traditional meth&dr example, in image classification, deep legralgorithms
gave 41percent more correct result than machimaitealgorithm and gave 27 percent more accunafzcial
recognition and lastly 25 percent in case of vo@mgnition.

Deep learning works in smart grids

For electricity data analysis industries were addpnhovel methods like machine learning, fuzzy lpglata mining,
artificial neural network (ANN),support vector maod (SVM) and genetic algorithm etc. to get bettetcomes for
estimating the exact electricity demand and alsal ubese methods to forecast both energy produatidnconsumption.
Among all methods deep learning plays a vital molsmart grids applications.
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Smart Grids (SG)

According to digital technology “grid" is recogniteas the electric grid and it is bi-directional aommication line of
network between consumers and utility. Now a ddgstecity disturbance is common problems whichssma series of
failures such as in banking sector, communicatioragfic, and security etc. For this purpose snwaitl technology is
implemented based on varieties of artificial intghce approach. This scheme gives permission dpersising,

investigate, organize and communication within sbpply chain to assist progress effectivenessnlistamergy utilization
and cost, and make best use of the transparencyrediadbility of the energy supply chain. The smgrid system

overcomes the drawbacks of traditional electricédsggwhere smart net meters concept has been inepleah in earlier
days. The concept of smart grid approach not oolycentrates on utilities and technologies but d&smses on the
consumer choices regarding their consumption aftédity energy.

The layout of smart grids is as follows in figure 2
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Figure 2: Powers ahead with smart grids

Smart grid is totally a new concept for all reséars in comparison with traditional electricitydgi The smart grid is the
renovation of the electricity flow system. So ttiieme takes a significant role in the researchespcBmart grid is the
mixture of information and all digital communicati@pproaches by means of power grid systems tbtééeitwo way
communication and power flow that can boost safetijability, and effectiveness of the power schemeaddition we can
say that smart grid is the arrangement of toolstesys and procedure to manufacture power gridliggek and
computerized. Due to huge amount of data colledtiomach and every moment from different sourdeis, mecessary for
all power companies to take responsibilities of @lllected data and find out the clear knowledgeuatelectricity
consumption behaviors which is shown in block diagr3 below. So deep learning algorithm is requiiedfeature
extraction and data analysis. Most of the studiesewdone on smart meter data for instance loadneuttustomer
classification, load predicting and anomaly detectiFor doing improved understanding of electricitiization, flexible
demand management and useful energy control sneder ata analysis are essential.

According with the advancement of smart grids timitédl Stated Department of Energy recommend fquegyof
technology such as:

e Technologies regarding measurement and intelligent.

» Another approach is automated flow of communicatiorong constituent of the electric grid and thefegrations.
e Computerized controls for division and repairs.

» Enhanced organization management dashboards aisibdesupport software
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Distributed RES

Figure3: Block diagram of smart grids

RES, DER and MSW stand for renewable energy sodisgibuted energy resource and municipal solidtea
respectively in figure 3.

The important benefits related with the smart gridinclude:

e Electricity flows of transmission are much moreffmient.

» When power disturbances of electricity arise srgeads approach gives quicker resolution.

e Smart grid approach provides minimum power and atp@T cost for consumers.

* Reduced peak demand, which will also help lowecteicity rates.

» Improved bonding of customer-owner power generatigstems, counting renewable energy systems
» Enhanced the security feature.

Challenges of smart grids

Although smart grid has numerous profits still thare lots of challenges in its achievement. Sigégls occupy a lot of
stakeholders who are in charge of dissimilarityeasjpf the energy system and sorry to say, thetspnization and rate of
adoption of the novel tools happens at diverse padiee vast investments required for togetherfrastructure and new
devices are also a hurdle to adoption. Lastly, letgry obstacle and jurisdictional topic issues spré important
challenges that must be overcome

Conclusion

From literature studies, it is revealed that mdsthe researchers concentrated their experimensmart grids using

artificial learning and machine learning methodsll B is a challenging factor for all. Therefoeenovel enhanced model
has been adopted based on deep learning to sohkeeaomplex problems of smart grids which have marbyet solved by
machine learning methods. By increasing the nurobé&ayers in the well-known artificial neural netis, nowadays we

are referring to deep neural networks as the graidiirection in deep learning. This algorithm l@asnense application

potential in case of smart grids but researchers#it struggling on their studies on deep leagrtiechniques due to many
hidden layers are included in this algorithm. Nuoosr problems required to be studied in deepnesgxample, for a

specific use case which structure of deep learringreferable and how many layers are appropriatehfe particular

problem and also concentrate on security of poysties.
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Education is the passport to the future, for tomorow belongs to those who prepare for it today. — Mablm X

The roots of education are bitter, but the fruit issweet. — Aristotle

Education is what remains after one has forgotten hat one has learned in school. — Albert Einstein
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“Tell me and | forget. Teach me and | rememberolwe me and | learn”
-Benjamin Franklin

Acknowledgement & Gratitude: My deepest gratitude to the almighty God, paremwtd|-wishers, friends, colleagues,
teachers and students who in various different wagge helped me embark this journey of teaching l@adning
specifically in the path of play/games. | continieebe a learner in this path and wish to share rpegences in my
journey, various different experiments and whagedrht from them and also the work of several o#ducationists,
practitioners, researchers in this field.

Context Setting: My first detailed research publication on Play/Gamased learning occurred in 2018 when | submitted
my work for the 9th National Teachers Science Cesgyheld at Ahmedabad in Dec 2018[P1]. Laterdldraopportunity

to expand on that work when | presented a secopdrpa “Future of Learning Conference 2.0” heldlst-Bangalore in
January 2019[P2]. Ever since then, | have furtbggedmented and expanded consultancies in thid field researched
deeper into this topic and | am now collating dltleem into this article. In one sense, each pigitiebuild on top of the
previous work, while retaining what still holds gband adding/replacing newer evidence.

Article specific thank you note: A very big thanks to HR Mohan (IEEE) for providithis opportunity to contribute to
the newsletter. Sivapriya and Sankalpa, the stgdeith whom | got to work in the last few monthtscadeserve their
thanks to the extent they could contributing irtiediand adding value to this newsletter.

Introduction

With the world grappling with an exponential rafecbange, continuous learning is a must. Despientile availability of
low cost, high quality learning, learners and teastruggle. This could be due to reasons suclpuasly theoretical
knowledge being taught, the content not being enizted for an individual learner’s ability, the ghagl system and its
detrimental impact on learning as well as the foousone’s intellectual development at the cost heirt emotional
maturity. These approaches are by and large untéreal and does not involve peer to peer or stutbacher
interactions. Learning happens successfully onlgmitte learner gets engaged.

Play or game or activity based learning an altéreainay be the solution to these issues. Playitfaigs aflow or
happinesstate (Mihaly Csikszentmihalyi) that separatesjdlyeof learning from the anxiety and boredom ityncause.

A game provides continuous motivation and enahlesdiuring the learning process (overcoming diffigithonotony). In
a game/play, failure/loss is not seen as a tabtay. €hcourages (Stanford Psychologist Carol Dwegk)vth mindset
thereby encouraging learner to repeat the learmgsistence). While playing a game, people aréevelgtinvolved

interact with each other, thereby encouraging bollation and peer learning. Games addresses @5 tgp learners in
VARK (Visual, Auditory, Read-Write, and Kinesthétidomain. It is possible to design games for vayyabilities of

learners with sufficient motivational elements telghthem stay involved. Leading Psychologists anddidators (Peter
Gray) have started increasingly started emphasitiagole of play in learning. The good news is &md of content —
concept, terminology, process flow, rules couldaiapted into play/game form at fairly low costs.

When we look at different cultures and philosophéesoss the world, specifically the Western, Indarnd Japanese
settings, on what constitutes a system of effedéaening, we find some broad commonalities and Vtery interesting to
note that play/game based learning enables thecemment that is conducive for those learnings.

Play, much beyond learning effectively forms theeese of building life-skills in an individual. boday’s world, much
beyond the academic and aptitude skills, buildingepreneurial skills and life skills is of utmdstportance. There is
evidence to show that play forms the foundatiothese skills too.

Given its multitude of benefits, it is worthwhile frame policies or facilitate processes that ermge educators to
incorporate these techniques. In a nutshell, lelRlay to Learn.

Effective Teaching-Learning-Processes through the des

In the ancient times, prior to the Industrial Rietion or maybe until paper based modes of docuatiemt was invented,
learning was enabled through practice and appesttip. This refers to learning of any kind. Forrapée, if someone
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wanted to pursue medicine back in the day theyrhecan apprentice under a practicing doctor. Theyeoked, assisted
and learnt as they saw the doctor in action. Thetadovould check the patient, prescribe medicipesform some minor
surgeries etc. All of these skills were learnt g@rving, listening and asking questions. The doalgo would also take
some time off and explain a little bit of theoryoalh how things work. But it never started with jpsain old theory and
lectures!

Over a period of time, the juniors would also getdb some real work. Gradually with time, they vebgkt to do more
regular tasks and in longer periods of time umhiéyt master the art. The same story holds goodlifprafessions - artists,
engineers, accountants, lawyers, singers and etleey profession as well.

It was alwayd_ earning by Doing There was of course observing, peer and instriicteractions and maybe a little bit of
theory.

Even today, skills like driving a car, riding a tgcswimming, cooking are taught and learnt thiy.wéowever for larger
professional fields like engineering, medicine, coence, law etc., somehow we have moved away frasrattproach and
instead ended up building curriculums, large iotitins, and institutionalized the pedagogy to botdstures and theory.
At this stage, we’re not sure when and how thisgydappened.

Indian civilization, which is one of the oldesttime world, is rich in its literature and exampl&s. quote one shloka here
along with its meaning. [Al]

AMATATT TTEHTE TTe T9reT: ST |

TARATI T T2 978 FTAFRHT 7 ||

One fourth from the teacher, one fourth from owelligence,
One fourth from classmates, and one fourth onl tiibe.

From the western world, Charles Jennings propos@d/20/10 model [A2], where he talks about how 76f4earning
happens on the job, 20% with peer/social interasteind 10% through classroom/theory.

Japanese Martial Arts - ShuHaRi [A3] system is wfere for the student to learn martial arts, thisreo need to learn
theory. It just starts with imitation, blindly dajnwhat master does, which then gradually moves asgimilation and
innovation phase.

However, the reality is that we are surrounded myuahelpful form of pedagogy be it book based, tieso lectures or
instructional learning. How do we deal with thiglity and learn better at it for the sake of batadhers and learners?

Even if for a moment, let us assume that the ledinstruction based pedagogy is the only one availad here are several
aspects that determine the success of instructiectire/power point based teaching/training. TWiohe most important
ones are

a) Characteristics of the instructor/teacher/gainTheir energy levels/positivity/ability to ernggathe different participants
by actively listening, being patient and empathggidifferent levels of learners’ interest/diffityllevels in grasping topics
and last but not the least, making the class fighi-hearted. Hardly about 10% of the instructoosgess these most of
these traits. This might look surprising but if We®k and reflect on the teachers whom we recofi@eh school/college
days, it would match this number.

b) Method of delivery (Case in point PowerPoinfy eommon problem with humans is that we often wartransmit all

the information we know to others and think that veare enabled learning. Far from the truth. Evareets fall into this

trap. And so, most power points are full of texformation and often run into too many slides.slffar from effective.

There is only some information that the learner gaasp and digest in a given duration. PPTs thexedce just aids/tools
for highlighting some key words/phrases. A good eowpoint would actually have a lot of relevant wksu

(pictures/cartoons/caricatures. Whatever formha} supplement text. Once again, we have just a»d% power points
that get well prepared.

So, considering (a) and (b), the instructional héay is by and large rendered ineffective. NoteisTik not a criticism
against instructors. Instructors could well be emgwledgeable in the field...but it is one thingkNOW and it is a very
different thing to TEACH/TRANSMIT knowledge.
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The good news is that slowly at-least some edudiat® have started realizing the flaws of this eystind have come up
with alternative frameworks.

Alternatives to Instructional/Lecture Based Pedagog

The best form of teaching-learning process consinieebe apprenticeship/experiential learning. Theraothing more

superior to that. However that is a very expengivaposition today and would need lots of investreeamd trained

practitioners. What could be the next best? Itmagations. Simulations either through basic sofewar through advanced
AR/VR could provide the learner the experienti@rieng to some reasonable extent. But then aganand up with the

practical constraint of costs.

We find quite a few positive alternatives to supmdat the existing pedagogy of lecture or instruetldearning. Story-
telling, audio-visuals and role-plays are formg dn effective and engage the learner. Play/Gaamedlearning is also a
form that is certainly worth looking into and inigharticle, we will see why this could be a morévensal approach than
the others in terms of cost-effectiveness and ebisaplementation.

Before getting started with this, it is worthwhiteflecting on the article “How to Learn AnythingSonmez 10 step
system” by Charles Chu (A15) where a very refreglperspective on learning process captured inattisle, and the
importance of PLAY init.

The author summarizes towards the end as follows

It looks something like this: play> study— teach— play — study— play — study— teach ... and so on. //
The other big lesson? Learning is about play.

Why Play/Game Based Learning?

There are many reasons why play/game-based leasingpactful over instructional learning. We wity and see a few
key reasons.

a) Fail-Safe Learning -> Persistence -> Growth Mindet

One of the biggest challenges in a classroom ighertrainer/teacher/instructor to make the leamenrticipate - Share
their comments, ask questions. No matter how fltieadd non-judgmental the instructor is, thereligags this inhibition
amongst the participants and there will always Iseteof learners who do not participate. The uryileglreason is simple
but extremely important to understand. “What ifska silly question, what if | make an incorrectreoent, what would
others think of me?” We do not want to look badidgratever reason in front of a crowd and henceeprief keep silent.
Going beyond classroom participation, the assessnaso deeply drive the feeling that some peopegaod based on
the marks/grades they score and others are natoas But how does one get over this?

Here is where game/play based learning comes i vandy. A game, by its very nature has playerdifgglagging at
different stages, based on points scored or pregreisieved. A wrong answer or a move is not seenfadure and seen
more in the fun spirit and the player is curiousitaerstand why they went wrong.

Rich Delgado (2015) in this article talks about howganizations are using gamification as a techaitpu help their
workers overcome the fear of failing [A4] He speaxfly quotes the words of the gamification thoudgdder Gabe
Zicherman in this extract below.

Kevin Shane (2012) in another article [A5] talk®abhow games in education help children learndiynfy. The snippet
below is an extract from that article that talkeatbhow games provide a fail-safe environment éoreéhrough mistakes.

Two related aspects of creating a fail-safe legyrénvironment are that it encourages learner tgigieand cultivates
growth mindset. Incentivizes Persistence: During ffrocess of learning, specifically while encountgrnewer
subject/topics/concepts that are perceived monotoo difficult by the learner, it is important persist - i.e. read and try
learning the same topic repeatedly to get betteitgl But given that the subject/topic is alreqayceived as difficult, it is
all the more difficult to make the learner persiithout motivations/rewards. Here is where gamgamification concepts
help. For instance, a game can be designed by eagiag the player to take multiple clue cards terapt the answer to
the same question. Encourages Growth Mindset: aim®@is Stanford psychologist Carol Dweck came up thi¢ famous
Growth Mindset, [A16] that is very key and fundan@no learning. It is making the learners belidhat they can
improve, no matter where there are. It focuses easuring the effort, not the result. Often the stlsgstem measures the
result (or even if they try not to, various diffaetefactors like exams, grades/marks, self-imposeer pressure among
students, parents and the entire ecosystem gives @f focus on results, not just absolute perfano@ but relative
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performance. The end result is that learning ssiffdfe need to realize and remind ourselves comgtiduait learning is the
end goal. Exams and other measurement mechanignmsgsarone measure of the learning. Carol, in herkwwhich she
has captured in the book “Mindset”) focuses onréffdow, in order to put in efforts, especially fearners who find the
topics difficult, it needs motivation beyond thermal and in continuous doses. Here is where gammsde a big positive
environment. They provide a fail-safe environmenptivate the learners with points and encouragedatinue the
learning journey.

An excellent commencement at California State Uity by Randall Fujimoto (2012) on how games/gaexif
environments help us handle the most difficult Eraes of humans — That of encouraging them tofel| fail (try, try,
try again) to learn but in a fun way and that ofspsting with efforts continuously. [A6]

b) Immersive Learning -> Fun -> Happiness -> Flow tte:

All of us have experienced moments where we getlosipletely in some activity. We are so immersethe joy of it that
time seems to come to a standstill or rather, vge koack of time. For some, it could be singing, dthers it could be
reading books, running, painting or any other thifigis phenomenon is called being in a state ofvFlo

But what percent of our Teaching-Learning processwe correlate with the Flow state? Learning, t large continues
to be burdensome or a drudgery (for most peopligh, tive exception of a fraction of people. How waitl be if we could
make Learning Immersive, into a Flow State?

We always remember those teachers or learning iexpes that have fun associated with it. But igete science and
logic behind it? It is and there are a lot of desctalk about how the brain responds positiveljuta Let us understand
them from some articles and research work donehéndissertation titled “A Model of Flow and Play Game-based
Learning: The Impact of Game Characteristics, Rlapmits, and Player States” [A7] by Davin Pavlas2010, the
relationship between flow state, serious gamesl@amthing was examined. The following table and fgguare from that
dissertation.

First let us study what Csikszentmihalyi listedlass factor and what the outcomes were.

Table 1: Flow factors, adapted from Csikszentmihalyi, 19%0 and Nakmmura &
Crikszentmihalyi, 2002

Flow Requirements & Outcomes

A task to accomplish Intense engagement

Ability to concentrate on & task  Intrinsic motivation

A =ense of control over actions Recoptiveness to information
Deep but effortless involvement  Merging of action and awareness

Clear task goals Loss of concern for the self
Immediate feedback Altered sense of time
Matched challenge and skill

If we reflect on any good game, they have all @&sthand hence flow is inherently built into a gatespecial point to
elaborate is about the feedback aspect in theitepgontext. Feedback, both positive and improvenmeiented is an
essential component of learning. In the traditiozlabsroom style teaching and assessment methgddlage is a fairly
large gap between the time a concept is taughtass@nd the time that the learner is assessed @eiit in the form of
classroom tests, exams etc.). One of the biggestndaiges of a game-based learning methodologhaisgyames by design
incentivize correct actions and incorrect actiansnediately in the form of points/rewards or prograsd so as a part of
the learning process, instantaneous feedback ésvext by the learner.

The figure that follows describes what all factoomitribute to the flow state both from the playaits as well as features
of the game. A well-designed game can result idow fstate, which causes immersion in the learningc@ss and
enjoyment, resulting in learning.

The Figure enclosures
(Fig_Flow_Skill_Challenge_Relationship, Fig_Flowcthannel _model, Fig_Flow_Player In_Game_States Betass
from this paper illustrate and help us understaedunderlying dynamics better.
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Challenge

Skill
: Skill-challenge relationship (adapted from Chen, 2007)

Fig_Flow_Skill_Challenge_Relationship
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Figure 2: Four channel model of Bow (reproduced from Guo, 2005)

Fig_Flow_4 channel_model

Fig_Flow_Player_In_Game_States_Behaviours
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Both the figures above are extracted from the sartiele that analyses flow and explains how thegilaraits and game
features work together resulting in end user legnAnother research in this space can be studéed the journal titled

“How people learn while playing serious games: Anpatational modelling approach” Wim Westera [20fR&]ts out the

following diagram (Fig_Flow_Causal_Model_Of Leampitypon_Engaging_In_Game) that correlates how kedgé is

gained in the context of game play. It correlat@sous different factors at work resulting in knedtje gain.

W, Wistera | Josrsal of Computeniosad Scisnce 18 (201 7) 12-45
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Fig. 2. Causal model of learning wpon esgapng in game activiiy
Fig_Flow_Causal_Model_Of Learning_Upon_EngagingGame
c) Learner centricity:

In a typical instructional learning setup in edimadl institutions and also that continues in tbeporate world, there is a
one-size-fits-all approach. Content is the samalicand the instructor does not have the mandatieectime to understand
that each learner has a different inclination, learel learning capacity when it comes to the pawareness of the topic
being discussed. Depending on all of these thaileguthappens to varying degrees. When we use gasn@snechanism to
deliver learning, it is possible to design multifgeels of play for the same concept — so for imstaif there are Level 1
learners, they take a certain version of the gdraeel 2 and Level 3 and so on. Once the learnestana certain level,
they can then take up the next level of game aahlenore advanced concepts. In this article (A8)ahthor talks about
how the 4 different learning styles — Visual, Awdit, Read Write and Kinesthetic are well addredsedsing games and
game mechanics. Here is a shippet of the concldsion that article//Without Games, school for children (and teachers)
would be boring and ineffective in terms of longrtdearning. ...... Making learning fun with educatibrgames and
activities will help keep everyone involved, engbged entertained while developing essential skiistaught on a paper
or in a book//

d) Social Emotional Skills & Peer Learning

A large part of today’s teaching/training involviesparting the domain/subject knowledge and oftemigs the social
emotional skills. Learners need to actively paptiteé and interact with each other and not just lith instructor.
Instructional learning setups typically are betwéba teacher and one student. Games by naturetdeiinteraction
between participants and that too in small groGpsing the play, there is a healthy interactionazsgtn the participants in
discussing concepts and processes that are beit@reed as a part of the flow. Knowledge is not-oray flow. It flows
between the learners, from the teacher to the stuatel student also back to the teacher. The bksthat a teacher can
play today is that of a facilitator, enabling knedde flows of different kinds. In all the approashbat have been
followed, there is always a blended mix of learreoss different levels of expertise/departmelastsées and background.
So, the knowledge flow and information exchangeemegry rich in nature. (A9) In their paper, “Proimgt Social and
Emotional Learning with Games: Its fun and we letings” [2009] Sue Roffey and Robyn Hromek tabaildie following
set of traits as related to Social Emotional Leagr(SEL)
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¢ recopnizing and labelling persomal feelings, strengths, and values

¢ knowing how o regulate and express feelings effectively and safely

*  having a prosocial orientation to others, which s not bound by prejudgment

# heing able #o read and take account of the emotional content of situations

*  being responsible to oneself and others and making cthical decisions

¢ being able to set goals in both the short and longer torm

* problem-solving skills, especially in the domains of personal coping and interper-
sonal relationships

¢ focusing on the positive

o respect for others, incheding valuing diversity

treating others with care and compassion

s good communication skills

*  knowing how to establish, develop, and maintain healthy relationships that promote
connection between individuals and groups

* heing able 1o negotiate fairly

®  Raviig skills to deescalate confrontation and manage conflict well

*  heing prepared o admit mistakes and seck help when needed and

*  having personal and professional integrity demonstrated by consistently using rela-

tional values and standards o determine conduct

They further make an observation saying that temcthese skills are complex and the choice of peghadgs extremely
important. These skills help in developing valued auilding everyday behaviors. It is not just iridual well-being but
also of healthy relationships with others and camommunities. If we look at it beyond technicabnthin and other
aptitude skills, there is a huge need to develepdtiraits as we teach the regular skills. Play&aane one excellent way
to do them

Experimental findings about the benefits of Play

Ever since 2011, | have been exploring, experimgrilay/Game based pedagogy for learners in vadiffesent subjects
and topics across ages, demographics, economigjtmasid and curricula for active learner engagenlerthis period of

about close to 8 years, | have found that a l@dafits in corporate training and children in ediorstl settings, have found
play based methodologies to be highly effectivevercoming most challenges. Games enabled interecthus enabling
peer learning and social-emotional skills. Gamadd:be designed at multiple levels catering to nkeatner types. From
his experience with both adult and student learrdesy has been able to positively impact learri886 of the time by

inculcating interest and creating curiosity in dseetopics. Here are some sample illustrationscaiseé-studies. Not all of
them might have quantitative and detailed metieg.providing to the extent they are available.

Challenges Intervention Impact & Feedback

Fortune 500 Insurance Company IT | A series of insurance related| “Very impressed with the

Offshore unit: board and card games along| visualization of complex topics ang
- Newcomers and the existing with visual artefacts were made simple. Thrilled with the levgl
workforce feeling unmotivated and | created for the benefit of creativity, ownership and
stressed, leading to attrition in their| inducting newly joining teamwork, a SVP Commercial
overall performance employees to teach them Business Line client commented on
- Clients were unhappy with the concepts, terminologies and | the entire experience.

knowledge levels of the associates | process flows relevant to the
- Client BAs were also retiring and | domain.

there were no plans to hire
replacements, instead they were
looking to outsource it to vendor IT
companies.
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The internal cost control change
management for harge IT
Organization’s Business unitwith
over a thousand senior managers

- New managers found it difficult to
understand cost control

- Formal training sessions organize
were not effective and poorly attend
- Most people did not understand th
intent, did not understand
terminologies, concepts, processes

- Business terminologies issy
was tackled by adapting
popular games

- Problems in understanding
concepts and process flows
were modelled in the form of
| a variety of games

edThe front line delivery leadd
ewere reached out to directly
and various different concepf
related to cost control were
explained using games using
facilitated sessions, visual
models and board games
designed to explain revenue
forecasting cycle process

- Empathy debates were
conducted for delivery leads
and finance leads to
understand the point of view
from one another

e

(%)

Refer Fig.1 & Fig. 2

Internal People Career
Management Communication Tean
in the period oflun 2012 to Oct 2014

—

Very positive employee engagemer
and learning in all cases reported. |
the retail accounts, appreciations

received from external client senior
management. Impacted approximately
2000+ employees

—

Fundsindia Personal Finance
Awareness Sessioduring March
2018

Personal Financial education
sessions are boring. Power points
and spreadsheets can only do so
much.

We built a game
“MyLastPayCheck” where
players can invest in six
different investments with the
last Pay Check and get actua
returns with weekly cards
making them go through
different scenarios in life in tk
form of a Board/Card Game

lfun-filled way

—

The session was received with grea
appreciation since users could
experience the risk-return correlatio
types of financial instruments in a

=]

Refer Fig. 3
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Play/Game Based Subject After intense research, Refer Fig. 5
Learning Facilitation for Middle identified about 20 of the

Schoolersin the domain of Social board/card games readily

Sciences/Sciences/Math during Agr available in the market and
2018-Sep 2018
School subject learning becomes Facilitation:
boring/difficult for most children - 4-6 students form one team
from class 5. How do we keep the| and choose one game to pjay
children engaged so that they enjg
the process?

conducted workshops.

Facilitator briefs rules andg
play starts for approx. 45-6
min

Multiple parallel groups of
play happen simultaneously

Groups record
learnings/feedback post edch
game.

<
o

Refer Fig 4

Cost Eentrel Change Management Cllent Feedback

. WISITS AND FEEDBACK
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Fig 1 - Corporate_Cost_Control_Client_Feedback

These were the feedbacks

ﬁ:enﬂ_p' uﬂuﬂwmynfkwhﬁvgfmmm rfrl'ngnﬂ'i:hm nfmr,:hp' mﬁg\eﬂﬂ'rg tbej'hrml: right

MO~ the pome Hat has mode mrmmr}us Wkt i 7L, Wy o we s ity Wihin do we o di7, Wihere
o we mse i, How do we track it? These ove a fow of the guestions that hove nigghed of os. ... A
mﬂnepuwerem!ameﬂtﬁrﬁug.hsmkes i dantefes o gwnew-elurveweapenneufngéw shoms Do

-immovative and fun fitled epproach t frarm the operetions. Thanks to foom for moking s fram things
o effectivelys More thoa presentations proobhoal warkings will bring fn more knowdedige. - DM

tinmifioetion ond Sorytelling is the reitgeist to got-to the audienoe. Its the '
best ead:fake to learning” - inmovation consuitant

Fig 2 -Corporate_Cost_Control_Employee Feedback
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Client Feedback

"W had awonderful experience working with The Gamification Republic - specifically Santhosh and Kartic. We
___mﬂubﬂmtﬂuﬁhthﬂmtnmanmmmmuﬂr\elut:dhuﬂrdpmzltmmeﬁm‘tfﬂlnmtm :
conceptualization to finished product. Santhash and Kartic bed the whole effort, took owr inputs assiduoushy and
croated the game concept, They worked with us subsequently to refine the game, define various aspects of it, and |
come aut with the product. Right through thee process, the efart was professional, thorough, and thoughtfully
U meticuloud. Once the game wad chéated, they sooompanied us 1o & workshop where the garme wad played by first-
time players. It was very well-received and people really got into it and enjoyed the experience.

Santhosh and Kartic understand the principles of game design at a great depth and are very innavative with their
ibeas. It was a pleasure working with them as much as it was a joy to ploy the game thoy developed.”

ﬂ\ﬂl‘lk.i,
] ﬂﬂkﬂﬂllm Fundsindia)

Fig 3 Corporate Insurance_ Cl|ent Feedback
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Fig 4 -Play2Learn_Workshop_Children_Infographic_amic_Strata_BoardSyllabus

Student Feedback Stats

0% 0%

B Awesome
B Very Good
= Good

H Bad

B Very Bad

Fig 5 -Play2Learn_Workshop_Children_Feedback Qtsivie
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Some more invaluable feedback from young minds:

“It is a beautiful way to learn and wish it coulge applied in schools so that students understirislamazing, the way
you learn it” -Varsha (Class 6, PS) “It was nicatéresting interacting with others on board game®at only did we
play games, we also got a chance to create games...”

-Abhinav (Class 9, DAV Boys Gopalapuram) “Loved werkshop. This shows we can learn by playing. dik the
subjects that | thought were boring” -Ananya (Cl&&sBoaz Public) “Workshop was very interesting.ddaus like the
subjects we did not like by playing games” -SanjéG#ass 7, Vidya Mandir) “Outstanding. Wish it conted for 10
more hours” -Merlin Vennila (Class 8, St. Michaélsademy) Parents were also equally excited! “My gtater liked

entire ambience and it got her thinking on howxtead memory, clue-do, monopoly, spot-it game® @nMath-Science
Framework” - Chatura (mother of Riya, class 6)

Figures 6,7,8,9 and 10 provide examples of gameated for various different corporate initiatives the field of
insurance, cost-control and personal finance avessedomains.

IRF Model is deveioped to explain the importance of
revenue forecasting. The model depicts how right projections helps
|\ the company take informed decisions on hiring from external

| market or supplying the demand from the internal pool, IRF is an
| integrated resource forecasting tool which does revenue

| resource co-relation and provides slats for external hire

e, l-,l considering the revenue projections submitted & utilization %,

Aim the basket game describe the Base line (BL), Mast likely (ML) and

UP side (UP) concepts of Forecasting cycle in a game format, Visitors were
asked to throw the ball into the basket from different distances, indicated as
different confidence levels and visibility.

Fig 6 Corporate_Cost_Control_Revenue_Forecast Games

STLC Snake & Ladder ~ UCFE Trade game

Fig 7 -Corporate_Insurance_Board_Game
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Fig 10 -Fundsindia_Personal_Finance_Awareness_BGanche

These are just some samples. Play/Game basedniganas been experimented in undergraduate prograotls, in

engineering as well as in marketing and has shawm positive results. Here are links that have sufipg material. (A10,
All, A12, Al13, Al4)
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Conclusion

With my personal experiences across varied diffteaediences over multiple years, both in the cafand educational
institutions associated with strong research worilable, | feel that games/play in education agedagogy will be
extremely beneficial to all kinds of learners. dtéxtremely important that educators of all kinds this in their mix of
teaching pedagogies and curriculum developmentibatd result in increased learner engagement ag@gments.
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Related Readings

Gamification: Gamification is the application of game-desigmedats and game principles in non-game contextsant
also be defined as a set of activities and prosessesolve problems by using or applying the charéstics of game
elements. Gamification commonly employs game desigj@ments to improve user engagement, organizationa
productivity, flow, learning, crowdsourcing, empé®y recruitment and evaluation, ease of use, usssilof systems,
physical exercise, traffic violations, voter apathgd more. A collection of research on gamificatsfiows that a majority

of studies on gamification find it has positiveesffs on individuals.[4] However, individual and textual differences
exist. https://en.wikipedia.org/wiki/Gamification

The Appeal of Gamification in UX Design: Gamification, as a 21st-century UX phenomenora igowerful tool for

designers to drive user engagement for severabmeag-irstly, you use it to inject fun elementsoimtpplications and
systems that might otherwise lack immediacy orvatee for users, and incentivize them to achievasgydJsers enjoy
challenges, whether challenging themselves (egngustep-tracking devices) or trying to win awai@sg., virtual

“trophies” for completing work-based e-learninggc8ndly, the dynamics designers incorporate inessfal gamification
serve as effective intrinsic motivation, themselvemeaning users engage with the system becaugenmiuet to. For

instance, Foursquare/Swarm promotes users to “Maydrestablishments after so many visits, enabthrgn to vie for

top place while enjoying meals, shopping, moviés, kspiring users by introducing gamificationdran existing system
demands designers to apply gameplay and the steuotuules and goals to “serious” tasks exactlysers would want to
see. You can gamify systems in many ways, from tmwns to encouragement for completing x percerd tsk, with

the ultimate goal of making everyday tasks lessdane while sparking users to become actively istetkin attaining
goals. People enjoy interactivity and satisfyingithcuriosity, and designers can employ a suitageial element to
increase their engagemehttps://www.interaction-design.org/literature/togigamification

Gamification In Education: Today's learners are digital natives and have peofile. They grew up with digital
technologies and have different learning stylesy a#itude to the learning process and higher requénts for teaching
and learning. Teachers are facing new challengdshawe to solve important issues related to theptatian of the
learning process towards students’ needs, prefeseand requirements. Teachers have to use diffevaohing methods
and approaches that allow students to be activicipants with strong motivation and engagemerth&ir own learning.
Modern pedagogical paradigms and trends in educat@nforced by the use of ICT, create prereqessfor use of new
approaches and techniques in order to implemeivedletarning. Gamification in training is one oé#e trends. The aim of
the current work is to study and present the natmé benefits of gamification and to provide someas how to
implement it in education. Full paper http://bit.ly/21ZGJUe

Gamification and the Future of Education: It is a forward-looking report that explores hdve tmechanics and dynamics
commonly found in games can be applied in the dthrea context to improve educational outcomesh tore of this
report is an important policy puzzle: what role slggamification, as a pedagogical innovation, playthe future of
education? In the attempt to solve this puzzles teport addresses four fundamental questions: Hasvgamification
evolved? How has gamification been applied? Whatitaradvantages and drawbacks? And what stratagig$olicies
are necessary for gamification to be incorporatetassfully in education? Full Reporthtip://bit.ly/2kY pClj
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ML Model Management using Python Django Web Framework

Mr. P. R. Ranijith
Senior Software Engineer, SAP Ariba, Bangaloreidnd
ranjith.pavanje.raja.rao@sap.com

Why Machine learning:

Machine learning is a branch of artificial inteigce based on the idea that systems can learrdfatanidentify patterns
and make decisions with minimal human intervention.

For Any Industry to be a market leader in the aurempetitive world, it needs to quickly and augditally produce
models that can analyze bigger, more complex dadadaliver faster, more accurate results — evea wery large scale.
And by building precise models, an organization dasgtter chance of identifying profitable oppoities — or avoiding
unknown risks.

Python for Machine Learning:

Python is widely considered as the preferred laggdar teaching and learning ML. Few Reasons aleeksv:

1. Simple to Learn:
You can quickly pick up on the language and stsirigiit for Al development rather than wasting tooch
time/effort in learning the language.

2. Great Library Support:
A great choice of libraries is one of the main ceesPython is the most popular programming langusege for
Al. ML requires continuous data processing, andh@yss libraries let you access, handle and transfiata. The
Most popular libraries include Scikit-learn, Pandésras, Tensorflow, Matplotlib, NLTK.

3. Platform independent:
Python is not only comfortable to use and easgaon but also very versatile. It can run on anyfq@im
including Windows, MacOS, Linux, Unix and many more

4. Readability:
Python is very easy to read so every Python deeelogn understand the code of their peers and eiplaatn
accordingly.

5. Open Source:
Python is open source and hence anyone can mcklistart using.

6. Strong Community Support:
Since Python is opensource, a lot of Python doctatien is available online as well as in Python caumities
and forums, where programmers and machine leaderglopers discuss errors, solve problems, anddalp
other out

All these factors make Python the preferred langdagML.
Challenges of Hosting an ML based Solution:

We have the data, A good Python based ML algoritfinich does the inference/Prediction with a verydjoonfidence.
Great!

Now comes the next question. How do we host tHigtiem for prediction? we should be able to semdguest (typically a
web request) and get a prediction/recommendati@rasponse.

A web application or a Rest framework is usuallytten in java/dot net or any other web technologied the major
challenge is the cross-language communication lestilee web technologies and the python.

Let us consider a prediction application writterjana-based web technology. Every time a requasesdo the web
server for Training/Prediction, the java threaddse® communicate with the Python ML algorithm -Hethis a standalone
process, for the following:
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Provide Training data

Wait for the python algorithm to finish to get tresult

Preloading the model before the prediction reqoestes

Once trained, Manage the generated Models (stasamgling, uploading etc.)

Retrieve the prediction outcome and any other nesp@arameters returned by python.

VVYVVYV

The overhead involved in managing the above taskde quite a lot and hence we might need a kettenology to
manage these barriers.

Python Django To the Rescue!

What if we had a web-based technology that is cetefyl written in python. Since there would be nessrlanguage
communication, the above overheads could be manageel efficiently. That exactly is what Django does

Django Framework:

Django is a high-level Python web framework that@mmages rapid development and clean, pragmatigrddstakes care
of much of the hassle of web development, so youf@eus on writing your app without needing to x&int the wheel.

( BROWSER ) ORM

File 1O
HTTP GET/POST Business
logics

CLIENT SERVER

As shown in the Diagram above, Django is based ®fCMrchitecture. Below are the main components:
1. View:

It is the Front end of the framework which sitstba client browser. Django supports HTML, CSS, 3axigt as
the main Ul technologies.

We could also integrate Angular framework into Rjarwith few simple changes.
2. Model:

The Model is responsible for managing the Datdefapplication. Django is capable of connectingatigous
databases through its ORM, thus managing in staaadeetrieval of the data.

In a microservice Environment with NFS, Django eésb mount and store/retrieve data from NFS.
3. Controller:
Controller is responsible for all the business ¢aayd transformation/manipulation of the data.un ML use
case, this is where all the ML based algorithm &haeit.
Django from a ML Use Case:

Having known about Django, let's see how we caedage it for an ML use case.
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Django Server module
runnning in Tomcat

As shown above, the two main Aspects of ML use gasdd be:

Training/Model Generation:

» The Request for training (single or multi-tenanuld be intercepted by a Rest endpoint controler lzanded to
an ML based training module algorithm.

» The algorithm generates a model (a protobuf ocklgffile) as output.

» This Model is stored in either Database, NFS, at g& rest call to any storage server.

Inference/Prediction:

» The Request for Prediction is again intercepted Rest handler and is sent to Prediction algorithm.
» The module shall first load the relevant model frive Storage.
» Once the Model is loaded to memory, the Prediatiors, and the outcome is sent back in the response

Model Management in Django:

The backbone of any ML solution is managing thetmeé ML Models. The success of any realtime prediangine
depends a lot on how efficiently we manage the riso(@e a single or multi-tenant environment). Mod&inagement
involves, storing, retrieving, updating, deletingaels from a pool of models available.

Storing the models:
Here are some of the ways we can achieve this Bjenggo.
Store in a Database:

Django can Directly interact with an underlying Blaase with minimal configurations using its ORM.

Hence DB is a good choice for storing and retriguime models.

We can store the model in a table as a payloadseitie metadata information (model configurations).

In a multi-tenant environment, it could be stordthwenant information as well. While retrievingewould
retrieve the relevant model from the tenantld pésse

We could also have a list of (pool of) models faemant and choose the best model based on tkeaselected.

Store in a Disk/NFS:
We could also store the models in the server lygesn and access through filelO.

If the Django is running on a microservice infrasture with NFS mounted and auto mirroring, thear¢hs
hardly any risk of disk crash/ data loss.
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In a multi-tenant environment, one strategy ofiapthe models would be by creating a folder fazhetenant
with the folder name as the tenantld. This way alat go and fetch the exact model for the tenapdissed.

Store in a Storage Server:

The Model could also be stored/Retrieved from dadtedd Storage Server. Django can make an APtlallgh
its Django Rest Framework and store/retrieve thevemt model.

Loading the Model:

The Models could be either preloaded to memory wherDjango server starts or Loaded to memory dsadren a
request for prediction comes.

Preloading the model to memory is a good idea ¢owlsen the models are bulky and takes some tirnertgpute/load.
Also, if there are only few models to be loadeéntpreloading would greatly help in reducing thedietion time (the
overhead of loading the model for each requestdvoat be there).

When a Django server comes up, it readarits py for all the routing patterns and initializatiotisthe model loading call
is plugged in here, it gets executed during theesestart-up.

If working in a multi-tenant environment with a pad models for each tenant (and the models at#)lighe models could
be loaded when a request comes for prediction.ddjafso provides Caching mechanism which coulceherhged for
loading the models.

A Django Admin page:

In addition to all the above, we could also builsimple admin Ul using Django Template or by insging Angular with
Django. The Ul could list down all the models fotreaant.

We could also provide few actions like deletingloaling, downloading, activating models etc.

These actions are not hard to implement since fardd Ul can easily make an Api call to Django seifor the details.

Django Alternatives:

As Python is gaining a lot of popularity with growgi ML use cases, lots of python-based web framesvar& being
developed and are available to choose from. Themaajce include:

Tornado
Flask
Pyramid
TurboGears

YV VYV

Each one of them have their own advantages andwdistages. Most of the framework listed above aierdframeworks.
Hence, they may not be suitable for bigger fultkteveb development.

Django stands out among these frameworks for tiefeatures it has to offer. Following are somé¢hefn:

Django is a Full-stack web framework

It has the best community support among the Idt wiktensive documentation and examples. Hencehieisnost
preferred language for bigger applications.

It follows the standard MVC pattern.

one managing script (“manage.py”) that can be ésefderforming most of the framework specific aogo

custom object-relational mapping (ORM) for commaariicg with the database

a large number of external modules, e.g. Django REE&mework, Django CMS, Django Channels (websa@jket

VY V

YV VYV

When not to Use Django:

Even though there are lots of advantages of usjagd® as the preferred web technology for ML usesathere are also
few cases where It is advisable not to use them.

» If your app is Ul heavy. Although we could integr&jango with Angular by few tweaks, it is not gustraight
forward. Also, we may not be able to use the fuiltrsgth of Angular or any other powerful third-pakt!
frameworks

» Django needs the developer to have the completelkdge of the framework. Not all the Data scien@mhers
would be comfortable with that.
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» Django is usually preferred for bigger applicatiolfigour use case is very simple, then a lightweigeb
framework like Flask would be better than Django.

» Even though Django is opensource and has a goothaaity support, it may not be as good as other web
technologies(java/j2ee) which have very robust &anrk and community support.

» If you are running in a docker environment, theighbe chances that the Django is not supported.

References:

Complete Django Documentatiamitps://docs.djangoproject.com
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Introduction

Data Science is one of the most prominent emerdgmgain in the world these days. To make life cotatde and smooth
various researches are going in and around Datm&zi One very important aspect comes with thithies. Data should
be handled ethically, if not, leads to furthermimsue for individual and organization. At presernthwthe rapid societal
and technological revolution, notions like ‘confidality,” ‘impartiality,” and ‘representation’ areedefined. We
are living in an era where fake news propagatesfaster rate than the truth, our societies amnatcute moment.
At this juncture, we need to have discussions abmut individual and mutual responsibility to handlata

ethically.

Data Ethics (DE) is treated as one of the most iapo challenge of moral problems related to dag.Data is generated
and utilised at significant rate of 2.5 quintillisacords every day, handling it carefully is vemypiortant. Individuals
are being defined by how & where they eat, commutse Internet and time span of all the online atés.
Society is in the midst of a “data revolution,” wkeindividuals and organizations can stack and ym®huge
amounts of data. Data Analytics can bring acros@zang findings and innovations which can empoweg th
society: from applying machine learning to healtteceesearch to binding data to build smart cities.

An essential aspect of DE is, to use Data Sciemreectly. Enormous prospects are provided by Daianse for
betterment of private and public life. Unfortungteduch prospects are also connected to substatttiabl challenges. The
size of data (mostly private) is continuously grogvi The users are relying on recommendation alguorip investigate the
data. This investigation helps users to choose ogpjate products from a variety of available praducThe
recommendation system is the major ethical challdaged by an individual, as one may not be willmghare his or her
online behaviour. This leads to gradual reductibmuman involvement but raise concern related twoaotability and
adherence to the human rights, as sharing privateid unethical.

Appropriate use of data presents various opportisntb provide finest possible services to the sisEhough these new
opportunities come with new challenges, DE playstikde in resolving these challenges. Individuald arganizations are
bound to abide with the principles of DE. There segious legal obligations imposed, when it come<dDE. These

obligations differ with the type of data and theim® from where it is received. Higher Educatiostilutes are including
DE in curriculum to coach the younger generatiothefcountry to understand importance of DE angdbe

Data Ethics Outline

The purpose of this outline is to create respoasildta usage culture in the society where socidiangractise is at its
peak. Figure 1 shows the authors view on the fabish need to be balanced by users concern withlDEhe figure a
scale is shown, balancing the facts to maintainQie Information technology providers can underdtéire core ethical
obligation of the data involved and propose thé&rongs appropriately.

» Ethical Practices: Now a days it is mandatory for organizations tairtrthe employees on General Data
Protection Regulation (GDPR), even governmentstakeng initiative to train the citizens about etididata
usage.

» Moral Values: No matter which country you belong to, the motalie associated with data will be similar based
on the domain and complexity of the data. Primaoyahvalue of the data is privacy, followed by owstep, trust
and respect.

e Code of Conduct: Code of Conduct is decided by the government duedarganizations, based on what is
considered as appropriate and inappropriate fantliemay be possible, what is appropriate for oray/ not be
the same for the other.
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Figuer 1. Component of Data Ethics

Need of the Data Ethics

Responsible usage of data is the need of the Waording to the study conducted in 2019, there3a48 billion social

media users with an increase of an average of 88tyexear. The social media user population hascahdncrease but
most of the users are unaware of the DE principhsrld’s internet users spend on an average 6.8 Hesy online. Google
is the most visited website with first rank, folled/by YouTube and Facebook.

Today’s technology is utilised at a faster rate ttuthe influence of social media and automatiogrgwhere. In this era of
Data, it is very important to have set moral rufes DE. DE is required pertaining to creation, Btgr managing,
processing, distribution and utilisation of dateE 3 also required for the algorithms and resulfarstctices such as
programming, hacking, professional codes and intimvaDE is the need of the hour in order to dewasel endorse
ethically respectable solutions.

As per the study conducted by DataReportal [6]ingian context for the total population @f361 billion the mobile
subscriptions ar87%, 41% population uses Internet aB8% population are active social media users. Theraccial
media users have increased2B£6 in India as compared to the ye2318 In the Indian context average online time per
user is7 hr 47 m, 89 %of Indian internet users prefers mobile messengéts WHATSAPP andFACEBOOK as most
preferred apps. Considering the kind on usage extby the Indian population there is a need foetao$ rules to be
followed so that the individuals can contributeittshare of DE.

Data Ethics Characteristics

These DE Characteristics is presented to encowgtigeal data usage on the core values of the P@digice Code of
ethics like integrity, honesty and objectivity - éamder to deliver better services and informatiafiqy. It will present
authors view about the rules and the principleslegng the usage of the data by an individualrooaganization.

The speed at which technology is changing, we rieeatonitor that the moral issue related to the @ataaddressed
considering ethical value of data usage. It regusaitable guideline which will help data practitiss to use data
responsibly without any ethical issues. The progoggideline will help the government, policy makersd the public
sector to handle data responsibly and understangrtbcess to support the ethical usage of dataivssse data is utilised
by individual and organization for different purposnany ethical challenges are encountered. THesléeieges always
comes with data, but still there is no black andtevtules which everyone will agree upon.
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DATA ETHICS

Figure 2: Data Ethics Characteristics
The key features shown figure 2 includes various elements which needs to be cersidwhen working with the data
like Skillset, Open Innovation, Community BeneRtjvacy, Anonymization etc.

Data Ethics for Individual

The data can be utilised by individual for persoredearch & innovation, individual growth, busindesecasting &
prediction. As a responsible citizen we shoulddwllcertain DE such as:

Key 1: Support vigorous practises and consider youexpertise

Individual should work within their skillset recogimg where the domain expertise is required st krowledge transfer
can be planned. Awareness is the key for individuah as knowing about data, consistent practigeswiltidisciplinary
team, expert opinion, accountability of algorithesting under different conditions, reproduciblsige.

Key 2: Support Open Innovation and Open up Opporturity for all
Individuals involved in design and development dtide transparent about the tools, data and algositused to achieve
the goal. This helps other researchers to inspediitdings and appreciate the novelty of the work.

Data Ethics for Public and Private Sector

Whenever there is a requirement to follow DE ppies by public service providers or data practiierthe following key
points should be considered.

Key 1 - Begin with the data prerequisite and the ammunity benefit

The data when utilised in effective way has theeptidl to transform how public services are deldkrWe must always
be clear about what we are trying to achieve faraiby the data available to provide better sesvibkeed and expected
public benefit analysis is prerequisite beforetsigrthe work with the data. It will help data usé¢o take right approach.
Clear user needs help the government and orgamizati understand the problem. Considering the Diackies
holistically help us ensure public benefit.

Key 2 - Awareness about Legal challenges and Codeamnduct:

Government across the geographies are in the mamfemaking strategies for data usage. Organizataemd service
providers should abide the law followed by the qumlly. To obey this an organization must understhedsignificant laws
and codes of conduct which is applicable to the typdata usage. In case of doubt expert opinisaggcious.

Key 3 - Use Data as per Need
The data must be used in proportion to the usarirements. Only necessary data should be used vididquired for
attaining desired outcome. Over usage of data riwaydswn the processing and increase the waiting tiomachieve the
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desired result. In order to understand that thenishtd data is proportionate to the need, officghtsuld consult public or
take advice from ethical committees and experts.

Key 4 - Understand the limitations of the data

Different type of data have different set of lintibm imparted for the data sharing and usage. Gorent should clearly
mention the data sharing and usage policy for iffesector like civil services, health servicepplation, social etc. It is
the responsibility of a government official to wdsta considering its limitation.

Conclusion

With the use of data comes the misuse of the @dfais essential when we talk about individual, atévor public sector.
DE principles helps us understand different perspeof right and wrong usage of the data. In aage; where data is
involved prior to initiating the work with the datare should always consider the user need and caoiityrienefit. Clear

user need gives deep understanding of the prolany public services can use data analysis to ¢gearsd improve the
services, provide new services, testing new anstiagi policies. So that, it can help officials tentify the impact of new
policies, area of improvement and the needs athpegeographic patterns.

All the officials and individuals involved in dataractices must be aware of legal challenges an@& addconduct
implicated to data usage. The Personal Data ProteBill, 2018 (PDPB) [1] ensures protection of iwiduals’ personal
data and regulates the collection, usage, traasiisclosure of the data. PDPB clearly statetetjislation related to the
different type of data, like personal, personak#ére, data portability, cross border transfepefsonal data etc. The Data
practitioners and Leaders often speak about thetigmable and illicit sharing, collection and usajesensitive data. To
drive change and hitch the positive impacts of daéa, we need collective effort. These efforts needeach beyond
academia and industry to general public, to make world a better place to live. These conversatisinould not be in
symposia, conferences or workshops but also oeeditiing tables everywhere.

The discussion in the article is authors view aliata ethics.
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“You can have data without information, but you camot have information without data.” — By Daniel KeysMoran

“Torture the data, and it will confess to anything.” — By Ronald Coase

“Data really powers everything that we do.” — By Jef Weiner, CEO of LinkedIn
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Using Al to Prevent Vision Loss for Millions Globally
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A Global Healthcare Challenge:

As per the World Health Organization (WHO) the nembf people with diabetes worldwide has almostdgupgled in the
last several decades - from 108 million in 198@ver 422 million people today. By 2040 that numisgurojected to grow
to over 640 million. (1)

Diabetes leads to many complications including tgreask of heart disease, stroke and diabetinoptithy (DR) which

can lead to vision impairment and blindness. s8mated that from a third to half of those withk#tes, or from 150 to
210 million people worldwide have some stage of DRaddition, an estimated 10% or 40 million peopith diabetes

have DR that is considered vision-threatening (VJDR his makes DR the leading cause of preventhlif@ness in

working age adults worldwide.(2)

The risk of vision impairment and vision loss cam dreatly reduced if DR is detected and treatedsirearly stages.
Currently, detecting DR requires a trained eye @otti examine color photos of the fundus regionhef retina for tiny
lesions and other vascular abnormalities causediddyetes. This is a manual and time-consuming gsydat requires
expensive equipment and trained professionals.oftlnfately, many developing countries have an ashitetage of both
specialists and resources to screen everyonekat ris

In India, for example, there are over 72 millioropke with diabetes and an estimated 25 millionadficted with DR and

7 million with VTDR.(3) However, India a nation df.3 billion, only has 15,000 ophthalmologists or a mere 9

specialists per million population. Similarly, Kemywith a population of 48 million has less thar® phthalmologists,
and Angola, with a population of 29 million hasdagkan 20. In addition, to the shortage of traipeafessionals, many
people afflicted with DR live in remote areas wlittle or no access to an eye care clinic or aestireg center. (4)

As a result, diabetic retinopathy has become aajlbbalthcare challenge. The good news is thaoffdrs a way to
automate many aspects of DR detection and scre#mimgan potentially help address this challenge.

How Al Can Help:

Recent advances in deep learning — a branch oh#tl uses deep neural networks have been very sficces a large
variety of tasks including voice and natural lamggigrocessing, as well as image recognition anssifieation. A
breakthrough in image classification was achieve@@12, in the ImageNet Challenge which requirestification of
1000 different categories of objects in a datasettaining millions of images. Since then the ba&bktmodels have
achieved an accuracy of over 96% in the image ifileestson task — exceeding the best human accuemts.(5)

Many of these Al models have now been adapted safidey for use in a variety of medical image diagis tasks such as
melanoma, breast, lung cancer detection and datetthopathy.

In particular, a team at Google published result2d16 of astudy for detecting DR working with doctors in ladind the
US. The results show that their Al model’s perfonee for DR detection and grading its severity waspar with that of
ophthalmologists. Their model had a combined aagyusaore of 0.95, which was slightly better thae thedian of the 8
ophthalmologists consulted (measured at 0.91). (6)

Proposed Solution:

While an Al model can automate the screening péesDR, it is by no means intended to replaceta@sc Trained
professionals will always be essential for validgtihe Al model and for counseling, follow-up aneatment of patients.

The ideal system should combine Al, technology lamehan expertise in ways that can complement edwdr.otn order to
address the global DR challenge, the system dasiguld satisfy the following objectives:

i) Provide the capability to be deployed in remote amderserved areas.

i) Provide the capability to capture retinal imagethwilow-cost device.

iii) Use Al to automate routine screening of DR for nmigjof the cases.

iv) Allow remote diagnosis by trained professionals whejuired for cases that are difficult to diagnadté Al,

allow experts to validate the Al diagnosis, andwlthem to interact and counsel patients.
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In 2018, we launched a project to use Al for eddyection of DR in India to meet the above objexgivThe project was
proposed at the ITU/UN Al for Good Summit in GenévaMay 2018.(7) The proposal was aligned with ofigective of

the conference which was to use Al to acceleraeatthievement of the UN'’s Sustainable Developmeatl$(SDGs), in

the area of health. It was also presented atftb&/VHO Focus Group on Al for Health (FGAI4H) at @aibia university

in NYC, in Nov 2018, (8) and the proposal was pted as one of the first eight use cases of Alhiealth by the

ITU/WHO. (9)

Solution Overview:

An overview of the solution and its major compoisastas follows:

» Patient’s retinal images are captured via funduseras at local screening centers or clinics andupleaded via the
web to a cloud-based server for further processiAglow-cost device that can be attached to a reoplione for

image capture of the retina is also being propdserkmote areas where no clinical facilities exist

» A cloud-based web application for patient regigtratand data entry, image capture and uploadirtggiation with
the Al model, remote diagnosis by trained spedmliss well as patient reporting, messaging anificadion.

« Automated DR Detection: The Al model runs on a renserver and automatically processes and classifeeimage
as gradable or not and if gradable whether itfisradole DR or not along with the probability (oméidence level) of
the classification.

 Remote Diagnosis: Eye-care professionals can |logimotely to the web application to review and date the Al

diagnosis, add notes, provide referral to a spietidbllow-up and treatment options. The systessign will also
incorporate the ability to fine-tune the Al algbrit based on corrections of diagnosis errors bgpleeialists.

* Integrated administrative, reporting, and messadorgpatient communication, system performance mspaand
overall statistics.

Overview of Solution

Cloud Based Al S?r_m\\
) pd
(AI Model

Image Uploaded to Cloud & Processed Qa

Retina image via Fundus Camera or ; -

smartphone based device
Al Diagnosis

ﬂ Clinics f Screening Kiosks _— =

Diagnosis Report <:| --

j Remote Ophthalmologist
t to patient '1
e Ml Verify/Validate Diagnosis

Augment Al Training
Data with validated
images to improve
model
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Implementation:

We partnered with a leading teleophthalmology comyda India with over 275 screening centers in 2es that screens
over 25,000 patients a month for DR. It has aomati network of ophthalmologists who perform theesaing and
diagnosis of DR remotely via a cloud-based appbicat

The creation of an Al model requires a sufficiertlsge dataset of images labeled with the actudribisis classifications
previously obtained from human experts. The lab@ata is then used to train an Al model using suped learning.
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The model uses a convolutional neural network (CNixd the training process fine tunes the weightbie network to
minimize the error between the predicted clasdgificaand the ground truth. A part of the datasatled the validation
data, is not used for training, but used to vaéidhe performance of the Al model on unseen data.

We started by first creating a dataset of approteéiye00,000 images from our teleophthalmology pamtthat had been
graded by licensed ophthalmologists into one of ftiilowing categories: non-gradable, no retinopatimild NPDR,
moderate NPDR, severe NPDR, and PDR, along witeemee or absence of DME. The non-gradable catéggled a
low-quality image that could not be graded andgaei a diagnosis. All images were obtained wittrapriate informed
consent and anonymized prior to use in training.

For the purposes of the first phase of this projeetscope was limited to determining if the DR weferable or not.
Therefore, the images were regrouped as:

i) Non-gradable
i) Non-referable DR — which included No retinopathy amild NPDR and
iii) Referable DR — which included Moderate NPDR, Set&#?®R, PDR, and DME.

Approximately 80% of the dataset was used for ingirthe model and 20% used for validation or testifithe model’s
performance.

The model was trained till it reached 92% accuracythe validation dataset. The sensitivity of thedel at the end of
training was 92% and specificity 93%. Sensitivigfears to the proportion of positive (referable DRRpes that the model
identifies correctly, and specificity refers to theportion of negative (non-referable DR) cased the model identifies
correctly.(10)

The Al model is currently being further tested amtidated with real data while it is undergoinddi¢esting. The level of
accuracy achieved by the model during testing isygarable to ophthalmologists and is considered dabke for
screening of DR. In addition to internal validatishe Al model has also been submitted to the WHO’s Focus Group
on Al for Health, which has the goal of benchmagkial for health algorithms and provide a neutraideépendent
assessment of performance. (11)

Challenges Faced:
In designing the system, we faced several chalkenge

i) Data Curation: The first challenge was to ensuat the data used for training the Al algorithm wedesan. This is
necessary to ensure that the trained model is aecim making predictions on new images. Manydamgal-word
datasets contain invalid data and labels. For el@mpour case the data contained many anteriatsi@e) images of
eyes. Images also varied in quality and includegofdiocus and low-quality images. We created gasate Al model
to remove invalid and very low-quality images fréme training dataset. This improved the overaluaacy,
sensitivity and specificity of the Al model.

i) Speed and Scalability: Design objectives for tHesystem included fast prediction and scalabildyhundreds of
locations. By fine-tuning the model and parameters achieved a response time of less than a semoneturning a
prediction from the model. The system is hoste@ongle Cloud Platform (GCP) infrastructure, teume scalability
when deployed across hundreds of locations.

iii) Data Privacy, Security & Compliance: We desigreslgystem to comply with Indian regulations, coafitiality and
security by using informed consent, data privayrgmnaization, and encryption, as proposed by thetBligmformation
Security in Healthcare Act (“DISHA”) and the Perabbata Protection Bill, 2018. India does not kave formal
regulations on using Al for health but requiresdiignostic reports to be reviewed and signed byemsed doctor.
Since the Al system will be used in assistive madleeports will be reviewed and validated by ghihalmologist.

Results:

The Al solution has achieved clinically acceptdeheels of accuracy in initial testing and fieldals in India and is ready
for deployment on a larger scale. While regulatmpproval for fully automated screening is beingggt it will be used in
an assistive mode as follows:

i) Improve screening throughput: Currently 15% to 20R4mages uploaded are non-gradable or invalidtdugperator
error. The Al system can instantly catch thesersramd require the operator to capture a gradaidgeé. This will
reduce delays in diagnosis and improve overallughput by 15% to 20%.
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ii) Triage and prioritize screening: The Al system @entify higher risk cases and prioritize basedDid severity —
with PDR, severe, and moderate cases receiving thatgeattention and priority screening. This witigrove overall
level of care for those most at risk of vision loss

iii) Quality Assurance: In cases where the Al and aghtblogist’s diagnosis differ, the case can be matically
assigned to a second ophthalmologist for furtheiere. This will improve overall accuracy and de@e@rrors.

We also plan to conduct field trials of the modetountries in Africa, and the far east where thern acute shortage of
ophthalmologists. Future plans include obtainibgAFand EMA approvals for launch In USA and Europe.

Conclusion:

An integrated system using Al can be deployed alesand be effective for early detection and sdrepaf DR, a major
cause of preventable blindness worldwide Al bagestiems for detection of DR offer the followingi@utial benefits:

Bridge the shortage of healthcare professionalspamdde access to screening where none exists.

Increase overall efficiency and scalability of @ntr screening methods.

Provide earlier detection of DR thereby preventiigjpon loss for millions.

Decrease overall health-care costs via earlieriatgions when it is easier and less expensiveet these diseases.

Al based systems would be very useful in countsigsh as India and developing nations in Africa alsgwhere which
lack professionals and infrastructure to screemyeve at risk of vision loss.

With over 420 million people afflicted with diabstaorldwide and 148 million with DR, and the nunbarcreasing each
year, Al powered systems will be critical to addréise global healthcare challenge of DR and prevision loss for
millions globally.
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Artificial intelligence in healthcare: past, presern and future: Artificial intelligence (Al) aims to mimic human
cognitive functions. It is bringing a paradigm shd healthcare, powered by increasing availabdityhealthcare data and
rapid progress of analytics techniques. We surlieycurrent status of Al applications in healthcamd discuss its future.
Al can be applied to various types of healthcarta @structured and unstructured). Popular Al teghes include machine
learning methods for structured data, such asl#ssical support vector machine and neural netwaoill,the modern deep
learning, as well as natural language processingrietructured data. Major disease areas that useoks include cancer,

neurology and cardiology. We then review in moreailie the Al applications in stroke, in the threajar areas of early
detection and diagnosis, treatment, as well asoogcprediction and prognosis evaluation. We corechwith discussion

about pioneer Al systems, such as IBM Watson, amdlés for real-life deployment of Ahttp://bit.ly/2kYdvoj

Artificial Intelligence in Healthcare: the Ultimate Guide: Artificial intelligence (Al) plays a role in manyndustries,

from banking and cybersecurity to product desigth lagalthcare. The benefits of leveraging technolagyealthcare have
the power to impact both your facility and patier@®@me implementations include diagnostic capasliand predicting
disease, customized treatment plans, enhancedagliechealth records and more. This guide has évieiy you need to
know about artificial intelligence in healthcarettp://bit.ly/2mulRoj
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kunal@cropin.com

Recent decades have witnessed a dramatic growlclimological advancements, particularly sincerige of the Internet
and its applications in everyday life. If we stopdadook around, one could observe that technolagy touched every
aspect of human life, be it education, communicatiood, health or lifestyle. Technology, in itvelise forms and shapes,
is enabling humans to achieve more with less, asdpnovided an even bigger platform to innovates Tapid explosion
of technology has also resulted in a surge in big dround us.

Big data is described as both structured and wutstied data that is too “big” to be processed laditronal data
processing systems. The “big” part of this ternsharacterized by the magnitude of its 5 Vs, whimhalume, velocity,
variety, veracity and value. With the steady insea the use of the Internet of Things and mategitdnology, copious
volumes of data is being produced each day usiesgtllevicesA recent report by International Data Corporatitin@)
(1) forecasts that by the year 2025, nearly 41llbiconnected 10T devices will be generating 72ettabytes (ZB) of
data. The pictures we take using the latest smangplcameras, our dietary patterns that we recandj trealth and fitness
apps, our browser history in web applications, cammands to home automation and smart devices, &fachr social
media activity, and videos captured by surveillanoés all form only a minuscule part of the praget 79 ZB of digital
information that is analyzed extensively to delibbesiness intelligence the world over.

Big Data In The Era Of Agriculture 4.0

The Fourth Agricultural Revolution is characterizeg digitisation of farms worldwide and the consequdata-driven
farming as a result of increased use of modermtaolies such as farm monitoring and managememgejadsoil sensors,
remote sensing. The innovative application of tedbgical tools has enabled the collection and pssicgy of invaluable
ground agri-data, allowing various stakeholdersthie agri-ecosystem to arrive at highly informed isieos. This

combination of technology and big data analysis faather facilitated farmers to monitor crop in Irtiane and achieve
higher efficiency and profitability in farm and bosss operations with as minimum input as possthkereby maximizing
crop performance.

- THE FUTURE OF FARMING |S HERE!

- MAXIMISING PER ACRE VALUE

Structure Your Farm Data

On-the-go Reporting & Actionable Insights

@ Plug in Big Data & Al/ML
“TF  Weather, Satellite and Proprigtary Algorithms

@ Extreme Configuration & Automation of Field Work, Crop Advisory,
=~  PoPR Trainings, Events, Compliance and Certifications

%= Enhance Engagement and Encourage Meaningful Interactions
between Field Officers, Agronomist, Farm Managers & Agronomist

Connect your Drone, Sensors and Machines on same

BUSINESS OUTCOME: OPERATIONAL OUTCOME: @/ ) latf ffuture]
platiorm fruture|

Improve Efficiency, Productivity & Build Predictability, Visibility &
Sustainability across your Business Control in your Ag Supply Chain

Cropin

Although many were apprehensive of infusing tecbgglwith agriculture, the benefits and the effextthe agri-tech have
clearly outweighed the uncertainty. Data analytias marked the path for increased efficiency, gtremed productivity
and better sustainability of resources. Today,attméculture sector is in the spotlight for multitiin dollar investments
by governments, development agencies and privaigesnto uplift the farming community and advanagricultural
production. Recent industry figures indicate thetré has beesn increase of over 40% in the amount of globat&tment
in_agri-food technology in 2018(2) Considering agriculture was one of the lasttars to adopt technology, the
applications of big data here are large and plgnt§ome of the widely-used ones are as follows:
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Precision Farming 10T sensors empower farmers to monitor their snojinutely and analyse how the soil, climate, water
and other inputs affect its growth. These sensmlaage the amount of muddy feet required on fiahd, serve as eyes at a
ground-level and provide farmers with vital cropeifigence that could make a significant differencehe yield and its
nutritional value. GPS-enabled drones and farm machinery assess foopseas that need attenti¢®) and facilitate
automated application of agrochemicals exactly@myg where required, thereby ensuring optimal (s&goi-inputs.

Yield Prediction: Capturing plot-level pre-harvest farm data, idahg those of crop stresses such as changes ieveat
conditions, pests and diseases at different paihthe crop cycle allows farmers and agribusinespredict the yield in
real-time and plan post-harvest operations accglylito ensure minimum wastage. Furthermore, otleygus in the agri
value chain can use this data to make calculateididas for their business operations.

Risk Mitigation : Agribusinesses and lending institutions in pafdc are now able to combine remote sensing with bi
data analytics from a farm level to forecast tha’'plperformance or the chances of a crop failorerder tomitigate risks
and make well-informed business or lending decwsi¢4) Pre-configured rule-based alerts can enabi@érs to reduce
the impact of or, to an extent, even prevent cogsés due to pest attacks or crop diseases bypatitig and preparing in
advance. This capability is of critical importartoday in light of the negative impact of climateaolye on agriculture.

Loss Reduction: Big data analytics allow farmers and key playerghe supply chain to track the produce and ensure
efficient and quick movement along the chain tovpre losses due to spoilage. The potent use dicatiintelligence in
combination with remote sensing can be witnessddripe farms, where drones are optimized to spoblpm areas, or
identify crop ripeness for a perfect harvest. ddition, predictive models constructed on farm dza provide the right
solutions for efficient food distribution and cuiwin food wastage.

Supply Chain Management Multi-stakeholder platforms today have the unicpegential to bring together different
players in the agri-ecosystem such as food procgsssailers and distributors for a highly-colladiive functioning. This
reduces dependency on individual agents, and ithgie@motes a more transparent and productive dpegsatMoreover,
import/export regulations are now better monitotieainks to digital records of farm operations tmalicate crop quality
and nutrition value.

Farm-to-Fork Traceability: With increased awareness among consumergtamiddemand to know the source of their
food, (5) more and more agribusiness and food brarelsrsuring traceability of their products. Captgritata right from
sowing to distribution allows brands to go back &magk the movement of the produce or the produadtidentify issues if
any, and it also allows concerned consumers toasssired that the product has been ethically astdisably sourced.

Farm to Fork Solutions
Supply Chain Solution
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Sustainable Farming: Leading-edge technologies such as drones, ren@isoss, Internet of Things, and artificial
intelligence consume big data in its various foinislligence that is progressively improving susédiility in agriculture.
In a world of growing population and diminishingsoairces, these technologies are ensuring optimenofuand, water
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and other resources to provide for global demanisowt taking away too much from future generatiombey also
provide practical and scalable solutions that aiddnserving natural resources, which in turn sustagriculture.

Impact

The effect of big data in agriculture is far-reahiand we are only in the nascent stages of exygiats applications in
agriculture. Big data has proven to be fruitfuldieveloped nations where adoption of technologyresady at an all-time
high, and it also has much to offer to rural ancaléimlder farmers, who have just begun their foiretp smart farming.
Big data coupled with other modern technologiesehatreamlined agriculture into a sector that ishlyigcapable of
providing much more even with the current limitasao farming.

Big data analytics provides the agri-ecosystem witHepth insights that educate farmers about ttrip and soil, and
help them understand their unique relationship it ecosystem. This knowledge facilitates thermake significant

changes in the way they farm, to produce cropsatatealthier, bountiful and more nutritious. Bralysis of decades
and centuries worth of data has allowed researcheisntists and agronomists to forecast crop steeand recommend
practical solutions to prevent excessive crop I&ssthermore, farmers are now able to sow and Batheir crops at a
time that is favourable for a generous harvest.

Diverse applications of agri-food technology arevnable to analyse records from the past and theepteto advise
farmers and agribusiness on the precise quantitgrefluce that needs to be cultivated to match coeswdemands.
Farmers can thus reduce food waste by producing whhat is required, thereby saving time, money aggburces.
Technological innovations in the supply chain carihiferreduce food losses estimated to be worth $1.%otrilby 2050

(6) by enhancing and optimizing processes involuddgistics, storage, and distribution.

In research stations and laboratories, the dataatet! from the farm during the length of the waltion cycle is also being
used to develop seed varieties that are climaibers high-yielding and require minimum inputsn@he fields, agri-tech
solutions are monitoring farms day and night eaaf @ith minimum human intervention. Satellite monihg, sensors,
drones, and other unmanned agricultural systems tbduce the dependence on physical manpower orhamd and
improve accuracy and productivity on the other.

If there is one sector that affects every individurathe planet, it has to be agriculture. Big datss has a profound impact
on the lives and lifestyles of people across deaqaigics. In such manner, data captured from farfortoplays a critical
role in realizing the Sustainable Development Gaadsdefined in the 2030 Agenda for Sustainable Deweent.
Enhancing agricultural productivity results in fosecurity(7) for all and improved livelihood for the farnseDeveloping
nations that can produce more can also providembk&itilities to the marginalized farming commueiti thus raising their
standard of living. An increased yield with exigtiresources also helps to safeguard the ecosystenlibhg out the need
for more land by clearing forests, which furthetsapur battle against climate change.

Modern technologies time and again have proved Higlity to adapt to the needs of different sestargardless of how
traditional they are. Agri-tech, still in its nastestages, is expanding its reach to leveragelibadance of big data in the
agri-ecosystem to provide unique solutions for digeglobal problems, and ensure quality food, fawtifibre for all.

Cropln Technolog'g (8) platform consumes agri big data from renssasing technologies and ground data to power its
AlI/ML models, thus enabling an interconnected neknaf all stakeholders in the agriculture ecosystenanalyze and
interpret data and derive real-time actionablegims on standing crop. Businesses use Cropln’stagjni solutions to
effectively drive their initiatives around Digitidan, Compliance, Sustainability, Predictabilitydamraceability. The Al-
driven insights generated in Croplin’s platform thgh satellite imagery, ground sensors, and wealdiar not only provide
food growers with a better understanding of thed lander cultivation, it also helps in improving aunderstanding of
cultivable land for the future. The historical areél-time data present a wealth of information tet help governments
and developmental agencies make meaningful, forleaking policy decisions.
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Related Readings

Big Data in Smart Farming — A review: Smart Farming is a development that emphasizesigheof information and
communication technology in the cyber-physical fam@anagement cycle. New technologies such as thenkttof Things
and Cloud Computing are expected to leverage tagldpment and introduce more robots and artificitdlligence in

farming. This is encompassed by the phenomenonigDRBta, massive volumes of data with a wide varteat can be
captured, analysed and used for decision-making fdview aims to gain insight into the state-aé-tirt of Big Data
applications in Smart Farming and identify the tediasocio-economic challenges to be addressedwialy a structured
approach, a conceptual framework for analysis waldped that can also be used for future studiethis topic. The
review shows that the scope of Big Data applicationSmart Farming goes beyond primary productibis; influencing

the entire food supply chain. Big data are beingdu® provide predictive insights in farming op&nas, drive real-time
operational decisions, and redesign business mese®r game-changing business models. Severabrautherefore
suggest that Big Data will cause major shifts ilesoand power relations among different playersurrent food supply
chain networks. The landscape of stakeholders #ghilm interesting game between powerful tech conega venture
capitalists and often small start-ups and new atdgraAt the same time there are several publigtingins that publish
open data, under the condition that the privacgeséons must be guaranteed. The future of Smamifgmay unravel in
a continuum of two extreme scenarios: 1) closegppetary systems in which the farmer is part bighly integrated food
supply chain or 2) open, collaborative systems hictv the farmer and every other stakeholder incth@n network is
flexible in choosing business partners as welltfigr technology as for the food production side. fithther development
of data and application infrastructures (platformsl standards) and their institutional embedmelitplay a crucial role
in the battle between these scenarios. From a-satnomic perspective, the authors propose to mgisearch priority to
organizational issues concerning governance issng@suitable business models for data sharingfierent supply chain
scenarios. Full Review Papertutp://bit.ly/2ktoVAp

Data Science in the Indian Agriculture Industry: Agriculture is the backbone of the Indian econoimyt the industry

currently needs more support than any other. Iidacountry of over a billion people in populati@ut of which, over

70% of the population lives in the rural areas.nWMi0% of the country’s workforce, agriculture isnajor industry and an
influencer of the Indian economy. Despite this,citétribution to the $2.3 trillion economy is justmeager 16% of the
entire GDP.Agriculture in India lacks institutionattention, support from banks in terms of loand &rmer welfare

schemes, and suffer from a myriad of disasters tkpleting groundwater levels in rural areas, denahange,

unpredictable monsoon or lack of it, droughts, deounfair price fixing policies of produce, migoat of farmers towards
the cities in search of better paying jobs, andeanégriculture is one sector responsible for fegdinery individual, but

the people involved in it are the last to be takare of. After failing institutions, time has indeeome for technology to
take over the change. With newer problems croppm@very day in the most inevitable indigenousasctt is high time

we resort to emerging technologies for solutional Post athttp://bit.ly/2m15EGS

Big Data and Climate Smart Agriculture - Status andImplications for Agricultural Research and Innovation in
India: Climate change will increase the vulnerability gfriaultural production systems, unless scientistd &armers
reorient their present approaches toward makingntioémate smart or climate resilient. The integratiof recent
developments in big data analytics and climate ghastience with agriculture can greatly acceleagtécultural research
and innovation for climate smart agriculture (CS&SA refers to an integrated set of technologies amractices that
simultaneously improve farm productivity and incanancrease adaptive capacity to climate changectstf and reduce
green house gas emissions from farming. It is dirstdlge, multi-objective, data-driven, and knovgedased approach to
agriculture, with the farm as the most fundameuntat for both strategic and tactical decisions.sThaper explores how
big data analytics can accelerate research anddatioo for CSA. Three levels at which big data eahance farmer field
level insights and actionable knowledge for thecfica of CSA are identified: (i) developing a pretdie capability to
factor climate change effects to scales relevafiétming practice, (ii) speeding up plant breedioghigher productivity
and climate resilience, and (iii) delivery of cusiged and prescriptive real-time farm knowledge Hiyher productivity,
climate change adaptation and mitigation. The si&mt on big data based approaches at each ofhtiee levels is
assessed. The paper also identifies the reseadcimstitutional challenges, and the way forwardlémeraging big data in
research and innovation aimed at climate smartalgure in India. Full paper atttp:/bit.ly/2m1iHbi
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Customer Experience

Providing exceptional Customer Experience is a tmxk of Businesses and one of the most importacibfa for its

success. The customers interact with the Enterghiseugh variety of channels. In order to make tluach points

impactful, contextual and interactive yet cost efifee, the Enterprises are increasingly resortimgself-service based
services that leverages Big Data and Artificiaklliyence based solutions.

Managing Customer relationships and sentiment tiirawaditional CRM systems are inadequate in the aefgmulti-
channel, open market and accelerated decision-maki@narios in which the current customers opefdte.trends, tastes
and preferences are changing more dramatically thithadvent of B2B e-commerce platforms and busimggrations
24x7.

Business
Market, Frgdurt Intelligence Transactional
Trends, Recalls, intelligenc
Feedback pelieee S
PR Customer Insights Moments of truth
T With Sig Dieter and Arealyiics J
Market Enhanced CRM W SRR e Service call
e Consumer inforrration to-exiioct
Intelligence Experience Intelligence v T

—

EXCERAG EXEETETE

Chats

Customer

Demographics Enhanced

Approach

Traditional

Approach

Social Media
Intelligence

Figl: Customer Experience and the role of Intefiggs
The key pillars of Customer Intelligence come friva four pillars of

Market Intelligence: This gives the signals frora tharket

Business Intelligence: Gives out the past behadfitihe consumers

Social Intelligence: Indicates the sentiments amdent thinking of the customers
CRM Intelligence: Provides customer transactiomsafach context of their behavior.

PN PE

These four pillars are traditional and retrospectwnd hence needs to be enhanced to leveragenfichnation emanating
from all the sources by integrating multi-Intelligee data. Increasingly, more intelligence datarstuctured in text
formats, video and audio. The technologies of BagaDand Artificial Intelligence paves way to inntiva solutions to
build solutions that could deliver exceptional @unser experience.

The Role of Customer Service Centers

Most enterprises experience the “moments of traththe time of customer service (for instance, st tr stolen credit
cards, inbound sales call, feedback on productstsgra canceled flight, a damaged piece of clgthior investment
advice) when customers invest a high amount of iemat energy in the outcome. These interactionse hea dramatic
impact on the Customer experience. Analyzing thetsgactions can give deeper insights into procpsgpormance, and
customer experience issues.

Customer service centers are dominated by voiegdations between customers and service centetsagelno are the
face of the company. In general, the audio cat éarchived for reference and not mined for @ustr interactions and
extract value from them. It is exhausting to héwsr tapes; hence this source of rich data is rdytigaored. Often this
data is never accessed, unless there is a spiaaian such as an escalation or a dispute. Mdstmation is hidden and
should be mustered from the customer call data.
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Typically, conversations such as below dialogues last forever due to not utilizing the speech déat tconversion
solutions.

= Repeat interactions where the customer indicateyl thached before
Sample phrase&called earlier,” “called twice already,” “third time | called,
“couldn't get through," “had to call back,” “haved keep calling”

= Repeat calls where the customer indicated thaieissd gone unresolved
Sample phrase&eeps happening,” “never heard back,” “hasn't rdsed it,” “having the same issue,
than a week,” “I've been waiting,” “was supposeddall/email me”

= Interactions where customers complain or expressatisfaction
Sample phrase&frustrating,” “you people,” “ridiculous,” “mislead ing,

= Interactions where customers express appreciation
Sample phrase$you’ve been so helpful,” “thank you for caring,”you deserve a raise”

= Interactions where agents were unwilling to hegp¢hstomer
Sample phrase&end of my shift,” “not my problem,” “I don’t hand? that,” “that’s our policy,” “can’t give that
out”

spoke to someone yesterday,”

been more

annoying”

Speech Analytics

Speech Analytics should help organizations enrigtamer interactions, improve business processespptimize their
work forces to enhance loyalty, increase revenutgate risk, and manage operational costs.

Of all the cognitive senses - Vision, Speech, Snialuch and Taste do not lend themselves for egdaitl analysis by
Computers. The signals that can be measured, eapturd stored in some digital format - Vision, Sjeare detected,
sensed and recorded and are currently being cotignafly handled. Various human systems are modeNésion has
innumerable applications.

Speech and Voice Analytics are also exciting fielgee with opportunities for the application of Nedl Language
Programming and Neural Networks. The enterprisesapidly finding use cases that could leveragee&8pdénalytics.

The process of Speech Analytics starts with speecbgnition, identifying various phonetics, accetse, mood, mixed
language; which creates very challenging problemn€Riesearch. The traditional models of speech ¢rgton are slow,
labor intensive, error prone and cumbersome. SpAgealytics can be of two variants:

Archival Analysis:

This is accomplished by mining intelligence fronotisands of recorded calls/chats essential for ftipg cost drivers,
trends, and opportunities; identifying strengths areaknesses with processes and products; andstadéing how the
products/services are perceived by the marketplace.

It helps in identifying trending inquiries and prdes a very rich “sandbox” to uncover various sc@sato develop
triggers as well as identifying common pain poiwitshe customers.

Many archival analytics were deployed successfolgr the years in Enterprises. To enhance thedeafpns to include
real-time speech analytics allows much deeperlitsignd ability to respond to market conditions enappropriate.

Synchronous Analysis:

This may be considered as Real-time speech amalytican leverage indicators within the call casetions and analyzes
them to proactively identify opportunities and qriithese conversations towards the desired outcomete beneficial to
both the customer and the business — as the ceall& grogress. These analytical solutions may ejtine contact center
agents by providing contextual guidance just atriet instance — when they need it, in real-tileesenting actionable
information in real-time with the right context pides a clear and significant competitive advantagee solution is
especially critical when dealing with compliancegulations and industry mandates. Increasing cuestaetention and
First Contact Resolution.

This is accomplished real-time and continuously itesad and tracked; which allows the service cetiter ability to
provide superior customer engagement, handle gitsaat the right time to mitigate attrition anc&stions.

The Architecture of a Speech Analytics solution
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The Speech Analytics solution has is an intricatelgnected heterogenous software platforms, strepand APIs. It also
uses Machine Learning Atrtificial Neural NetworksdadLP. The enabling components of this solutionilwstrated in the
diagram below:

Ir" i
Real time Call Signal Archived Audio Call Conversation Audio Extract from Video
R — R —
Voice Emotion
Speech API ~_Emotion API
: .~ Mood, Valence Analytics
Transcript
‘ - Aousal, Temper = Service Rep Scoring
> = (utlier detection
0 (ﬁtrean‘;r;g | = Session benchmarking
ata Collection & Processing = Trendina Tovics
— s
= Floor Analysis
= Sentiment = Problem Resolution Analysis
Machine NLP |= Mood = NPS— Net Promoter Score
Learning \ = (ustomer Traffic Analysis
Knowledgebase \Ji Raals G
Trends Ticker Scoring  [€— = Voice data/ Analysis > Polarity
= Transcripted text Transcripted Text
= Summary Mood
Fig2: Components of a Speech Analytics System
Streaming:

The Streaming module is handling by a Big Dataaisifitucture like Spark and will employ two APIs.

Voice Transcription

Convert voice to text using Statistical machinestation techniques and Sentiment of the custoieaging).Capture
the voice stream by applying various text and aytacessing techniques. Understand the sentimentge#l as mood of
the conversation for a customer service call.

One to transcribe the audio chat and the othexta& the mood or emotion. This functionality ish@ved through
Emotion API. It also deciphers the feelings andrtieaning of a conversation.

Monitor calls as they happen by detecting wordsapés and key topics of conversation. Audio sniffith configurable
keywords can also be used for escalations.

Creating and enhancing the Knowledgebase
= Two-way voice data (Customer and Support Executive)

= Results of voice analysis (quantitative and quili¢g
= Transcribed Text

= Polarity, Sentiment, Word cloud

=  Summary and conclusions

Analytics

= Agent Quality Scoring Score service center agent on various complipacgmeters to enhance the quality assurance
practices. This will also help to identify trainiagd resource re-allocation requirements.
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= Topic DetectionProvide sophisticated conversational analyticawtomatically identify, group, and organize the
words and phrases spoken during calls into thehedging to reveal rising trends and areas of opmitst or concern.
The solution should identify themes automaticattyntinually refine them, and add new themes ovee ti

= Performance Analysis of the Service cen&ould process thousands of unstructured datdlyaginalysis of this
information should provide information about cusesreentiment, up-sell and cross-sell opportunities.

= Real-time Mood Analysis Analyze mood (Emotions) of the customer in a cosagon. Customer service will
enhance tremendously by knowing the moods of tlstooer and intensity of conversation which willoals taking
necessary actions to provide better service foctistomer.

Al and ML Techniques in Speech Analytics

Various Al, ML and NLP techniques are used in thidution. The flow of Analysis of a Speech Analysigstem is
represented in the diagram below:

Text Analysis Structure of the Chat ’ Analyze and Quantify

Text Categarization Topic graphs Derive Generic KPIs
o M-gram o Legical Chunking (blocks of
o Entity Extraction and tagging convarsation) Chat Scorecards
o Text Rank a Topic Sentiment
Identify process adherence

Sentiment Analysis Detect ;

o |nsults. Sarcasm Outliers
Trending topics o Other emoticns ’V

o Fatal occurrencas

Apply Evaluation rules
{based 0 : es)

Qualitative Analysis

o Mechanical Turk

o Concepl Coding

o ML based on validalion

OfF CLIS

Select Chats

Fig3: Text Analysis Components for a Conversation
Major benefits for a Service Center:

Analytics has a great potential to enhance custgpeeception by pre-emptive actions that will resualtpreventing
customer dissatisfaction and increase customeglitekchieving a superior service center perforraaitie following are
some tangible benefits of the system:

Enhanced Customer Handling

Customer service will enhance tremendously by kngwhe moods of the customer and intensity of csaten which
will allows taking necessary actions to providetéeservice for the customer.

= Quickly resolve customer issues thus improving @ustr Experience. Analytics can be used to prediell“Reason”
or identify the “Next Best Action”

= Proactively address needs thus arresting Customtgtigh by tracking the trending issues and aceesst relevant
answers

= Predict consumer demand: Prevent- Prepare- Resg®edover Structure through anticipated future bigha

= Adapt recommendations through 80% Recommended Raswd achieved through Information Retrieval, @ont
Management and Wikis

= Recommend and help fine-tune products and sertheesshelp enhance revenue by up-selling and cedkisgs
Speech analytics may enable the agents to hansiieraar resistance while selling. The solution nuntify a
customer’s eligibility, the potential product ofhinterest.

Smooth Operations

The efficiencies will further improve by knowingelhrending call center enquiries and deployingritjet person for
answering the right issue.
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Call Forwarding to most appropriate Staff

Help to Identified Most Efficient Employee to talp the calls

The Best CSR handling a given customer: Recommearttematching

Create Lasting relationships by improving ServieealQy

Implement effective self-service and help reducer@fing expenses

Ensure incoming calls are retained, engaged amitedr Adaptive and Smart IVR

Final thoughts:
Competitive advantage of a company often dependsamtitipating and addressing market needs
competitors. Calls received by the service cerdargive a telling indicator about your business auadket.

fasten the

e Serves as an early warning system to identify sfadore they escalate and impact a large crosesexf
customers. Speech analytics can be used succgdsfidentify if escalation was required duringad @nd

effectively guide the agents to transfer the @l supervisor if the situation warranted.

e Speech Analytics can be a great transformatioremtagot only for the contact center but acrossssaha
compliance, IT and any other customer-facing depants.

e Helps you optimize customer engagement and sestiagzgies by revealing trends and opportunities

rketing,

e Drives adherence to compliance by quickly reveategulatory breaches and failure to adhere tornalgyolicies.

The combination of post call and real-time speeatydics significantly improves pre-emptive actichst will result in
preventing customer dissatisfaction and increastauer delight; and achieving a superior contastereperformance.
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Potential of Integrated Data Geography as a new
Systems Engineering Approach
Dr. Tapobrata Lahiri ( tlahiri@iiita.ac.in )

Mr. Rajnish Kumar, Mr. Manoj Kumar Pal and Mr. Nilo tpal Pramanik
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This article introduces the concept of "Integrafeata Geography (IDG)" approach which stems from ¢bacept of
Integrated Geography or Integrative Geography (IG)in its definition is the branch of geographwttdescribes and
explains the spatial aspects of interactions batwaenan individuals or societies and their nateralironment, called
coupled human—environment systems [1-2]. Basiagdlygraphy is of two types, spatial (i.e., environtakgeography),
and, human geography. The third advent is intedrgemgraphy which is of course assimilation or diogpof these two
information to gain a holistic or connectionist wieof the system as a "integrated system". For el@ngocial and
religious practices of a human group at a particgkeographical location might have been rooted fritwn need to
withstand geo- environmental pressure within tratipular geographical location. Therefore, if virdfthe same practice
prevalent in some very distant geographical locattben possibility of migration of same human ratay be mooted
upon.

Continuing with the concept of IG, we thought titatnight also be interesting to employ this apptoas an additional
component of Systems Engineering to get more inkdegormation about the system through pullingiready reported
(i.e., results of publications) pieces of informatiand putting them together under a framework at5cience, whereas,
Data science is a "concept to unify statisticsadatalysis, machine learning and their related ousthin order to
"understand and analyze actual phenomena" with [@&tdt employs techniques and theories drawn froany fields
within the broad areas of mathematics, statistifermation science, and computer science, in palgr from the sub-
domains of machine learning, classification, clusa@alysis, uncertainty quantification, computaséibiscience, data
mining, databases, and visualization.

In the backdrop of a huge amount of research regmeing cumulatively piled up daily as publicatipitsappears to be
necessary to tap this huge information treasureeftactive analysis of a system from a Systems &g®jing View.
Proposal of this approach is distinctly differemtrh Meta Analysis approach which deals with stadtsummarization of
same System Property or System Issue worked updnpahlished by various researchers. The systemmesring
approach being proposed here stands on the prémaisefor a particular system, its different issoegproperties worked
upon and published by different group of reseacimeay be judiciously combined to achieve a pariculew Systems
Engineering goal about this system without doing famther experiment or work on this system. Asatly stated, under
current circumstances, a substantial amount ofrted already performed research on different gsiiesns of a particular
system appears to make such approach plausibldufber clarification on this proposed approadilofving examples
may be found to be useful.

First example is about phishing in biometrics bagersonal identification. For attempt of phishimgai fingerprint based
personal identification system, the target maydeédtect data-defect for a typical personal fingatpin this regard, it

may fail for a particular type of derived data eature, but may be successful in detecting phishitegnpt through use of
different features and combining different featargputs under rules of assimilations.

Second example is a VLSI design which is waitindp¢éooptimized as target hardware or diagnosed affeult. For both

of these cases, the standard practice is to acliieeough trials and not under any establishestesys engineering
framework or anything similar to IDG.

Third example is an automobile system which is @ooptimized for the purpose of the intended ussay Defense) or
diagnosed after a defect. For this purpose alsdate science or systems engineering frameworkaistiped.

Fourth example is of medical diagnostic or thergipesystem, where it is of frequent need to assitailinformation
obtained from various tests towards diagnosis abdeqjuent planning of treatment.

To give a mathematical framework of this concéphay be said:
For a pool of logical lemmas,
L={Li},fori=1, 2, ..., N,

if,
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i) all of these logical lemmas serve as supporfgrdwe our proposition to build a theorem, T £1(for f is a function in
broader sense which is derived through judicioussgle inter-connectivity of all the members of Ld atbso,
i) these lemmas represent complimentary form ekssary and sufficient proof of T,

we may consider the analysis of the system is ctibipaand doable under the paradigm of IDG. From #ibove-
representation although it appears to be very alsviend commonly practiced method of analysis, wigchctually so
among crime-investigators or detectives, use atiddemmas in Science and Engineering is yet tiobmally introduced.

The following argument appears to further strengttie basis of such new Systems Engineering conmp@heng with its
difference from the existing Data Science approactme such example is, Meta Analysis, which itatistical analysis
possible under a condition that all different pshbéd results should have been produced under rezarg methodological
steps only so that a statistical estimate of aanishéd goal parameter may be obtained. HoweveD@ it is not mere
estimation of a parameter, but to obtain necessadysufficient support from outcomes (i.e., Logicammas in technical
sense) of analysis of different sub-data’s exthdtem different sub-systems of the whole systenassert about the
proposed behaviours of the system. To say geogralbhi these sub-datas can be thought of reprebasdeof different
entities (like human) attached to different geobiegl part of the data derived from different syistems. Since the data
in this regard may be even a typical nominal scl& (e.g., a class decision), therefore, the re&cdhis approach is
supposed to be beyond the scope of usual Systegisdening approach. The need of such IDG appraauitieasing day
by day due to availability of results of huge ambbuwf experimentation being carried out over a gsyste
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A large number of global companies are outsourpimjects to distant countries. A number of themrarming Offshore
Centers in these countries. These companies hayreemied their project teams in their global Heafic®@f(HO) with the
Offshore Center teams. The projects are distribatedss the Offshore Center and HO, with the mamsagehe Offshore
Center and the managers in the HO leading thgdertive project teams.

The HO management of some global companies thimkistheir Offshore Center teams are not capableeapdrienced

enough to be able to execute core and complexgisojelence, they offload only simple projects te @ffshore Center.

For example, if the company is developing prodtiees it will offshore only projects such as addsimple features to

products and maintenance of legacy products, blitnei offshore projects for developing core featuof the products.
The value addition of the Offshore Center to conyfmrevenues is then low. Further, since the OffsHoenter does not
offer opportunities to work on challenging projedtss unable to hire, retain, and motivate goaleént, especially capable
and experienced professionals.

This article suggests some techniques for the OfésiCenter managers to convince the HO managemeoffer them
high-value, core, and complex projects, which cgmicantly increase the contributions of the @iffse Center to the
company’s revenues and help the Offshore Center tgtain, and motivate excellent talent.

We start by presenting the problems faced by thishofe Center if it is offloaded only peripherabjacts. We then
suggest techniques using which the Offshore Cem@magers can convince the HO management to ofitoae and
complex projects to the Offshore Center. We corelogd discussing the benefits accrued to, bothQttighore Center and
the global company as a whole if core projectsoffteaded to the Offshore Center.

l. Problems in only offshoring Peripheral Projects

The approach of the HO management of offshoringg eoime peripheral projects creates a number oflgmbin the
Offshore Center:

1. The teams in the Offshore Center are capablaginto deliver on more complex and challengingcgasaents.
Since they are being offloaded only simple and tewenue generating projects, it severely limits @féshore
Center’s contributions to the company revenues. Qtighore Center then keeps growing in terms ofragichore
employees but it fails to add significant valuethe company. The full potential of the Offshore @erneams is
not realized.

2. Since the employees in the Offshore Center ar&ing on low level tasks/projects, much below tlesipabilities,
they become demotivated. Their job expectationsatédbeing met with the lack of challenges and oppities
in their jobs. They are demoralized, which refldatéower productivity, and it results in severegative impact
on the deliverables of the Offshore Center. Suahatalization even causes attrition of experiensesjor, and
capable Offshore Center employees, who decideitiocfmmpanies that give them opportunities to wanknaore
challenging projects.

Thus, the Offshore Center has severe problems tivatimg and retaining its core employees.

3. Experienced and capable technology professomalthe industry prefer to join companies thatepfthem
opportunities to develop core products and workcomplex, challenging, and exciting projects. Sirke
company’s Offshore Center does not offer such dppdies, such professionals refuse to join it.

Further, it becomes even more difficult to attrexperienced managers from the industry since theynanaging
large and highly complex projects in their currgaiis. These senior managers refuse to join an GfsBenter
where they would only have opportunities to maremae small and peripheral projects.

Hence, the Offshore Center can recruit only medi@anrformers with low experience levels, both ia tidchnical
and managerial ladders. The presence of such ateaakin the Offshore Center results in decreasediugtivity
and output of the center. Thus, the cost-savingtitesf offshoring becomes quite low for the compan
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Any company must realize that if its Offshore Censeexpected to make any significant contributjoihen it
must have capable and experienced managers amdc&gbrofessionals.

The basic purpose of the decision of the HO mament to offshore only peripheral projects wag thase
projects would be successfully executed by whay thesumed as “mediocre professionals” in the Offsho
Center. The irony is that with all the factors dissed above, even such peripheral projects sfilingfan the
Offshore Center!

Let us consider the example of an Offshore Cergerghoffloaded only projects to maintain large iegaroducts
of the company.

Since capable and experienced technical profedsiand managers refuse to join the Offshore Cetiteir, team
then consists only of mediocre professionals watlv Experience. The HO management expects suchhattea
deliver on the supposedly simple maintenance pi®jec

The HO management fails to realize even maintenpngjects can have some complex requirements, whieh
inexperienced and mediocre talent in the Offsharpt€ will fail to handle:

e Customers keep demanding additional features iacke@roducts. Some of these features can be complex
which can be implemented using only new, advanaad,complex technologies. Since the Offshore Center
team lacks professionals with expertise and expeeién advanced technologies, the team fails tivatedbn
these tasks.

* The project teams are supposed to fix bugs (dgfeeisng reported in the legacy products. Custorkeep
changing the environment of deployment of the potsland that can sometimes result in exposing some
complex defects in the products. If such defects raported, then the project team would need te hav
capable and experienced technical professionalsoahainderstand the complete architecture of thdymt
to make modifications to effectively solve the bugithout impacting the functionality of the othieatures
of the product. Unfortunately, the Offshore Cerngam would not have such experts among them an¢tiwou
fail to solve such bugs effectively, much to theplitasure of the customers.

 The management efforts required to effectively nggna maintenance project are no less than theteffor
required to manage a development project. The graj@nager of a maintenance project needs to uaders
the new features requirements of multiple custonwiapse similar requirements of multiple custosriato
singular features, evaluate the impact of eacthedd features in consultation with the product mament,
select the set of features to be implemented, aadage the teams to implement these features wiitlein
customer-defined schedules. Further, the manageorignuously fire fighting multiple critical bugseing
reported by key customers in the existing featwkshe product. He or she not only needs to manage
resolving these bugs within very tight deadline$ dlso needs to use his or her strong negotiatdls $o
keep the customer’s concerns under control urdiktiiutions are delivered.

These complex project management tasks can bdlddifonly by an experienced and capable project
manager. However, since the Offshore Center failattract or retain such managers, its projectaatbe
effectively managed. Thus, the team fails to delieeen on supposedly simple tasks of fixing defeatd
adding features to legacy products.

Techniques to convince Head Office to offload CorBrojects to the Offshore Center

Thus, the Offshore Center needs to be offloaded pagjects to overcome the above mentioned chakenbhe Offshore
Center management should share requisite detailsthe HO management to destroy their myths of laickexcellent
talent in their country who can execute core pitsjec

The Offshore Center management should share tlwnfaly details to convince the HO management tehaffe core and
complex projects to their teams:

)

Showcase expertise and experience of the Offsleo€enter employees

The Offshore Center management should share thi#eprof their key and senior technical and manag@nemployees
with the HO management, highlighting their expertisid vast experience in handling large, core,camiplex projects.
Even if these employees could not get opportunitesork on such core projects in the current compéhey would have
worked on such projects in their past companies;hwshould be highlighted.
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The Offshore Center management should not only shs&the existing talent in the Center but sholsid highlight the
expertise of excellent talent available in the stdyin the vicinity of the Center, who can beatted to join the Offshore
Center in the near future.

The HO management will then gain confidence thatQiffshore Center teams have the strengths andierpe to execute
core and complex projects.

i) Gain advance knowledge of projects, to train teent

The Offshore Center management should work closély the HO management to gadlvance informatiomn upcoming
core projects of the company and should then peetiair teams for winning such projects. For exampie Offshore
Center managers should work closely with the HGlpob management to get advance information on reywpkoducts
being planned and should develop as much informatfopossible about the core features of thesaiptedlhe Offshore
Center managers should then train and groom teain$ extensively in the business domains of thesupts and in the
technologies to be used for implementing the ceatuires of these products.

The Offshore Center team should then develop prpést for some of the core features of the prodoat tise new,
advanced and complex technologies. Such prototyiéslemonstrate to the HO management the fact tthatOffshore
Center team has deep expertise in complex techieslogquired to implement core features of the pecad

Then, when the HO management decides to distrithateoroject tasks of developing such a new produudng the HO
and the Offshore Center, the Offshore Center masaggn bid for implementing the core features & fnoduct by
highlighting the expertise developed by their teamd by demonstrating their prototypes. The HO manmeent can then
compare the strengths of the Offshore Center taadrtlze HO team in implementing various core featwkthe project
and will decide to offload implementation of théeatures to the team with better strengths to delilem successfully.
Since the Offshore Center team will have develomegbertise in implementing core features of the pobd
implementation of a large number of these coreufeatwill be offloaded to the Offshore Center fae@ution. Thus, the
Offshore Center management will be able to win @@ complex projects for their teams.

Thus, the Offshore Center teams would always hawéxaf core projects and some peripheral projesitajlar to the HO
teams.

[l Benefits of offshoring Core Projects
Offshoring of core projects will result in multipkeenefits for, both, Offshore Center and the glawmahpany as a whole.

The opportunities to work on core and complex prigjevould help motivate and retain capable andosédffshore Center
employees. Further, the Offshore Center can attaghly capable and experienced technical profesésofrom the

industry by highlighting the challenges being offiéron its core and technologically advanced prsjesimilarly, highly

experienced managers from the industry would alsothe Offshore Center since they would get opputies to manage
large, core, and complex projects.

The Offshore Center can then build strong teamsratéhese capable and senior professionals angedeln complex and
large projects. Since the Offshore Center teamdduwoow be working on core and high-revenue genegatrojects of the
company, they would significantly add to the revesiand profits of the company.

Further, the presence of these experienced andgspmfessionals would also help the Offshore Getataleliver on its
peripheral projects by overcoming the challengestimeed in Section I.

Section | discussed an example where the OffshemeC team working on a legacy product maintengrogect was

unable to solve critical bugs or implement addiilbcomplex features in the product. The reasonstich failures were
that the Offshore Center could not hire or retapable and experienced technical professionalsoshldl understand the
complete product architecture and apply their keolgke of new and advanced technologies to delivéhese tasks.

Since the Offshore Center would now also be runomgplex new product development projects, it wchdde been able
to attract and retain a number of experienced apdlge technical professionals to work on such poogects.

Whenever the inexperienced team members workinth@maintenance project would have needed helph@mramplex
tasks on their project, they could have easily dskgestions from these highly capable core techpiedessionals. Since
these core technical professionals have extensipertise in advanced technologies, they would heagly helped the
maintenance project team by providing them solgtitm their problems. Thus, the Offshore Center ldidae able to
successfully deliver on the maintenance projectkstaf resolving critical bugs and adding technigally advanced
additional features to the product.
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Further, Section | discussed the problems faceshatessfully managing maintenance projects caugetebabsence of
experienced and capable managers in the OffshomeCeAgain, since the Offshore Center would nowehhighly

experienced and strong managers for managing catecamplex new product development projects, tleegerienced
managers can help and guide the managers of th&eanance projects in meeting their project managembjectives.

The managers of maintenance projects would thertrgetrequisite support to allow them to managertteams for
successfully implementing additional features ia kgacy products and for resolving the customponted critical bugs
within tight schedules to the satisfaction of thistomers.

Thus, the full potential of Offshore Center teanmuld be realized, and they would be able to sufskgsieliver on all
their projects, ranging from core and complex pridievelopment projects to maintenance projects.
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Sharing my vision for India to become the Future-Bey and Future-Proof Nation in the world
History of Smart City or Smart Nation

The concept of a smart city dates back to 1960s1&7s when the community analysis bureau stars@tylcomputer

databases, infrared aerial photography, and clastelysis for data collection, issuance of reparnd resource allocation
to the areas that required them the most for fightoff potential devastations or reducing poveBince then, three
different generations of 'Smart Cities' have emgrge

a. Smart City 1.0in the smart city, 1.0, many cities enhanced th@rastructure using sensing technology and data
analytics to efficiently manage the urban assetdl{p transit, water and waste systems, and roadss connected
infrastructure vision comprises the physical assetsnected via sensor technology that will genevatst streams of
valuable data from smart streetlights, parking msetend even trash receptacles.

b. Smart City 2.0The smart city 2.0, in contrast, is the dawn @& tlext-gen urban evolution. Some of the advanced
forward-thinking cities begun to go beyond mereasfructure by tapping the wisdom of their visitarsd residents.
Therefore, the smart cities of tomorrow will invelnot only the Government but also the visitorizens, and business in
an intelligent, connected ecosystem developedsanaor-based physical infrastructure.

c. Smart City 3.0in the third generation of smart city 3.0, it feses on enhancing the citizen experience by fumotoat
the intersection of the 3Ds - Data, Digital, andsiga (human-centred). The objective its to enaleliel decision-making
through the use of data for the respective stakiesl- Citizens, Government, and Business. Thesfofany smart city
became its people and providing benefits suchBetter quality of life; Economic competitiveness &tracting talent and
industry; Focus on environment and sustainabilltyis model embraced a citizen co-creation to addtkes issues of
equality and for building a smart community witlesd inclusion.

In a nutshell, a 'Smart City' is a city that havaleped specific technological infrastructure whiehables the city to
collect, aggregate, and analyze real-time datahasdnade a concerted effort to use the data forovig the lives of its
residents. Smart City initiative comprises of thkey components - Information and Communicationhifietogies (ICTs)
for generation and aggregation of data; analytioals which convert data into usable informationd arganizational
models which encourage innovation, collaboratiaow, application of that information to solve pulgimblems.

According to Harrison "Smart City is an instrumehténterconnected, and intelligent city. Instruneghteferred to the
collection and integration of real data in realdirfrom the use of sensors, applications, persoagicds, and other
resources. Interconnected referred to the integradf all such data into a computing platform tpadvides a set of
services. Finally, intelligent referred to the cdexpelements, such as analytical calculations, fiade optimization, and
visualization of services for better operationadidiens."

Although there is a lack of globally accepted défn, it is possible to describe the characteriftiatures of a Smart City,
which services could improve its level or degre€'infelligence”, and its essential aspects. Thedghmain elements of
intelligence are defined as follows:

a. The effectiveness refers to the ability of & tit effectively provide private and public sendgcsuch as citizens (senior
citizens, workers, and students), corporate, amdpnofit organizations. Therefore, a smart citp@ in itself ‘intelligent’,
but by the public value, it creates for its people.

b. Environmental benefits refer to improving thelity of the environment in big cities. One of ttwtical pillars of the
smart city is to prevent degradation of the enwinent. Hence, it is necessary to conduct major etuddégarding energy
consumption, water pollution, air or traffic regtidems. Therefore, a smart city must focus on tisedetions to preserve the
quality of the environment.

c. Innovation refers that a smart city must applitiog-edge or next-gen technologies to improvedghality of the main
components so that better services are offeredeldre, technology is the central aspect of aittelligence.

Thus, the intelligence of a city's component capriwe if they are transformed into innovative affécive tools which
are not harmful to the environment. This offers plublic value. However, the above three factorsnategood enough to
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increase public value. Hence creating public vabeuld be the ultimate goal of a '‘Smart City," vahiequires that all
initiatives and projects be targeted to the citiz&he concept of "Public Value" is complex and uu#s several
dimensions.

a. Creating both social and economic values tretldferent to unite at times, enter into confligth each other.

b. Creating value for different stakeholders, tmaght have various expectations that are not alweayspatible with each
other.

c. Building value regarding various dimensionsifaf in the city, which might also imply understangiwhat the priorities
and reals needs are?

According to the World Economic Forum, "India's Bamy will overtake the US by 2030 with a GDP of3i&illion next

only to China and also will be the world's youngestjor economy. In just twelve years, India willdengo a startling
transformation. By 2030, around 77% of Indians wél under the age group of 44, and most of thokdeiunder 25. The
country will also have more than 1 billion interneters. Every second, three more Indian go onbmettfe first time.
Consumer spending will quadruple, rising to ne&8y7 trillion in 2030."

However, the economy still faces significant chadles. By 2022, Due to its young demographic, tieeehuge demand
for massive employment. About 100 million new jobast be created in the manufacturing and serviee®is by 2030.
To achieve this, more than half of Indian workerd#l weed reskilling to close a widening skills gamd raise the
participation of women in the workforce. India Istihs some of the most polluted cities in the wohhdlia will need to
boost spending on infrastructure and reduce grogamnomic inequality and ensure its fast-growingneeny is inclusive.

Why and what is the need for building a Smart City?

Today, the centuries-old model of cities are reagliheir limits since the city growth is skyrockegtiinequality. We are in
a situation wherein the Economic, Political, and@i&oEnvironment is fractured. Many citizens distrthe official elected
to act on their behalf, and the government red-t@pseemingly unable to provide effective and @it services.

Therefore, the crux of the problem; we continududd and develop cities that are net contributorthe very issues we
are seeking to solve. Our cities are getting bigtiex commute times are getting unreasonably Igrtgerimpact on the
environment is getting worse. So, what do we do?bMel bigger roads and provide services furtheayivom where

people habitat and do not take cogent environmexttan. This is a 'Global' challenge. Countriée lindia, China, and
Africa vividly illustrate the need for 'Smarter 86bns' to deal with the massive population growtral to urban

migration, and resource depletion. Therefore, tiesn urgent need to transform our cities not qunste, but continuously
rapidly.

What does it take for India to be a future-ready ciy?

We think being future-ready means embracing teadullt is the most powerful tool we have to impeanfrastructure,
help meet sustainability goals, enhance econonpompnities and raise the bar for the quality t&.IHowever, India will
have to lay down the plans for building a Digitadtidn involving governments, the private sector aivic community to
forge new partnerships; that means every Governnimrginess, and industry should come forward tcelecate its
digitalization efforts for developing solutions acabpabilities that will propel the cities and natforward.

The key domains required for building a Smart anddital City are as follows:

1. Smart Infrastructure: Digital Management of Infrastructure: According @ambridge Centre, "In a world where
infrastructure is truly smart, sensing technologies embedded in infrastructure, and the equiproemtevice interacts
with it. These sensors are connected to a commiiorichackbone which enables real-time data acimisdnd analysis.
The information gathered is analyzed, interpretati delivered as reliable, robust, and meaningffdrination to the
infrastructure providers, who can then make beéttfarmed decisions about the structural health mathtenance of their
assets." The smart infrastructures comprise ofraéweperators from different domains of activitych as energy, public
transport, public safety and security. They depbnd operate "Cyber-Physical Systems", that are datdrolled
equipment which interacts with the physical woilthe usage of cyber-physical devices (software-ctiett devices that
interact with the physical world). Therefore, a $ihafrastructure is a lens through which the fetig seen. It is about the
self-driving cars that recognize one another, e&dthat can detect their own weaknesses, powes titad exchange data
with home appliances, in a nutshell, all cyber-ptaisinfrastructure system that makes cities sntlarbugh digital
transformation. Smart infrastructure is the backboha city, driven by a wireless sensor netwoikiilarly, studies on
power grids describe smart infrastructure as tlekiii@ne of the distribution grid made of an intedig energy subsystem,
a smart information subsystem and a smart commimicaubsystem that all work together to delivesidsble results
such improved longevity, adaptability, and efficdgrof services provided to the businesses and co&su In short, Smart
Infrastructure is a transitioning process from atestof stillness to a state of 'intelligence’ whieffers to the ability to
improve the performance by responding purposetolihe changes in its environment.
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Even though the industry is working towards buigdthe smart infrastructure, there are potentiatiée which require to
be addressed:

a. GovernmentNo overarching governmental structure exists ctlydn manage multimodal, multi-agency changes that
are currently proposed or underway.

b. Investment:Greater smartness inevitably involves greatemgnation, which requires huge investments for chag@ir
retrofitting the infrastructure

c. Data quality and Management¥ith the increasing need to share informatiors important to come up with standards
to assess data quality and privacy concerns.

d. Privacy: There many different ways in which people provitdfermation to get some value back.

e. Vulnerability: The price of connectedness may be vulnerable o kieds of attacks. Hence, security and resilience
need to be built into the systems.

f. Lifetime: Electronic sensors embedded into the physicakrenrient can start to limit the lifetime of the mdtructure.

2. Smart and Green Buildings Smart A smart building is any structure that usetmated processes to automatically
control the building's operations, including hegfirentilation, air conditioning, lighting, secyriand other systems. A
smart building uses sensors, actuators and migecto collect data and manage it according tosinless' functions and
services. This infrastructure helps owners, opesaiad facility managers improve asset reliabditgl performance, which
reduces energy use, optimizes how space is usednaniizes the environmental impact of buildingsreén
building (also known agreen constructionor sustainable building refers to both a structure and the application of
processes that are environmentally responsibleesalirce-efficient throughout a building's life-e:cfrom planning to
design, construction, operation, maintenance, ratimv, and demolition. This requires close coopenadf the contractor,
the architects, the engineers, and the clientl graject stages. The Green Building practice eggaand complements the
classical building design concerns of economyijtytidurability, and comfort. In India, the percagé of respondents
doing the majority of their projects green is expddo nearly double by 2021, from 28% to 55%. Ngeen buildings in
India is being driven mostly by environmental regidns and healthier buildings. The need for marblip awareness
about green is the top challenge faced and alstatkeof educated green building professionals.

3. Smart Farming: Agro-Economy is critical for India's success of d@ing a trillion-dollar economy. According to
WEF, India is salient because, unlike its East Sodtheast Asian neighbours, rapid economic groveth ot been
inclusive enough to reduce the numbers of Indiauiisg in poverty. India contains the largest numbgpoor people in the
world: 270 million,according to the World B&(1) Employment growth is critical in low-prodisgty agriculture, which

accounts for nearly three-quarters of the spargeilpion. However, automation threatens to createeminemployment.
Public policy must be directed toward increasing ginoductivity of poor people rather than just dffg handouts. As
more young men are migrating from rural povertyutban areas to seek employment, they are contnidput a rapid

feminization of agriculture. Women, primarily degemt on agriculture, perform most of the backbregiabour. Their

low productivity in agriculture, itself increasinghffected by climate change, demands action bycybkers. Any

transformation of agriculture requires removing denstraints on women. Digital India's strategieneostones, the
Common Services Centres, are meant to provide siqueiats for delivery of various electronic sergde villages, to

promote digital and financial inclusion, encourageal entrepreneurship, and build rural capaciaes livelihoods,

offering a bottom-up approach to social changetiqdarly among India's rural citizens. New teclogies enable small
farmers to shift from input-intensive to knowledigéensive agriculture. Precision agriculture campiiave the timeliness
of planting, secure the best market prices thraughket information and e-market reforms, providgilfeer subsidies via

direct bank transfers that eliminate or reducectis of financial intermediaries and improve adtimal extension.

Here is a case study of New Zealand on the "Futuiiiiarms that will feed the World" which India gesately needs to
adopt. If you need to feed the world in 2050 thet @® years the world needs to produce the sameuatinod food as it did
over the last 8,000 years which indicates the pressn the food system. We are facing a consideretimdllenge. With the
growing population, the change in consumption b&hay the climate crisis; how do can we securefood production?
The real secret is sustainable production. It shbel with fewer inputs, fertilizer, water, and peges. Otherwise, we will
destroy our planet. The security of food systenmnis of the world's most pressing challenges. Tty ©f how a small
country became an unexpected food superpower, amiber two world's food exporter could be the solutio adapt to
build a sustainable and greenhouse farming in Irdiik here(2)

4. Smart or Digital Education: According to the Planning Commission of India, "Edtion is the most important lever
for economic, social, and political transformati@nwell-educated population, equipped with relevembwledge, skills,
and attitudes is essential for social and econataielopment in the 21st century. Education is tlestnpotent tool for
socio-economic mobility and a key instrument foilding an equitable and just society. Educationvtes skills and
competencies for economic well-being. Educatioergjthens democracy by imparting to citizens thdstoeeded to
participate fully in the governance process. Edooahlso acts as an integrative force in sociatyarting values that
foster social cohesion and national identity. Reizigg the importance of education in national depment, the Twelfth
Plan places an unprecedented focus on the expan$ieducation on significantly improving the qugliof education
imparted and on ensuring that educational oppditsnare available to all segments of the society."
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India's education system needs a quantum shift.qliaéity of education has a direct bearing on atgnemy. With some
240 million students or nearly 20% of the Indiarpplation in school, their quality of learning orckaof it assumes
significance for the competitiveness of the counfrifie ASER report shows that Indian children haveast learning
deficit. This poor learning outcome in India is piés the Right to Education (RTE) Act. Besides,iéntas thehird-
largest(3) higher education system in the world, after t#6 and China, according to the World Bank. Howeweterms
of expenditure per student as well as per teadhdra falls behind. In the last decade, accessigben education has
improved as more IITs, IIMs and central and statel universities have been established. Howekies proliferation has
also raised concerns about an imbalance betweefiexce and inclusion.

Today's students are exposed to digital technolagiyt from birth and do best in an interactive eamiment — where
learning is experiential and involves high levefssensory stimulation. We need to build this asd#ad into India's
curriculum. Rote learning, worksheets, and lechased teaching are no longer appropriate. At theesdme,
administrative tasks and processes have increasdourden on teachers. We must ease this burdsind our educators
to focus on what they do best. We need our edutatystems to teach the skills Indians need forigitdd Economy'.
Globalization and technology advancements are laptianging skills requirements. Tomorrow's gradaatwill primarily
be employed as knowledge workers in our servicagdaconomy. We need to give them the skills teesert in this very
different work environment. Moreover, we need tokeméghe most of our dwindling talent pool, by offegiworld-class
education to every Indian child — regardless ofe@conomic status.

Smart and digital learning aims to provide a haifarning methodology to students using modechrelogy to enable
them for a rapid and fast-changing world where &afafity is critical. Smart education offers a paigan shift in the way
students access education. It is not just a changlee delivery of education; it is much more thhat. With radical
transformations in technology, the teachers of yarkn have a hard time processing what the futulidoevin the next 20
years from now. Smart Education solves this corumdby using state-of-art technology, helping bathchers and
students prepare themselves for tomorrow. A snragiigital education can be done in a physical oiugi environment or
both. It can also be summarised as the use of sfesites to augment the learning outcome of thditiomal education
system.

A Smart/Digital, multi-disciplinary student-centrieducation system — linked across schools, tertiastitutions and
workforce training, using: « Adaptive learning prams and learning portfolios for students ¢ Collatioe technologies
and digital learning resources for teachers andestis « Computerized administration, monitoring aglorting to keep
teachers in the classroom ¢ Better information om learners ¢ Online learning resources for stusl@verywhere.
Therefore, Smart Education provides an opportutatyransform India's education system to - Empoteechers and
administrators; Engage effectively with studentsd &uild a workforce with high-value global skils become future-
ready.

5. Smart Healthcare:India's healthcare sectors has become the largestals both in terms of employment and revenue.
Healthcare comprises Hospitals, Clinical trials, dital devices, Telemedicine, Outsourcing, Medicguigment and
Health Insurance. The healthcare market in Indexgected to reach US$ 372 billion by 2022, drilsgra rising income
level, greater health awareness, increased precedenlifestyle diseases, and better access tadnse has created a
strong demand in the market. The hospital industindia is expected to grow at CARG for 16-17 pent to reach Rs 8.6
trillion, which has created attractive opporturstie

The number of doctors has increased from 8,27,0@541,104 in 2017, enabling the rising Manpowerstlbut not least,
the world's largest Government-funded healthcahedule - Ayushman Bharat the National Health PtaecScheme to
support healthcare policies. The private sectordmasrged as a vibrant force behind India's heakthialustry. Bringing
in the blend of both international and national utep accounting for 74% of India's total healthcasgenditure.
Telemedicine is also fast-emerging in India. Mdjospitals such as Narayana Hrudayalaya, AlIMS, lplahve adopted
telemedicine service and have signed for many pyblivate partnerships (PPP). Further, the presefiosorld-class
hospitals and skilled medical professionals hasengthened India's position as a preferred destimafor 'Medical

Tourism' globally as the cost of surgery in Indsaabout one-tenth of that is in the US or Europédia's competitive
advantage also lies in the increased success fdtelian companies in getting the Abbreviated Newudp Application

(ANDA) approvals.

Smart healthcare should cover the following:

a. Right treatments to be provided at the righetim the right place, and for the right patient.

b. Clinicians use technology to diagnose more ately and treat the illness and deliver care.

c. The ecosystem care delivery stakeholders conmuateneffectively and efficiently and use informatio

d. Patient data is centralized and accessiblectoelevant stakeholders within the industry

e. Patients are actively engaged and are inform#ukir treatment plan.

f. New cost-effective treatment models make health@vailable for everyone, including those whotcaford.
g. Improvement in efficiency reduces waste.
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The emerging technologies that could reshape heedtie are as follows:

According to Mckinsey report, "Healthcare innovatits occurring at an unprecedented pace. The Cdotebrug
Evaluation and Research in the Food and Drug Aditnation (FDA) approves double the average annuaber of novel
drugs as it did a decade ago. 11 Among the thesaperoved in 2017, 15 were first-in-class, indigathat they had a
unique mechanism of action; another 18 addressoranephan diseases. Some could dramatically ingtbg precision of
diagnostics and the ability to personalize treatsdfor example, through biomarkers), which couklphreduce the
significant variability in outcomes achieved by ratard therapies. In the past two years, genuinetiividualized
treatments have been approved, ones that gengticatldify patients' immune cells to battle leukaenaad
lymphoma. 12 Curative therapies could substantialtgr the nature and length of the delivery systtamands from
patients with chronic illnesses, potentially cregtdownstream savings. Furthermore, the care deglineguirements of
some novel treatments could make possible, moreecoent and affordable care in or closer to pasidmmes.

Novel drugs are just one of nine emerging techrieghat are reshaping healthcare in multiple walysw-consumers
access it, how and which providers deliver it, avitat health outcomes are achieved. Some of these/ations are
specific to healthcare; others are more advancedmhealthcare sectors but hold tremendous potémtiealthcare.

1. Connected and cognitive devicd®ortable, wearable, ingestible, and implantableicds can monitor health
information, engage patients and their communitgasegivers, and deliver therapies autonomously.

2. ElectroceuticalsSmall implantable devices can alter the nervougesys electrical impulses to treat a variety of
diseases.

3. Targeted and personalized medicir¢ovel drug therapies that use a patient's own aglldeliver targeted genetic
material can often treat disease more successhaly small-molecule or protein-effector drugs can.

4. Robotics:Next-generation robots could enable minimally Biva approaches and ease the physical burden géres.
Advanced robotics could also expand automation be\specimen and material transport within the Hakpo facilitate
instrument handling and other tasks within the afieg room.

5. 3D printing: This technology can produce customized, 3-dimemagistructures composed of biological and industria
materials, in the process of creating organ repheces, personalized prosthetics, and precisioncagdn dosages.

6. Big data and analyticsPlatforms and applications that store, transmid, @analyze continuously expanding medical data
sets can be used to identify patients who are date for highly targeted therapies. In the futyraysiological data
recorded by robots during procedures could be &mest to improve both medical education and surgitaining. As
more data becomes readily available—some sourcggestian annual growth rate in available data of%#8-the
opportunity to better collect data and translatetd actionable insights is increasing.

7. Artificial intelligence (Al): Technologies that convert analytical insights imimgnitive engagement solutions can
enhance diagnosis, improve predictive interventiansl optimize clinical productivity.

8. Blockchain: This decentralized digital ledger technology halds potential (with clear and simple use casep tth
enable more secure transactions, more confidguditént data sharing, and more democratized da&@sacwhich could
allow other technologies to better leverage data ¢kample, provider directories that can be rapigidated with new
network structures).

9. Robotic process automation (RPAhe automation of repetitive tasks (including thajarnity of claims processing) via
simple rules or heuristics has the potential tcagick productivity rapidly.

While we cannot predict precisely how quickly eaethnology will emerge and scale in healthcareh é&s the potential
to have a significant impact over the next fiveséwen years. Among the factors that will influetioe speed of change are
the pace of innovators, the appetite of incumbfrtshange, and the rate at which regulations anbeggchnology.”

One of the significant challenges in Health care¢his workforce challenges that are being felt axno®re and more
countries. Staffing shortages are evident in séverapital specialities (emergency medicine andatyges) and general
practice; there are also growing nursing shortaa@ess both health and social care. Compoundingptbblem is a
scarcity of leaders with strategic, next-generatsills to guide and support the transformationb&roming patient-
centric, insight-driven, and value-focused orgatiizes.

What stands in the way of more rapid progress énntiove toward augmenting today’'s workforce? Ontofamay be that
many leaders of health care provider organizatamnticipate that the scale and pace of change wéhwehelm their
workforce and complex current talent issues. Whesé executives may not be considering is thahtdogy-fueled shifts
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in the nature of work represent a tremendous oppiiyt to help resolve today’s challenges and buddhorrow’s
capabilities and element the red-tapes and makaltttare affordable and available for everyone."

6. Smart Mobility: Smart mobility is a revolutionary and emerging @gpt in the way of thinking how we get around; that
is Safer, Cleaner, and Efficient which refers tertzcarbon emissions, no accidents, and zero ohiperdVhat is smart
about sitting in traffic or missing the train? Sinarban mobility, however, can be smart, and insirggly it is the
individual on the street who makes the differenBeople fed-up with congested cities with carbont-fots are
innovating smart mobility with next-gen mobile tectogies and intuitive apps which integrate enhdnoérastructure,
public transportation, and car-pooling servicesaBmmobility's primary focus is also on the greewimnment - be it
electric cars or more bike lanes. In a nutshellarsrmobility solutions cause less congestion, inapcbaccess to public
transportation, and clean-air.

One of the pillars of economic development for aoyntry is the ' State-of-art Transportation Net4as critical to the
national infrastructure. However, it has been aifitant cause of greenhouse gases and efforterageing to reduce the
carbon foot-print to address environmental issuesdecrease their dependence on fossil fuels. inditll following BS-
IV as against EURO 6 implemented in European c@s)twhich is equivalent to BS-VI.

Government across the world is battling to tackkues traffic congestion and the rising levelsalugion. They recognize
that these factors are leading to a negative impacsociety. With people spending an enormous aimofitime in
commuting, there is a need for developing a "Smaansportation Network" powered by real-time tmaffipdates,
forecast, automatic asset monitoring, and beserplanning based on weather conditions. All thisasmbined under the
umbrella of Smart Mobility. The focus has shiftedri merely building new capacity to using the émiptcapacity
intelligently by using the next-gen technology tptimise the current asset performance. In Indiser 80% of the
population lives in the cities, and this numbeexpected to rise to 87% by 2031. To support thisnpmenal growing
urbanization, it has become essential to have strarsportation systems. The study by NITI Aayogngl with Rocky
mountain institute found that with the help of dectrically powered, connected mobility system,igndan save up to 37%
of carbon emissions by 2030.

The Government of India (GOI) has an ambitiousetitg make India 100% 'Electric Vehicle' (EV) natiby 2030. Its
various programs, including FAME (Faster AdoptiordaManufacturing of Hybrid and Electric Vehiclegye the steps
towards achieving this goal. The Government isvéalig the adoption of smart mobility options by augt down taxes on
the lithium-ion batteries which are used in the EMader the 'Smart India Mission’, the GOI is comt@d to make more
investments in public transportation systems aitaia transit-oriented development across 10@sitihis will make the
transport network well-connected, energy-efficiamtg also substantially reduce the pollutions Ewshgpur, with its 200
EVs, including buses, taxis, e-rickshaw, and autas earned the tag of India's first city with &iecmass mobility
system. India’s quest for smart mobility has maue ¢ountry a hot spot for international compangsfter their latest
technologies such as pod taxis, hyperloop, eleegfiicles, cable cars and ropeways.

Advanced data analytics, autonomous vehicles, anmartssystems are the critical technology/solutiémsthe future
development of transport and operations. The raadb transportation system will be optimized, makihg traffic
smoother, public transport more reliable and cotafile — the air cleaner with less need for privedes. Three main
elements characterize most new urban public tratefan solutions: more on-demand transport, thyhligieffective use
of digital innovation, and more electric-powerediops. Moreover, all of these solutions need a@linded concept that
covers the “last-mile” to exploit every level ofetturban environment. The best approach to effeatiian public
transportation will be a mix that offers plenty dfioices to commuters. Cities are, therefore, ekmourban public
transportation on all levels: at ground level, igdeund, and above ground. Often referred to & transport concept,
the idea is to utilize and harmonize all optionsiwbdown on congestion.

E.g., - Singapore Driverless Mass Rapid Transit (MR

A growing number of residents (over6 million peoplg (4) and vehicle population (almdstmillion (5) motor vehicles)
have brought Singaporelsand Transportation Authorit(t TA) (6) and the Intelligent Transportation Sdgi&ingapore
(ITSS) together to create an intelligent transggstem to improve commuters’ travel.

Singapore’s Smart Mobility 2030 strategic plan isexample of a smart plan that focuses mainly ansportation. The
project aims to be informative, interactive, asgtstand to use green mobility. The LTA and ITSSéhautlined three key
strategies to achieve their goals:

1. Toimplement innovative and sustainable smart nitgtsblutions.
2. To develop and adopt intelligent transport syst&andards.
3. To establish close partnerships and co-creation.
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Therefore, the road to the future of smart urban riity:

Whatever solutions a city will choose to solveutsque urban mobility challenges, the approach kéllholistic, shared,
and deeply embedded in digital technology. Only nvpianners embrace diverse ways of getting arowhether on e-
scooter, above ground, or in an on-demand shuitlecommuters feel free and enjoy moving throughit city. Based on
the innovation trends and disruptive forces in arbaobility, it is realistic to envision a futureestario when smart city
residents and visitors enjoy a wider range of afibie, -multimodal, on-demand mobility options; amwhventional cars
and ownership practices are replaced by sharettieland autonomous vehicles.

7. Smart Manufacturing: Making India an intelligent and smart manufacturimgb through the, "Make in India" to
"Make Digitally in India." The vision behind Mr Mdd flagship program "Make in India" launched in120was a
progressive step towards positioning India as thie &f manufacturing in the world. India's demogiiapddvantage vs
increased labour cost in China has presented Indila a golden opportunity to demonstrate our sttenip the
manufacturing sector. However, in the roadmap @ thitiative, there are underlying areas where Gmvernment's
attention is required to be diverted aggressivelgital transformation of the manufacturing unitoise of the most critical
aspects of it. In the pursuit of achieving opersdicexcellence, the decision-makers of the manufexg firms must have
real-time data of their assets and processes. Matwing units are flooding existing systems witplethora of data, and
the process of converting this data into meaninghfbrmation through cutting-edge digital technaésy is the
fundamental goal of digital transformation. In 20G2neral Electrics (GE) introduced the "Industi@l™ (lloT). lloT
applies 10T to manufacturing by integrating bigadahalytics, machine learning, harnessing sengarattel automation.

India has to move from manufacturing hubs of Indust.0 and 2.0 to Industry 4.0 or beyond. Smart &tbed
Manufacturing and Rapid Transformation Hub (SAMARTHUdyog Bharat 4.0 is an Industry 4.0 initiatieé the
Department of Heavy Industry, Government of Indimer its scheme on the enhancement of competithgeimelndian
Capital Goods sector. The initiative aims to raaseareness about the Industry 4.0 amongst the Inai@amufacturing
industry through demonstration centres. Currertigre are four centres which include IITD-AIA Foatidn for Smart
Manufacturing; Center for Industry 4.0 (C4i4) LalPaine; Smart Manufacturing Demo & Development @elCMTI; and
[ISc Factory R&D Platform in Bangalore.

Indian Engineering Exports have been growing at 1@¥tation, but the Engineering Exports as a pdegmof ASEAN
and World Exports is stagnating at 0.8-1% over lts 15 years. This is because the majority of re®ying goods
originated from low or middle-level products. Detpaent of Commerce, Ministry of Commerce and Indusgs given to
the apex engineering body, a mandate to set-uphaadéogy centre to enable MSMEs to benefit fromuagous next-gen
technologies. India also requires to close a quajap faced with the best-in-class and leapfrogdimgemerging
technologies; which will enable export quality puots. Hence EEPC India technology centre gainsrgrou

Smart manufacturing has been defined as the fotggrated, collaborative manufacturing systems thgpond in real-
time to meet the changing conditions and demandiseiriactory, in the supply-chain network, and oostr needs. Smart
Industry is a synonym for Industrial transformationthe fourth industrial revolution within whichmgrt manufacturing
de-facto fits. Industry, the manufacturing businesanufacturing companies and even manufacturinggsses are in full
transformation. This is mainly due to increasingpaation,digital transformation(7) the bridging of digital and physical
environmentgas enabled by I0T or the Internet of Thingsyolving industrial andhanufacturing technologig$8) the
intensive usage of data/analytics, industry and ufaaturing challenges, human, economic and soc@&talutions and
demands and the integration of information techgpland operational technologd” and OT).

The 1ISc is building India’s first smart factory Bangalore with a seed funding from Boeing Compdusch, a German
auto component manufacturer, will begin implemeatabf intelligent manufacturing at its 15 centiasindia which |
assume is already launched. Digital literacy ofdrftas shown significant pace in the last decatieréfore, it is important
to understand the Career

* Integration Between Data and Proces3 he most crucial aspect of digitalizing any usité define the complex
process of machines through simple algorithms. dlgerithms which not only explains the basics @& gnocess
but equipped decision-makers to apply cutting egbanologies like predictive analysis and digitainning to
improve the overall efficiency of operation.

e Interoperability - Interoperability and the 10T are prominent enablfar data collection and its better use by
manufacturers. Many are investing heavily in tdolsleveraging and analyzing this newfound assétth& core
of interoperability is the ability for users to a@ss information from multiple sources in one seambgpplication.

» Faster time-to-value— The term coined by General electric endorsestaligiansformation by defining a
standardized way to connect machines, data, andleo@dth a consistent interface for superior usqregience,
dynamic scalability, and extendibility to grow fuimmnality as business needs evolve

Proposed Framework for Smart manufacturing UniResearchers and industry leaders around the wavld been trying
to integrate Cloud technology with manufacturirgldi The impact is visible in additive manufactgrievel but not so on
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subtractive manufacturing. In the manufacturinddfiglifferent organization use different softwaoe their work. To sort
this issue, a generic Cloud-based system appraatibe understood from the below framework. Thestasce towards
new technology is an eventuality, and thought lesde this industry need to penetrate this edunatiwough simple but
effective frameworks.

Conclusion and Future DirectionSmart Manufacturing is in its early stage of depetent. Even though a good amount
of research and development has been going omriitsipal focus remained to the additive manufaomrsector and
seldom in other industries like subtractive mantufang. Also, the amount of research work happeminigdia in this area
is far lesser as compared to other countries likm&or the USA. Hence its widespread applicat®ondt made available
yet. Since in Cloud technology everything is trdaés a service, even small manufactures or thosewemt to focus on
core work only can use it by taking Cloud or Infrasture as a service from third-party service ptexs. The system
architecture proposed here is generic in naturecanctustomize or modify.

There is an excellent future available in thisdjemany of the Smart Manufacturing platform develdgre still in the
embryonic stages. With the use of IoT technologigML, proposed for Cloud-based manufacturing systcan be
further improved. One may integrate new technokdjike [0T, along with predictive and preventiveabitics, to make it
more automated as the future variations, and plesafiplications are enormous.

8. Smart Energy: Digital transformation is transforming companiesoas diverse sectors, societies, and lives. Ad thi
taking place thanks to the connected era of deyingaligent systems, human-machine interface, pnodlucts. The same
is true for the power sector as well, which wasitianally asset focused and utility-driven.

In recent years, the terms "Smart Energy" and 8ystés used to express the approach that is brahderthe term "Smart
Grid." The Smart Grids primarily focuses on thectieity sector; Smart Energy Systems take an nategl, holistic

approach on the inclusion of more sectors (Elatfriuildings, Heating, Cooling, Industry and Tsmortation) and
enables for the identification of more affordabiel aachievable solutions for the transformation ifotiure renewable and
sustainable energy solutions.

India is the second most populated country in tleeldy contributing to 6% of the world's primary egg consumption.
Due to rapid urbanisation and burgeoning urban |adjpm, there will be serious implication on enei@nsumption and
subsequent carbon emissions. Cities face a sdriesnmplex interconnected challenges across diftesentors (Mobility,

built environment, waste & water management, anblipwservices) and it is critical to re-look at geechallenges by
integrating the principles of 'smart energy managirfor achieving sustainable and low-carbon urdb@relopment.

Managing the energy foot-print of cities is onele most challenging goals, and with the evolutiod transformation of
existing cities into smart cities, smart energy agement thus becomes an integral component of urbasformation.
India's urban population growing from 31.6% to 9%.By 2050, there will be further implications oreegy consumption
patterns and subsequent GHGs emissions (UN, Ddptaiomic and Social Affairs). Therefore, the tagknanaging and
reducing energy-related carbon emissions is ofteallenging for urban developers and needs to adeldes various
sectors to ensure an integrated approach to enemgpgement.

“Smart energy management (SEM) is a component aftsoity development aiming at a site-specific ammus transition

towards sustainability, self-sufficiency, and riesite of energy systems, while ensuring accedsibdiffordability, and

adequacy of energy services, through optimisedjiaten of energy conservation, energy efficieranyd local renewable
energy sources. It is characterised by a combimatidechnologies with information and communicattechnologies that
enables the integration of multiple domains andoexas collaboration of multiple stakeholders whiéliesuring the
sustainability of its measures.”

The Government of India (Gol) has been developiolicigs and programs to guide the mainstreamin§Bif1 in urban
planning. To meet the energy needs of citizensraddce carbon emissions, the Indian Governmenadapted a two-
pronged approach, i.e., focusing on supply and dém@n the generation side, greater use of renenatrgy, mainly
solar and wind, is being promoted. On the demadd, stfforts are being made to improve energy efficy through a
variety of innovative policy measures that fall it the umbrella of the 2001 Energy Conservatiow.La

An uninterrupted power supply is a crucial elemfartthe development of the Smart City. The smatiesi mission
focusses on reliable power quality, climate pratectand economic efficiency. Utilities have beeralgsing the existing
network and planning for the modernisation of tieributed infrastructure. However, several oth@asures such as the
replacement of conventional substations, quickastall, reliable, maintenance-free, and compacststilons or e-houses;
the replacement of overhead networks with undergioeables; the use of intelligent switching devicasart metering
and billing, and smart electrical storage systerasr@quired. The Government has launched sevaetialtives such as the
National Smart Grid Mission (NSGM), the Ujwal DisnoAssurance Yojana (UDAY) and the Integrated Power
Development Scheme (IPDS).
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India plans to implement the smart grid projectsnmtion of electric vehicles, development of mgrids, the installation
of grid-connected solar rooftop systems, trainimgl &apacity building, along with enhancing consureegagement.
Further, there is a pressing need for advancesewgrgphic information system (GIS), mobile, andoinfation

technologies such as cloud computing and data icehyhich could transform the utility industry. &lGGovernment also
needs to formulate regulations for decentralisesvggoand provide incentives for producing renewabéfteergy to

implement smart energy initiatives.

The way forward for achieving the integrated 'Snarérgy Management' is to a) Integrate policy goaace and effective
decision making. b) Government to provide bettéastructure and resources for technological adeaments. c) Develop
information, education, and communication (IEChtggies for stakeholder engagement and manageneBstablish
performance goals for effective implementation amhitoring. The conclusion is that the Smart Enéggtem concept
represents a scientific shift in paradigms awaynfigingle-sector thinking to a coherent energy systanderstanding on
how to benefit from the integration of all sectargl infrastructures.

9. Smart Banking: Powerful forces are reshaping the Banking Industtyistomer expectations, regulatory requirements,
technological advancements, economics and demoigeaplie together creating an imperative to chaBgeks today need
to get ahead of these challenges and reinventramihe next era of 'Digitization.' Banks must oofy execute on the
imperatives of today but also radically transfoorinnovate themselves for the future. Today's ehgles are that nearly
most of the bankers view attracting a new custoasenne of their top challenges over the next coapiears. Banks are
hungry for growth and finding a new customer basewever, banks also recognise the need to deeméndinstomer
relationships and focus on more specific customgcanes. Therefore enhancing customer serviceeimtimber one
investment priority for the banks globally. Howeyvier the rapidly developing emerging and Asian neéskwhere big and
established banks have less dominance. Bankerst rifjad retaining existing customers and attractailgnt in the face
fierce competition and new market entrants are #ilsaop challenges. R&D, Innovation and New pradievelopments
are the top investment priorities in these regions.

The Bank of Hindustan and the General Bank of Ineiae established in the late 18th century butndidsurvive for very
long. The British presidency government then eihbt the Bank of Calcutta, Bank of Bombay, andkBahMadras
which were merged in 1921 to form the Imperial Bafikndia. In 1955 it became the State Bank of énaind is the oldest
surviving bank in India. Several banks have be¢abdished pre and post-independence. In 1935 tierRRe Bank of India
was established, and it was nationalized in 194@t $ame year the Banking Regulation Act was pasdeidh authorized
the Reserve Bank of India to regulate, control argpect all banks in India. It also stipulated tR®! will have to
authorize the establishment of any new banks.

Technological innovation began in the Banking settack in the 1980s. Since the establishment of|I@1€1 Bank,
digitization in the banking industry has been comdably fast. Banks offering many services overitihernet has resulted
in the growth of banking sector in India. Banks édneen able to expand their customer base, prewdd#ional services,
and ensure that customers can handle a numbenkingatasks over the internet in the comfort ofitt®mes or offices.
If you are a banker, online shopper, tech-savvggeror even a regular bank customer, you must haaed the word
“digital banking”. Interestingly, most people haadlifferent take on digital banking. There is artaire to digital banking
than just a few features that we can see on tHacsurDigital banking is converting the brick andrar banks into more
greener and efficient places to operate. Theraaiethora of options that people can opt for whaomes to banking.
Now people can check their bank account detailg tipeir bills online, transfer money to other aatts, and all of this can
be done from the very comfort of their home. Abitlthe people need for banking these days is amieit connection.

When wearables become implants used for real-tinayments, will the credit unions and banks still m®nsumer's
primary financial institutions? To thrive in a dynaic environment, they should do this following:

a. Tune into the changing expectations and prefagf consumers.
b. Embrace the full potential of Artificial Intedience (Al) in personalisation and other financippécations.
c. Keep up the pace with what the major brandsdaieg in and out of banking, relating to the consumxperience.

Tomorrow's banking consumers are the segment kaimwelen 1979 - 1995 called 'Millennials' who willcbene the largest
age-based demographics, and retail banking pravidbould carefully note their preferences, and Weha as they
approach middle-age and their spending power wgrdey exponentially. Millennials have had accessrt@rtphones for
most of their adult lives. Generation Z can't rerhemlife without these pocket-size digital toolsc& younger consumers
are so comfortable with mobile technology. Hundrefisobile financial applications such as Mint cgn/mo have gained
traction disrupting the status-quo in banking aadehchallenged the financial institution to keepega

Research has shown that the younger generation skwsa to be brand loyal and tend to be even matkfuiato
"Convenience." Millennials or young consumers erobra do-it-for-me culture - hence the label - "l3z¥ven older
generations have adopted — and come to expect —t-fdo-me” digital solutions across many aspedttheir lives, from
one-click purchases to ordering rideshares thradiggr or Lyft.

IEEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 177




Al has the potential for a multitude of practicalpications in the banking industry. Already itheing used to reduce
payments fraud, improve service through persornidizaand assist consumers with financial decisi@ng., investments).
Banks and credit unions must embrace the Al-dri\éiorit-for-me” revolution and take their place atpmwith other
consumer industries that have firmly embraced Adtszl technologies.

Many large banking institutions are well along troad already. They recognize that financial in§tihs have a massive
advantage in this emerging new world of Al. Bankd aredit unions have a wealth of valuable consuhatéa drawn from

account records and transaction histories. Thia dathe essential “raw material” that fuels act#l intelligence engines;
it's how Al creates more personalized, streamliegperiences across a range of devices and bankiniges.

Facebook recently said that it would allow userg@aasfer money through its messenger service. isHisther proof that
boundaries between banking and technology prodaretdast dissolving. Payment providers such as &lagid Square
have already made a mark abroad. The more popalangnt firms in India reportedly have more useentthe entire
market of active credit card users. The marriageofinology with financial services can be seeregent joint ventures
between telecom companies and Indian banks to fatghayments banks.

Indian banking regulators have been partial toiticthl banks that they can control with reasonadalee. Moreover, they
have been suspicious of other financial interméelabecause of fears that these shadow banks toelten the stability
of the financial system. Fintech or ‘Financial Teclogy’ has become a buzzword in financial cirdleough Fintech
Partnerships. Fintech players the world over agdl@hging the status quo of the financial serviogsistry by bringing in
a fresh take on problems faced by customers, astbeeugh the lens of technology. The unprecedegtedth in the
fintech sector in India is a direct result of rdpidhanging demographics and consumer behaviowtenpmned by the
need for convenience. India is fast becoming ataligiconomy with over a billion mobile phones, 380lion internet
users (€.94% on wireless devices), and 240 miimartphones.

The future generations might not have ever to dditank, and even if they have to, they might \asgmall consumer-
friendly digital bank cafe that runs on cutting edgchnology. It is exciting to wonder what theufetof banking might be.
As of now, smart banking is making banking for asier and making traditional banks who are adaptiitly next-gen

technology, more relevant with each passing day.

10. Smart Water and Waste ManagementWater resources are under pressure from continuipglation growth and
urbanisation, rapid industrialisation, and expagdamd intensifying food production, particularly developing countries
and in urban areas. Urban populations may nearlybléofrom current 3.4 billion to 6.4 billion by 205 Growing

population and climate changes sweeping acrosgltie have put untold pressure on water networksoiling to UN,

as of March 1st 2018, there were 7.6 billion hurbaimgs on the planet, and this number will risartmund 10 billion by
2035 — all increasing demand on precious wateruregs. An ageing infrastructure that is overly stezl by a rapidly
increasing population, torrential rains and floadis the root cause of leaks and bursts in pipesnyMndian cities,
including Bangalore, Mumbai, Delhi and parts of y#ara are already facing these issues. Not only thi®svater loss and
contamination affect an organisation by increagipgrational costs and failing to provide 24x7 water, it also has a
significant impact on the environment. The soluidor putting an end to this water loss are furipssught.

Smart technology in the water sector consists af fmomponents: a) Digital output instruments (sensnd meters),
which collect and transmit data in real-time; b)p&wisory Control and Data Acquisition (SCADA) ssits, which
process information, and remotely operate and agdimystems; ¢) Geographic Information System (GIBich store,
analyse, and manage spatial information and d)w@oft application, which support modelling infrasture and
environmental systems by managing and reporting ttaimprove design, risk management, and decisiaking. Today
almost three-quarters of the world's waste endsmupndfill, imposing enormous environmental coatsl squandering
opportunities to extract value through recycling aguse.

The improvement of the urban waste collection serand, in general, the achievement of more effiamanagement of
the waste, is one of the main challenges that itiescface, mainly due to the population growth.ughsmart waste
management is a critical factor in smart cities.

Within the public services — priority element ofmart city — waste management, is a fundamentat pilo understand its
importance, we must take into account that the igamant of urban waste is composed of differentestarom the
collection and transport to its treatment. Being tollection the critical factor to achieve thigi@ént management of
municipal waste for two reasons, its costs andoiggstic component. Mainly, we must focus on redgccosts, as it
is exceptionally costlysince it involves many workers and vehicles all asimproving the planning of waste collection,
since having a high logistical component, allowswvale margin of improvement through solutions thatsibhess
intelligence can bring.

According to Swachh Bharat Mission (Urban) dataZ648, 43% of the total urban wards in India are segregating
their waste at the source (Sambyal & Agarwal, 20182017, door-to-door collection coverage inceshffom 53% to
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80% (ibid.). In cities such as Panaji, Indore, Mgsand Muzaffarpur, there is a waste separatiotesysvherein separated
waste is brought to the processing centre. Thempost is made from wet waste, while only inert wagbes to the
landfill. Sambyal (2016) elaborates that Alappunthderala prioritises segregation and reuse of evastthe household
level, making it one of the cleanest cities in idit has accomplished decentralised waste managei®@% of the
households now own biogas plants and pipe comgpsiystems. As part of the Clean Home Clean Citygianmme,
Alappuzha launched Thumburmuzhi in 2013, a modedlde composting plant that composts animal caeséSambyal,
2016).

A key challenge facing the waste sector in Indighis need to increase the workforce at the cotlactevel. Waste
segregation is a significant obstacle and remailkaumnting task. Despite the existing intelligentppiag and routing
technologies, the segregation of waste, especallthe household level, is still limited. The sectequires a higher
utilisation of economical and user-friendly tectatisolutions. Another core issue in the sectohéslack of accountability
and transparency resulting from the monopoly anatrob of a small number of private companies. Doghte limited
knowledge of stakeholders (sometimes corruptiorg #ne lack of innovative solutions, the methodsduaes not the
optimal for effective waste management. Therefdris important to develop capacity building andaa@ness programs
for responsible authorities and relevant citizensespond to behavioural changes and incorporaset gractices into the
waste management sector.

11. Smart GovernanceSmart governance or good governance are two sfdbe same coin. The use of the internet and
digital technology is creating a progressive gowegnt- public partnership, strengthening governniastitutions and
integrating all sections of society. Informatiorda@ommunication Technology (ICT) has become argnatepart of our
lifestyle. Without the internet and digital techogy, modern lifestyle is unimaginable. Whether sttiansportation,
telecommunications, healthcare, security, educaitmost every segment of society is dependentcdn E-governance
and involvement of the public in decision-makinggess is the most important aspect of smart goweena

'‘Smart city governance’ contributes to developinfgaanework for building new, smart governance medaldressing the
challenges of the digital society, collaborativevggmance, information sharing, citizen engagemgatsparency and
openness. The diverse ecosystem of stakeholdaugessmart cities to define governance clearlyy @&aders, regional
governments, transportation districts, corporaté aon-profit partners and, depending on the fundimagel, state and
federal agencies may all participate in establighamd executing a smart city vision. Stakeholdéisukl be able to
articulate their responsibilities and ensure thgirapriate information flows to the right decisiovakers. Establishing
accountability upfront and creating mechanismsrieedtimely decisions are also critical. Theref@@ART refers to :- S
= Standardizing, M = Monitoring, A = Accounting,/RRethinking, T = Transforming.

According to the Smart City Guideline, The strategiomponents of area-based development in the Si@éres Mission
are city improvements (retrofitting), city renew#tedevelopment) and city extension (greenfield depenent) plus a
Pan-city initiative in which Smart Solutions are g@fied covering larger parts of the city.

a. Retrofit: Retrofitting will introduce planning in an exisgirbuilt-up area to achieve Smart City objectivdeng with
other objectives, to make the existing area mdiieie@fit and liveable. In retrofitting, an area cisting of more than 500
acres will be identified by the city in consultatiwith citizens. Depending on the existing levelrdfastructure services in
the identified area and the vision of the residetiie cities will prepare a strategy to become snfince existing
structures are largely to remain intact in this elpd is expected that more intensive infrastruetservice levels and a
large number of smart applications will be pack&d ihe retrofitted Smart City. This strategy mégoebe completed in a
shorter time frame, leading to its replication mother part of the city.

b. RedevelopThe redevelopment will effect a replacement ofekisting built-up environment and enable co-cabf a
new layout with enhanced infrastructure using miled use and increased density. Redevelopmensages an area of
more than 50 acres, identified by Urban Local BselgLBs) in consultation with citizens. For instana new layout plan
of the identified area will be prepared with mixatid-use, higher FSI and high ground coverage. &wamples of the
redevelopment model are the Saifee Burhani Uplifiniroject in Mumbai (also called the Bhendi BaZaanject), and the
National Building Construction Corporation is un@éing the redevelopment of East Kidwai Nagar imMN2elhi.

c. Greenfield:The greenfield development will introduce mosttloed Smart Solutions in a previously vacant arearémo
than 250 acres) using innovative planning, planfibtance and plan implementation tools (e.g. lanalipg/ land
reconstitution) with provision for affordable hongj especially for the poor. Greenfield developraent required around
cities to address the needs of the expanding ptpulaOne well-known example is the GIFT City in j@at. Unlike
retrofitting and redevelopment, greenfield develepits could be located either within the limits foé tULB or within the
boundaries of the local Urban Development AuthafilipA).

d. Pan-city: The pan-city development envisages applicationselected Smart Solutions to the existing city-wide
infrastructure. Implementation of Smart Solutional wvolve the use of technology, information awhta to make
infrastructure and services better. For examplglyapy Smart Solutions in the transport sector gliilgent traffic
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management system) and reducing average commugeotimost to citizens will have positive effectsmoductivity and
quality of life of citizens. Another example can\aste water recycling and smart metering, whiaghroake a substantial
contribution to better water management in the. city

To summarise, for India to become "Digital India"he following framework needs to be followed - DigitEconomy,
Digital Government, Digital Industry, and Digital &ciety by Accelerating digitization of existing gers; Competing by
integrating the ecosystems to grow India's compeginess and foster new ecosystem that is digitalyabled;
Transforming by developing the next-gen digital instry as the growth engine.
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There is a clear need to clarify what it meansd@b employee versus to be an entrepreneur. Vezg pbung students or
experienced professionals, are unsure which pdftiltw. Given the situation in India and the inastng number of start-
ups this question is more common now than a fewsyago. The situation can be a very confusing @neexperience

professionals and young professionals alike as Ity to find their sweet spot. The working professls wonder if they

should to continue as an employee or find their wayan entrepreneur. The graduating students ater yomessure to
choose between a job and a starting a start-uggjdition to the questions from their parents amailfa

There are some similarities between being an emnepir or an employee. Some of the skills andbatties are common.
Obviously there are many differences too betweemth

0TI Entrepreneur |

Having said that it is not a simple choice to mak#hichever choice one makes, it can keep coming bathe point to
assess whether the other path wold have been .biiing a choice between them is tricky to manpdAeeping that
choice can be even more tricky for many, dependmthe circumstances of their employment.

As an employee one can be working for a large small employer. Similarly as an entrepreneur thoengéryone starts
small, one can exercise the choice of growing dr Imothe process one can stay relatively a snirafl, fwhich can happen
with a consultancy firm or one can grow their veatinto a large company.

Large employer

Employee
Small employer

™N it fires

| Entrepreneur |
W _lu'
b gy . -~ . I-a rgE ﬁ"n

That essentially offers three paths — Entreprerenfra small or large company, Employee of a lanmga smaller firm and
Intrapreneur in an organisation, typically of largee.
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- Entrepreneur

Intrapreneur

The essential difference between the three roléiseisnindset. The key point is how one sees a ghiteiation as at any
given point of time. A typical employee sees a nistre often than not while an entrepreneur lookhatsame situation
and spots an opportunity.

The starting point to make a choice should be kngwiery clearly what you can do and what you wardd. The overlap

of these two aspects creates the value you catecrBlae former is about the skills, learning, thainetc and the latter is
about your temperament, natural abilities, prefeesnpersonality etc.

Natural abilities, _ E:fuﬂm:-n. training,
personality, temperament H.] [ skills, learning, etc

What you i.- - What you

From there one needs to know what value they @fifel combine with what the needs are. The intesedf these two
aspects determines the worth of your choice. A®mployee what you offer has to match with whateéeded by the
employer. As an entrepreneur what you make shaeildeleded by the market.

What's in it for me is crucial in both aspects. Whhis fit is good, the stability of the choicehigher.

As an employee what you give could be time and wbatget could be money. An entrepreneur what yiee gould be
more than time and you could more wealth in rethem an average employee. But the relationshipdsrwvhat you give
and what you get is not linear in both cases ondban employee or entrepreneur. For an entrepreéhewurve can take
many forms from very good to very bad returns.

Having a good job description for either an empéoge entrepreneur is key. If what you want to desiict match to that
job description, it leads to dissatisfaction in yoole which eventually leads to poor performari€gou cannot do what
the job demands, then it leads to frustration. Wten the other side looks greener. On the othed lifayou cannot do
what you want to do this will make room for dematien which ultimately makes you dysfunctionalat role.
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What you want
to do

Demotivation

Dissatisfaction Ef? ( Offering ) %

What you are What you cannot
supposed to do do

(D) & oy (Responsibilities)

Frustration

The professional growth is more rounded as an praneur and mostly this is needed to be an efeativrepreneur.
However as an employee the skills and professigimadith is close to your areas of responsibility.

There are many parameters that separate entrepseareliemployees such as salary which is not gtesdnfixed or even
regular, absence from work needs more planningkiwgrhours which can be as many hours needed astagpreneur,
guarantee of income and even guarantee of worleecgrath, designation that won't change much aerdrepreneur,
stress levels because of the previous points,aiigkreward equation which are skewed towards gslaf entrepreneur
and most importantly decision making process iy Weiavy for an entrepreneur compared to a typicglleyee.

The skills needed are aligned though not in defthme of the skills that are key to making the chai¢ being an
employee or entrepreneur are leadership, negatiagteategizing, marketing your work, customer nggmaent, regulatory
awareness, dealing with ambiguity and ability toystonnected to society and social life.

There are more differences between being an employeentrepreneur. Freedom and responsibility s iomportant
difference, security of money and wealth and groaiting with risk and reward is another differentiat

If employment helps you manage a living, entrepuesiep helps you manage life. While employmenthiswt what you
can do, entrepreneurship is about what all you danAs an employee you give a slice of yourself,levlas an
entrepreneur you give yourself because employnsemiginly about a part of your time and entreprestapris about your
entire energy.

Before making a choice one should identify a raleple model and very clearly understand why tbit and role model
resonates with them. They can then experiment paetitime to get a real feeling of what they thiskrue. One should
also be very clear what they bring to the table #ad has to be real value added stuff. There shalslo be a clarity of
what their growth plans are which can help deoidee an employee or an entrepreneur.

What one should avoid doing is to change from anthé other when they are unhappy without knowhegreasons for
that or when they are unsure.
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technical talks on Innovation, and has developsdlabus for academia.

Areas of specialisation: Innovation for Businesspdvation Strategy, Intrapreneurship, IP & Patefischnology &
Innovation Competence Management, Converting ideasnew Products and Services, Product design, Etodu
Development & Realisation, Mentoring start-ups, Airécal Manager Mentoring & Coaching

Related Readings

The Atlas of Innovation for Economic Stability: The Atlas of Innovation for Economic Stability peess 63 examples of
policy, program and technology innovations thatnpote economic stability for individuals, communstiefirms and
countries, with an emphasis on the welfare of pawod vulnerable people worldwide. We found strong diverse
innovation in India, Kenya and the United Stateslohesia stands out for the use of data and inmovabols in
government, and Brazil ranks high for public safetlated domains. The majority of innovations ariwgiely provided
and enabled by mobile technology and data, althaughdentified several pockets of significant gowaent and donor
participation in catalyzing or scaling innovatidrhis publication was funded by The Rockefeller Faation. To download
/ see an interactive repdrttps://www.fhi360.org/resource/atlas-innovatiorecmic-stability

18 pros and cons of being an employee vs. being amtrepreneur: Both being an employee and being an entrepreneur
have their own advantages and disadvantages. Eeteyrs are often portrayed as happy and freetaksks that have the
benefits of controlling their own time and incoridey often have uncapped potential earning andwap from industry

to industry using and developing business skillg thtimately add to their success and experience.

In the real light of day though, many entreprendails They don’t have the guaranteed income andkvavailable that a
contracted employee can enjoy. Unfortunately, tbégn don't have a team of colleagues to rely apgedd on, a
paycheck to cash at the end of every month, a coynpar and medical insurance, and a chance of caregression
within the same company in exchange for years wice

From the complexities of registering your compampuigh to arduous tax returns, failures, falloutd Ausiness pitfalls.
The life of an entrepreneur is not as star-studakegeople would believe when they see the word aapipethe press.
However, the diversification available to thosettbhase their dreams with new inventions and madteas can often
lead to self-satisfaction and an abundance in denfie that will help across all areas of life. dday’s western society
there is more and more opportunity for people tocead and thrive as a freelancer and entreprembergrowth of the
internet, remote working and artificial intelligenc.. Along with the advancements in broadband anEI\t¢ichnology are
making international freelancing easier and ea8ielow we’ll discuss the advantages and disadvastagailable to both
the entrepreneur and the employee. Full Posttigt//bit.ly/2kWXmj8

12 Important Differences Between Employees and Engpreneurs: There are two types of workers in any organization
Workers with an Employee Mindset & Workers with Bntrepreneurial Mindset. Some people surround teéras with
the pre-planned deadlines. Some people prefer tkh @their pre-planned future goals. It does natter whether you are
working for a company or not. What matters mostdar mindset. On the basis of these two categoeesis look at 12
major differences between an Employee and an Eneinepir. Full Post dittp://bit.ly/2kMel1Gc

30 Ways to Become a More Successful Entrepreneu®@wning your own business gives you a sense ofifneeand
empowerment. You can build things and watch theowgrEntrepreneurs make decisions for themselvedizeetheir
creative visions, and develop lasting relationshifib other entrepreneurs, customers, and ventttas great way to live.
That's why I've founded so many companies — | cg@t enough. That's why I've put together thess tgphelp you to
become more successful. Full Poshi#ps://neilpatel.com/blog/become-successful-engnegur/
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How to bridge the gap between Employability & Employment - A thought

Dr. S. Sridhar
Ex. President and Vice Chancellor, Dr. K. N. Modhitrsity, Rajasthan
drssridhar@yahoo.com

1. Hypothesis: Every admitted student is capable

2. Present situation: Normally engineering courses$ absut 8 Lakhs for 4 years in private collegegeAfinishing the
course there is no guarantee of getting good jafier the course, getting a job with salary 20k @nalso waste , as
compared to money spent for the course. Today swiemce degree or Arts degree students get 20kairy rolerical
govt jobs or digital online jobs.

3. My thought: First two years the fundamental sulgeetated to the discipline with outcome based atioic method,
are to be taught. Next two years the students dhmawe the option of selecting only industry oréshskilled courses
with hands on experience by Industrial experts umdéustry Institutions Interaction basis with gacent oriented
way. To achieve this, institutions should follovetimethod of NTU, Singapore, where every Profess@irector in 4
or 5 companies and thereby the students can bly pasked with jobs. Institutions should have mhneded Labs by
industries, carry out industrial projects in thenfioof consultancy work and thereby the studentst@itse associated
with projects execution from third year onwards.eT¢omputing power in the institutions should bdiagd for
product developments with research focussed psojeseful for society.

4. For higher studies aspiring students, more resdais should be given by doing creative and intiggavork from
3rd year onwards under the guidance of a Profebgquublishing papers in Scopus indexed journal@n of science
to meet the standard , so that they are readyHDrgtogrammes further as per their expectation.

5. For entrepreneurs, special focus similarly has @¢oglven through establishing incubation centres] gradually
creating a company with short term and long teragydr his is the need of the hour today!

Conclusion : Admitted student is placed with degeift or packed for higher studies or developed ragm@repreneur
through the aforesaid method !

6. Views of different Stakeholders :

Annette Indralal: https://www.linkedin.com/in/annette-indralal-a516as884

In my opinion, Skill development is very importaior every graduating student. If given the indadtexposure, the

student will be very clear in choosing their figflinterest. Instead of the traditional lab expents there can be a way to
interact with relevant industries and the oppottagithat each subject has out in the market. fdsalties should take the

initiative and interest to be more than a teachsntor, trainer, interactive discussions aboutptesent situation in the

industries, career guidance, etc).

Vineeth A: Executive member at CSD ROBOCON NITK

But the problem is , after 2 years of studying eegring subjects(in current methods) many BTectiestis including me
are in no position to judge themselves that whetthey want to go to higher studies or industry @cdme an entrepreneur
. If such person chose either of them , one woelddrrowing down his/her path and may be whaké hie /she wanted to
persue other as their career . So | guess , codeggonment in the first two years must be modifand then if govt
installs this type of education you have suggesthdt would be really great for one's future iniihg the nation's.

Koushik CV: https://www.linkedin.com/in/koushik-cv-b24297ba

| swear by OBE and | have been propagating theaprtbrough training hundreds of engineering calégulty! | agree
with your approach that OBE is the most effectiveywito match industry skill requirements with studeosmpetencies! It
is applicable not only to the engineering and eslatourses but also to all other instructionalvéess that involves
learning! It is the most effective way to moulddgats to the precise requirements of the outsidddwbe it placement,
higher studies or entrepreneurship! | suggest WWaC or other designated authority must develop ersthearning
resources for engineering faculty and studentefer to and become more conversant with the OBEeutt
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Suraksha R V: https://www.linkedin.com/in/suraksharv

OBE is what exactly we need Sir. | think our fost®uld be on getting corporate ready. We need péeiment everything
we learn or else it'll be a waste. For getting yefad employment, we need to do live projects a$ when we learn. In the
first year of my engineering, we learn subjectd tha aren't interested in despite choosing a spdaifinch. A CS or IS
student studying mechanics and other branche®ghip waste of time. They are basically studyign just to pass that
semester. So it's of no use. And hence, | think slystem in which we study something not relateduo branch isn't
productive, | believe. Also, many don't know thepomtance of internships in the first year itseld, he college should
spend some time, once in a while in creating avesgabout this among 1st year students and alde them in landing
internships.

Siva Kumar: https://www.linkedin.com/in/siva-kumar-62a4a535

To be frank | really wanted to comment on one ofirypost | saw recently. It was about restructuriing engineering

curriculum. I'm an M.Tech student from IIT KanparAerospace engineering with a specialization opptsion. It is very

difficult to get an admission in IITs, and come dnam there with a degree. Still | am unemployexhking for jobs. And

not just me, placements were very less, this yaly 8/10 people got place from propulsion. Out loége three 2 are
placed in coaching institute. We are coming in \ii¢h big aspirations, and now.. In a nutshell, educational system
needs to rethink about structural change for emging academics. we are not scientist to learnythvieig. We are

engineers, we build things. Outside india, thereeis/ good tie up between industry and academiaevsieidents are part
of many industrial projects and by working with tiehey will gain the experience, where in India fitefessors are
actually selfish, making the students to work foeit personal scientific research gains, and tongete paper work
published and for their growth. Thank you sir, dade a great day ahead.

Shivam Nagpal: https://www.linkedin.com/in/shivamnagpal

| agree with your thoughts on outcome based edurtali will help students to figure out their arehinterest to work
much earlier and they can strengthen their si8tadents will get a gist of work they will be doiimgfuture. It will also
help Industries as they will be more confident aliorng students.

Sanjay Adhikari, Founder at Embedkari, Bengaluru, Karnataka, India

Great advice Sir . | got one from Aman Goel todayithwexcellent study plan for CSE students
https://embedkari.com/2019/07/30/advice-for-those-students-who-learned-nothing-in-college-but-wagh-to-work-

at-google/

Namratha M, Research Scholar at NIT Trichy

1. Outcome based education main impact would beebgtality of placements 2. Projects would helpdehts explore
new things 3. Students are exposed to the ind@stvyronment and hence it is easier for them to sadjo their work
culture 4. Skill set of the student is strengthefuether.

Ramchandra Palakodeti, Sr Consultant at CCiTRACC ;Sr Mentor for Career Development & Sr Life Planner,
Hyderabad, Telangana, India

Its the way to go and we need to address “how inidgsespecially the likeminded and good ones acgoe avith so many
thousands of graduates” how are they going to aotugate so many students ? We have to figure osittthimake it
practical and feasible

Venkata Ramana Ratnakaram, Chief Information Techndogy Officer at Candidbrains, Hyderabad, Telangana,
India

#candidbrains has been established based on thtarsistirategy. We are providing employment skilaiting on
Information Technology. We are going to hit the kediin 2020 to disrupt education, learning anduiéarent domains

Prof.(Dr.) Devendra Pathak, Vice Chancellor at Onfterling Global University

Very practical solution in the contemporary crisfsgalloping unemployment. Your suggestions opertwp- pronged
possibilities of job and self-employment.
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Rajesh Khanna, Professor at Thapar Institute of Engheering and Technology, Patiala, Punjab, India

Outcome based education plays an important roletimtent as well for instructor. Instructor cargalhis teaching and
assessment methods easily by using course leasoiegmes. As per your hypothesis the program leseilome will help
student to choose right path. In all these casesticomes should be clearly observable and mesdsdare

About the author

"Best Scholar " awardee by Department of Techniedlication, TN Govt on 24th Aug., 2010 by
Hon'ble Minister of Higher Education, by appreigteducational and research activities, with dcas
prize of Rs.25,000/-& a certificate

* Ph.D (1984) from the School of Computers and SysteidU, Delhi, India

» Guided so far 20 PhD scholars and all are awardgdegs

* Published so far 178 research papers in natidn&drhational journals / conferences

» Total experience 41 years in Education, Researdhlratustry. Worked as Vice Chancellor in 3

universities

« Carried out 42 Software and Hardware projects fa@rfah International Airport during the span oféags

30 R & D projects for ONGC,India during the sparibfyears

» Awarded with research titles like , RMR(USA), RZF&¥rmany), RACI(Paris) and reviewer for IEEE joumahd
other international ones.

* Authored two books on "Distributed DBMS" (ISBN 8¥58-177-5) as a joint author with Ozsu,University o
Alberta,Canada, Pearson publications and anottat bo "Datamining” (ISBN 81-7758-785-4) jointly WwiCanadian
Professor Dunham are released as impression 20@68\bboks by Lambert publishers Germany
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Related Readings

Employment & employability: India’s dual challenges On February 1, 2018 the government will present ohthe
most anticipated budgets of its tenure. Howeverstmd the young Indians worry about the employnapportunities in
the country. In a top-tier engineering collegeha eastern part of India, more than 600 studeptsvarried. They have not
found jobs through the campus placement processryBre has sent out feelers to the family to explaptions through
the family network. Several of them do not haveltheiry. They have loans to settle. Should theyobe entrepreneurs?
Can Budget 2018 address these concerns adequAtalg®ding to the World Bank, over 30% of Indiandvieen the ages
of 15 and 29 are NEETSs, “not in education, employha training”. In 2016, National Skill Developnte@orporation
trained more than 550,000 workers. Only 12% of é¢heainees found jobs. How will Budget 2018 addijesscreation?
Full Post ahttps://abhijitbhaduri.com/2018/01/25/employmentpdogability/

Youth in India: Challenges of Employment and Emplowbility: Using the NSSO Employment and Unemployment
Survey Rounds as the basis, this paper examinegtigpe of unemployment, employment and human dafaitenation
among Indian youth belonging to various social aekiljious groups across different regions since d@blgent of the
economic reforms in the early 1990s. The paperemdor strengthening measures to create decenbgmepht on a large
scale and for improving the education and skilelewof youths with a greater focus on those belongd the marginalised
groups of Indian society. Download the paper fiftttp://bit.ly/2m883zp

National Employability Report Engineers, 2019:In the fifth Edition of NER, Aspiring Minds findghat the
employability of Indian engineers has not changedaggregate level since 2010 — we call it ‘Stubddnemployability’.
This calls for systemic long term changes in highducation in India. Furthermore, the report coragathe skills of
Indian engineers with those in other countries @alsd looked into whether Indian engineers are atgunew age skills in
areas like Al, mobile, cloud and web. In a firéte report looks quantitatively into the reasonsléov employability and
makes detailed recommendations for change. Sumrm@enly 3.84% of engineers are employable in sofearaiated jobs
at start-ups; Around 3% engineers possess newldlie in areas such as Al, Machine Learning, Datgieeering and
Mobile technologies. On an aggregate level, emfildiyyain these areas is around 1.5-1.7%; A mudayhkr percentage of
Indian engineers (37.7%) cannot write an error-freée, as compared to China (10.35%).; and Only d40&ngineering
graduates end up doing an internship and 36% dnjgcts beyond coursewotkttp://bit.ly/2kZ9i3V
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Build a Micro Product - Expand Your Software Skills

Mr. Dorai Thodla
CTO of iMorph Innovation Center Pvt Ltd
dorait@gmail.com

What is a Micro Product?
A micro product is the smallest useful product gan build in a few months. Your micro product canabsoftware tool(1),
a web application (2), a mobile application oraang.

In this article, we will discuss how building a mégoroduct can expand your skills as a Softwareirkeeg.
Why you may want to build a Micro Product?

There are several reasons to build a micro prodetlist three here.
e Use it as a first step in learning how to builddurots.
e To start a small revenue stream doing side prajects
e To satisfy your creative urge.

If you are a software engineer, building a microduct may be one of the most powerful expressidéysuar idea.

Here are a few more reasons. Building a micro peoddll:
1. Help you build several skills including user intetian design, testing, deployment, hosting.
2. Help you become a full stack engineer (3).
3. Improve your ability to think about the bigger pi - a whole product instead of parts.
4. Help you understand how to focus on the most itgmbrspects of an application.
5. Teach you how to make lots of micro decisions.

But most of all, it will increase your confidenaehuilding an end to end application.
How to go about building your first micro product?
You should build the first version of the produat four own use. Once you are satisfied, you canesih with others.

Here are a few steps.

Make a list of your ideas (the more ideas you hehwepetter).

Describe each idea (focus on what the idea is dndyeu are building a product).
Select one idea.

Make a list of high level features.

Mark each feature as essential, desirable or nibave.

Create a list of development tasks and prioritiesnt.

Write code and tests to build usable versions efpttoduct.

Test each version and write simple release notes.

Iterate 7-8 till you get the product you want.

CoNoUA~AWONE

Let us work through an example step by step.
Make a list of your ideas.

We will start with a few ideas.
e A Word game
e A News Assistant
e A Writing Assistant

Why do you start with an idea list? Why can’t warstvith just one? It is a good practice to stathwa few ideas and go
through a process of selection. We are startiny @ideas but you can start with more. In our pobdwotcamps, we start
with 10 or more ideas.

Describe each idea

Once you have an idea list, you describe each W¥bat is your idea and why are you interested ifdmg this as a micro
product?
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Word Game: A word game is a simple web app. Weentes user with a random list of 6 letters. In 3umés, they need to
create as many 3, 4, 5, 6 letter words as poskiime these 6 letters.

You can play this game to test your vocabulary.ebwersion of the game may be a great tool to galesdfrning English.

News Assistant: A News Assistant gathers news basaaur interests and stores them for easy ac¥esscan browse
through the news items reading summaries, filtemttusing keywords or visualize them as keyworddsou

A News Assistant can save you a lot of time byemilhg information from online news portals, clustg them by
keywords, removing duplicates and summarizing gw@susing Machine Learning algorithms.

Writing Assistant: A Writing Assistant helps youiterbetter. It can be a simple chatbot or browsézresion.

A Writing Assistant can be useful to people for whinglish is a second language. A web version@fihiting Assistant
can gather analytics from an entire class of stisgdand cluster categories of errors to help aniEmggtacher.

Building the Micro Product

If you are building it for others to use, you cdmose a platform based on your target users. Yopick one of the
following approaches based on your skills. Build it
e As a desktop application
As a Web Application
As a Browser Extension
As a Mobile Application

Select one Idea

How will you pick one to work on? To keep thingsigle, we will evaluate the idea based on threameters.
1. Willit be useful?
2. Canlbuilditin 2 to 3 months?
3. Does it help many people?

Your answers to each one of these questions may&s/No/Not sure. We will assign scores (1 for,Ye$or No and 0.5
Not Sure)

Here is one version of the table.

Micro Product Will it be Useful? | Can | build it in Does it help many | Score
3 months? people?

Word Game Yes Yes Not sure 2.5

News Assistant Yes Yes Yes 3.0

Writing Assistant| Yes No Not sure 15

Based on our evaluation, we will pick News Assistémthe rest of the article, we will go throudtetsteps of building a
News Assistant.

We kept this process of idea list and evaluatiompg®. You may have a bigger list of ideas and n@thgr evaluation
parameters. For example, If you want to start apcbbusiness, you may have other columns - bssipetential, size of
the market, ability to reach potential customets, e

Make a list of features of the product

We decided on the News Assistant. So let us mdis¢ af high level features. To keep your first naigroduct simple, we
will narrow the scope to Technology News.
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A News Assistant needs to:

ONoOOR~WNE

Identify technology news sources

Gather news from the sources and store the nems itea database

Remove duplicates

Extract summaries from each news item and stanetlite database

Extract keywords from the news text and store ifieof keywords along with the news item

Create a simple view to show news headlines andrauies

Create a simple keyword search

Create a clickable keyword cloud so that when & clsgks on the keyword, all the news items coritajrthe
keyword are displayed

Prioritize Features

You are the first user of the product. What woubd yike to have the most? | grouped the featursthree categories:

1. Essential

2. Desirable

3. Nice to have

Feature Category
Identify technology news sources Essential
Gather news from the sources and store the nemws itea database Essential
Remove duplicates Desirable
Extract summaries from each news item and storetlite database Desirable
Extract keywords from the news text and store ifteof keywords Nice to have
Create a simple view to show the headlines and samem Essential
Create a simple search view to filter news item&dogwords Desirable
Create a clickable keyword cloud so that when a ciggks on the keyword, all the | Nice to have
news items for that keyword are displayed

The essence of the News Assistant is to help usurne news (in our case technology news) more afédygt

This kind of table is a good starting point foridating features. In later versions we can shaw & few people and get
their feature requests, and add them to the list.

Create a list of development tasks

The next step - going from features to developmeasks should come easy to you. One good appmheh you are
building micro products is to use open source fiesgmodules as much as possible.

Here are the high-level tasks for the News Assistan

1.
2.
3.
4.

5.

For each news source, find out whether they proaid®SS (4) feed or an open API (5). It is prefierad use
RSS. In fact, work only with news sources that @e\RSS in the first version of the product.

Store the name of the news source, its URL antJfEe of the RSS feed in a database table.

For each news source, retrieve the latest newsit8tore each news item as a separate row ine tabl

Use an auto-summarizer (6) to extract summariesdoh news item. If you cannot find a good autofsanier,
use tools to extract the first paragraph of thesé@m. Store the summary along with the news item.
Extract keywords (7) from the news item. Theresmeeral open source libraries and services thahehnyou
with this.
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6. Create a simple view of the news items with themdiines and summaries. If you can extract keywgmis can
display them as tags along with the summary

7. Detect semantic similarity (8) between news itemd @iminate duplicates. There are libraries you use for
doing this.

8. Collect all the keywords(extracted in step 5) arehte a keyword cloud. When a user clicks on a kegwsearch
all the news items that contain the keyword angldisthem.

Divide your development into two week code spr{@fs At the end of each sprint, aim to have a tdsefasable product.
Start with essential features and then expandclade others (desirable).

There is joy in seeing your product gradually tagkamape.
Hosting your Product on the Cloud

Once you build your product and test it, you carkenfavailable on the Cloud (10). You can use afityhe Cloud
Providers like Amazon, Microsoft or Google. Manytbése services have a free tier you can use dhileloping and
testing it with a few people. You can also hostrilen Virtual Private Servers

You can show your product with the essential festio get some feedback.
Conclusion

In this article, we covered how to build a micreguct. You start with an idea list, pick one idesdd on your own
selection criteria, start building the product aesting it. You will iterate through several thingthe end-user interface,
the organization of the modules and even the libsar

Make sure you use a version control system to @engour releases. Each release should have aeaiess, sources,
database schema, images, etc. It should be eagguddo go back to an earlier version if you eveedto.

Once you have a satisfactory product use it fohdewYou will come up with your own list of chargyand new features.
Add them to an issue list and tag them as budsatures.

Building a micro product can be an enriching exgreee. You will go through many of the same stepsuilding a much
larger product but will do everything on a sma#ieale. You will use shorter development cycles mady iterations.
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“Creativity is seeing what everyone else has seamd thinking what no one else has thought.”
— Albert Einstein
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Engineering Success with English
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A good command of English is essential for Inditudsents entering the engineering sector. In faist year’'s National
Employability report for Engineers carried out mdia’s Aspiring Mind’shighlights the importance of English language
skills to remain competitive in the job market lvistsector. The report looks at employability besoand in one section it
looks at the skills needed to carry out the rol& efhnical Content Developer. One thing that resiiyck me about this
section was the fact that the report found that $1s57% engineers possessed the required domainléaige and only
17.75% had the required English skills meaningettmployability in this role stands at just 12.15%.

These figures are staggering and | think it's ckbat there is an increasing need for Indian sttedplanning to enter the
engineering sector to be able to communicate wellinglish. This will help them have a positive exgece of the sector
and allow them to thrive as they climb up the calagder.

This creates an ever-growing demand for employats education institutions to understand the chghsnof learning
English in the workplace, so suitable support cam fut in place. However, this is a complicated aare

A group of our experts at Cambridge Assessmentigimglet out to find some of the answers with thelstEnglish at
Work: Global Analysis of Language Skills in the Wplace’. The survey looked at the importance oflEhgn the global
economy. More than 5,300 employers from 38 coumtitek part including representatives from Indiae @so analysed
20 different industrial sectors including manufaictg and engineering. So, what did we find out?

Is English significant for my organisation?

Generally we found that in countries and territerighere English is an official language, 97% of Eygrs said that
English is significant for their organisation.

What about the engineering sector?

The survey received 483 responses from the mamnufagtand engineering sector which helps us totpaireally good

picture of what's going on in the sector. We lobla the percentage of employers from the diffesextors who said that
English was significant for their organisation.the manufacturing and engineering 97% of respoisdieoin countries or

territories where English is an official languagédsthat English was significant for their orgatica.

What level of English do | need to do my job?

The English at Work survey also looked at what ll@feEnglish is required in different industriesorRthe manufacturing
and engineering sector 13% said you need a natixed bf English, 49% said you needed an advancesl & English,
30% said intermediate and only 5% said a basid Evenglish.

| think it's very clear from these findings thatganisations working in the sector place a huge napoe on a high level
of English language skills to carry out a job. Batv can people improve their English language skilt the workplace?

Learning English with Cambridge Assessment English

Cambridge Assessment English (CAE), helps peomenlé&nglish and prove their skills to the world.isTincludes
working with individuals and global organisatiorts lelp them achieve their goals. One really goog aimproving
English skills for the workplace is to take a gfiedition test that covers the skills you need imcess.

The Cambridge English Qualifications are in-depthres that make learning English enjoyable, effectind rewarding.
The qualifications have been designed to help peidmals develop the English language skills to roomicate
confidently in an international workplace. The dahdor these qualifications continues to grow amelytare accepted and
trusted by thousands of leading employers and dsgtons worldwide. | think the secret to the swscof CAE
qualifications for business is that they are baseduthentic situations, giving people the skile€bmmunicate in real-life
business scenarios. The Speaking test for exampékeén face to face with our expert examinerstsdents will develop
the ability to express their opinion, present tldéras and negotiate in an international workplace.
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Three of CAE’s popular exams in this space are Bdifess Preliminary, B2 Business Vantage and CinBss Higher.
As the names suggest these qualifications areimkikd at different levels of the Common Europeanntewaork of
Reference for Languages — which is an internatiaral of measuring language ability.

What can people expect from the different levels?

B1 Business Preliminary is a qualification that whoan individual has mastered the basics of busifawglish. The
business qualifications then move up to B2 Busives#tage — which is a qualification, will help pé®mvhen applying for
new jobs, getting a promotion or to develop theireer. The highest level business qualificationde®elop is the C1
Business Higher — this qualification gives people practical language skills they need to operatdigently at a senior
level in global business.

What is the best way to learn English?

Two of the best ways to learn English is to staryaung as possible and immerse yourself in as mattyentic English
language materials as possible. Thankfully sineeativance of the internet, it's even easier thar &v read English
language newspapers, books, play games in Engilit aven helps if you listen to music in English!

Cambridge Assessment English are in detailed disms with technical societies around the worldmtake available the
Business English qualifications to the members.p&tiag for these exams help them to develop therkplace
communication skills and enhance their employahilRAE also offer lots of free preparation mateviah its website and
also has a Facebook page for learning Englishgifras tips to millions of people around the worldadaily basis.

It's a really exciting time to be entering the eragring sector but it's not without its challengé&th the right motivation,
skills and approach, I'm sure the next generatiolmdian engineers will make a huge impact.

About the author

Arunachalam leads the South Asia office of the Qaagle Assessment English, (earlier known as
Cambridge English Language Assessment), which he imgrumental in setting up in 2005. The
South Asia office manages the operations for Indigpal, Sri Lanka, Maldives, Bhutan and
Bangladesh. He has a Master of Arts (MA) from Unsity of Cambridge and is an alumnus of Loyola
College, Chennai. He has worked with the BritisglHCommission, India as an adviser for Education
as well as with the British Council, India. In hisirrent role, he leads the team that supports the
English language learning and assessment for sghioigher education institutions, corporates as wel
as the teacher development. Arunachalam suppodigaides various ministries of Education in the
South Asia region in the area of English languageetbpment and is instrumental in building enduring
partnerships between Cambridge and institutionSanmth Asia. An avid marathoner, he recently consplethe Tata
Mumbai Marathon.

Related Readings

25 English Idioms and Phrases That Are Commonly Uskin Business:You're sitting in the conference room with your
coworkers, waiting for a meeting to start. As saro@orkers pour themselves cups of coffee, othexschatting among
themselves. Someone is saying she hasutaornersto finish her report on time. Someone else isitglkabout how a
difficult customer has kept himunning round in circles In workplace conversations, you'll notice thasimess idioms
and phrases like the above are being used alirttee To be able to participate actively in thesevemsations, you need to
master the idioms and phrases commonly used iméssi That's exactly what we're going to do herehis post at
http://bit.ly/2m7cHh3

40 Useful Business English Expressions

1. 800 pound gorilla- the biggest, most powerful group or compagyample "If we follow our plan to make this new
software, we're going to have a lot of competitionjuding from the 800 pound gorilla, Microsoft."

2. (a rising tide that) lifts all boats- something that helps all people or all graupsample:"We're only number three,
but the current economic growth will lift all boat® we're sure to make a profit this year."

3. an old hand- a person who has long experience, especially inptaee.Example:"He can help us set up a company in
Beijing. He's been working in China for many yeaasd speaks Chinese fluently. He's an old China .hand

For full list, pl. visithttp://bit.ly/2kJtimV
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My Reflections on being a Software Engineer

Ms. Wafa Waheeda Syed
Software Engineer, Qatar Computing and Researchuites
wafawaheeda@gmail.com

Software Engineer! Software Engineer is well-knoasa common job title to address anyone workingnfarmation
Technology. However there is more to it. Most ofame software engineers with different flavors. Andst of us do not
know how and why we ended up becoming one. | ampyh&pshare my reflections on being a software ragyi and why |
became one.

I, like many others did a Bachelors in ComputereSce & Engineering in Chennai, Tamil Nadu with @algo become a
Software Engineer. However, on finishing my undadgi moved to Qatar with a motivation to expldne vast field and
figure out what I like.

| had started my journey with an internship at @&@amputing and Research Institute, where | sihglededly worked on
a project. | was exposed to new libraries, framéwa@nd concepts in the process. | worked on deiraagn app which
visualizes insights by mining Twitter data. | ergdydeveloping the data visualization element ofpitugect, most.

| decided to pursue a Masters in Computer Scieh€@atar University and get more perspective. Thhotlige program, |
was exposed to different areas of computing. | veento pursue data visualization as my researdic.tbplso had started
working on a project where | had the opportunityptosue research and development in data vistializand human
computer interaction.

Reading research papers, framing hypothesis, dagiggxperiments, developing the charts (using d3jeee js) and
iterating based on the user feedback, had becomearly routine. The exposure to research and my sr@ndexperience
with the visualization libraries and frontend frammeks was a good takeaway for me.

All through my postgrad, | have had long thoughiewt my career path. | was deciding if | shouldsoer research or get
in to development. Upon reflecting on my experiesodar, | somehow decided to get in to developmant now, after
becoming a habitat of the coding and software esgging ecosystem, | look back to reflect on whyhbse to be a
software engineer and what it means to me.

Simply put, my developer journey began from the tatarted enjoying the computer lab classes insatyool, where |
was introduced to the World of Web by designing wwelges with HTML and flash. | still remember howciging it was
when | wrote my first web page or created my filesh animation.

| was never a student who topped the class. | ather the student who simplified concepts and éxgthit to her fellow
mates. | picked on to that and got in to voluntegivith IEEE during my undergrad.

| remembered several such events that | organgguake and contributed. Some of the events were dtefditional and
international scales, with India Council, WomerCiomputing and Women in Engineering. | had alsoivecka Richard E
Merwin scholarship from IEEE Computer society infiay contributions, which inspired me to keep going

The opportunities | got included meeting prodidike Vint Cerf, who co-designed the TCP/IP Protoddiere were a lot
of moments where | got inspired and wanted to stiarge learnings, so that inspire others.

Thus | understood that: an engineer is a person il@oproblem solver. He thinks, reflects and curgs to learn. The
opportunities | got and the events | did, have éelme establish an engineering mindset.

| believe humans grow and expand in groups anthsaugh events | practice collaborative learningelieve that learning
is an ongoing process that has no end. It is aan@atelement of life. | am happy that as a soferangineer | can act on
my beliefs, everyday.

About the author
Wafa Waheeda is a Software Engineer at Qatar Cangpahd Research Institute. She is a visual thinkes believes in

tackling problems with simplicity. She enjoys coltaative learning and heads multiple tech commesith Doha. More
about her ahttps://about.me/wafawaheeda
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Indian Women in Engineering - Past, Present, and Future

Dr. Shantha Mohan
Executive In Residence, Carnegie Mellon University
shantha@andrew.cmu.edu

In the early twentieth century, we considered esglimg education a man’s prerogative. Civil, eleatr and mechanical
engineering were the main engineering disciplin€sday, engineering encompasses many more spatiatiz such as
computer engineering, software engineering, andpcen science. Many women have successful careerhese
disciplines, and the future looks bright for Indimamen in engineering.

The 1940s - 1980s

Medicine was a suitable field of education for woneven as early as the late 1800s. Engineeringhaast he first Indian
woman to graduate with a medical degree was Anandishi in 1886. In India, the first set of engirieg women graduated
from the oldest engineering college in India, Cgdlef Engineering, Guindy (CEG), Chennai (1), ie #940s. Around the
same time, there was a woman who graduated frora Pngineering College. But we know little about. Mghen writing the
book “Roots and Wings: Inspiring Stories of Indian WomniarEngineering; | found the statistics of how many women
graduated each year from CEG fascinating.

# of Graduating Alumnae, College of Engineering, Guindy,
Chennai, India

1943 - 1971
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This represents the conditions that existed indfithose decades. Many of the very early Indiamen engineers
pursued engineering because their fathers or fasnilianted them to do so. Their fathers or brotivers engineers.
They encouraged the girl in the family, who waspgwod at mathematics and physical sciences, wsupugngineering.
A. Lalitha, the first woman electrical engineernndia once said, ‘Electrical engineering runs in lohyod. My father, four
brothers, nephew, and son-in-law are all electecgineers.’

The first set of women graduates of CEG: P.K. T8iegd.eelamma George, and A. Lalitha
Image courtesy of Syamala Chenulu

[EEE India Info. Vol. 14 No. 3 Jul - Sep 2019 Page 195




CEG produced some of India’s first women enginéetbeir fields. Rajyalakshmi was the first wonmargraduate with a
telecommunications degree in 1948 and worked inlAdlia Radio. The first woman to graduate with achanical
engineering degree in 1966 was Sarojini, who wetat her family business.

Because the women were rare in the field that wadgminantly men, they felt accepted, though carsid exceptions.
Many of them were happy to consider advancing &irthareers secondary to that of their husbandsver@l of them
worked in the Government of India establishmentsctvtreated them fairly by transferring them te #ame locations as
their husbands to keep them together. Some of tieemived help from the extended family structwvéh aunts and
uncles lending helping hands.

A few of these early pioneers did not marry andatiest their entire lives to their careers or sos@bices. One of the first
set of women who graduated from CEG, P.K. Threbsieame the first lady chief engineer in Kerala'$lRuWorks
Department (PWD).

Many early female engineers became technical edicatThere were several CEG graduates who becamspals of
women’s polytechnics and also principals of colege

At the tail end of the period in the book is ondha globally successful early engineers, Radhad®arami Basu. A
distinguished alumnus of CEG, she graduated in 1971

Radha Ramaswami Basu
Image courtesy of Radha Basu

Radha migrated to the USA, pioneered the entryexldtt-Packard into India in the then-nascent IT
industry, and became a serial entrepreneur. In ,2R@8ha and her husband Dipak launched Anudip
Foundation, a social enterprise in India, to adglrerdtical livelihood needs of youth and young
women of rural and urban India through informattenhnology. She is still going strong with her
social enterprise iMerit Technology in West Bengal.

Vinita Gupta
Image courtesy of Knowledge@Wharton

Vinita Gupta, a distinguished alumnus of the Unsityr of Roorkee, (now Indian Institute of
Technology Roorkee) 1973, also migrated to the &84 founded Digital Link Corp. (later named
Quick Eagle Networks) and took it public, the fihstlian-born American woman to do so. She sits on
the boards of Palo Alto Medical Foundation in Qatifia, the Indian School of Business, and the
Cancer Prevention Institute of California.

Jayathi Murthy
Image Courtesy of UCLA

Dr. Jayathi Murthy, a distinguished alumna from Kanpur graduated in 1979 with a degree in
mechanical engineering. Her Ph.D. is from the @rsity of Minnesota. She became the dean of the
UCLA Henry Samueli School of Engineering and ApgliScience in 2016. Her academic career
started at Arizona State University as an assigteofessor of mechanical and aerospace engineering,

. Other universities that shaped her career includm&gie Mellon, Purdue, and The University of
Texas at Austin. She also had industry experiencElwent, Inc. There, she led the developmentlgbri¢hms and
software.

The 1980s — Present

Padmasree Warrior
Image Courtesy of LinkedIn

Many Indian female engineers who graduated in tB80% have become globally successful.
Padmasree Warrior is one of them. She receiveachdbor's degree in chemical engineering from
the Indian Institute of Technology, Delhi, in 1988d a master's degree in chemical engineering
from Cornell University. She has won many awardshier leadership in the tech industry and has
held many board positions. She is on the boarddiofosoft, Spotify and Thorn (formerly DNA
Foundation).
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Kalpana Chawla
Image Courtesy of Wikipedia

Dr. Kalpana Chawla graduated in 1982 with a bachelb science degree in aeronautical
engineering from Punjab Engineering College, 11d#82. In 1988, she received a Ph.D. in
aerospace engineering from The University of Calordn 1989, she started working at NASA
Ames Research Center. In 1994, she became anastrmemdidate. Her first flight in space was in

4 November 1997 on the space shuttle Columbia, whbeewas a mission specialist. Her second
flight was in 2003, which failed on its way backearth and claimed her life.

N | T.V. Geetha
Image Courtesy of Guindy Times(2)

Dr. T.V. Geetha, who graduated from CEG in 198%hwétdegree in Electronics, did a Ph.D. in

Natural Language Processing from Anna Universityl892. She headed the computer science
department between 2003-2006, and also in 2013.b8bame the first woman dean of CEG. In

2000, she received the Young Scientist award frben Government of Tamil Nadu. She is the

author of many technical and research papers.

Janaki Akella
Image courtesy LinkedIn

Dr. Janaki Akella, also a 1982 graduate, is arisished alumnus of CEG. In December 2018, the
Board of Directors of Southern Company, a leadingrgy company, elected Dr. Janaki Akella as
an independent director, joining the Operationsyifnmental and Safety Committee and the
Business Security Subcommittee. Akella has served tlae Business Leader, Digital
Transformations at Google since 2017. She has e various positions with McKinsey &
Company. She earned a doctorate from Carnegie Méllversity and a bachelor's degree from
the College of Engineering in Guindy, India.

Vanitha Muthayya
Image Courtesy: India Today

Vanitha Muthayya, a 1985 graduate of CEG headed'hndecond lunar mission. A celebrated
electronics system engineer from the UR Rao Sgallentre, she is the author of many papers on
satellite communications. In 2006, she received bHest woman scientist award from the
Astronautical Society of India. The science jouriture has named her as one of the five
scientists to watch out for in 2019.

Sarita Adve
Image Courtesy: https://anitab.org/profiles/abiead-winners/sarita-adve/

Dr. Sarita Adve, who received a B.Tech. in Eleatriengineering from IIT-Bombay in 1987 and a
Ph.D. in Computer Science from the University ofs@dinsin-Madison in 1993 is a celebrated
innovator and educator. She has received manydsw@heAnita Borg Institute Women of Vision
award in innovatioris one of them. The Association for Computing Maehy (ACM) and IEEE
Computer Society (IEEE-CS) awarded her 2048 ACM/IEEE-CS Ken Kennedy Award" (&)

| research contributions and leadership in the deweémt of memory c0n5|stency models for C++
and Java, for service to numerous computer scierganizations, and for exceptional mentoring.”

Ponni K.
Image Courtesy: IIM Bangalore

Ponni K is Head, Global R&D Laboratories, Nokia, nBaluru. She received th&/omen
Technologist of the Year 2019 awdrdm IEEE/Smart-Tech. She received her B.E. in cai@p
science from Regional Engineering College, Trigimgw National Institute of Technology) and
an MBA from 1IM-B.
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Bhargavi Sunkara
Image Courtesy: LinkedIn

Bhargavi Sunkara graduated from Jawaharlal NehrhiA@ogical University in 1990 with a
bachelor’'s degree in electrical and electronic eegiing and a masters’ degree in electrical
engineering from Texas A&M University in 1994. Stlayed various technology roles at Satyam
Computers, MCI, Texas Instruments, Microsoft, anahetican Express, before becoming the
Head of Corporate Technology at BNY Mellon, Pune.

The percentage of Indian women engineers rose dicaitg, from almost 5% in 1980 to close to 30%®id11.(4) We can
attribute this growth in women to the growth in tbemputer industry and the introduction of degraesomputer
engineering, software engineering, and computensei.

While the number of Indian women engineering graéeidas grown substantially over the past dechdepercentage of
women in the workforce has been declining on thelat{5), and those working in the technical fiefdbow a similar
trend. Almost 40% of women engineering graduatesuaemployed.(6)

The article “A Look at Gender Bias in India” (7alks about a study which revealed both men and wde bias at work
in some form or the other, leading to attritiondiis Shops and Establishments Act (SEA) was oasare women felt
discriminated against. The article concluded:

“When employees face bias in the workplace, they ess engaged, are less satisfied with their, jabd are
more likely to consider leaving. We see these angnfrom both men and women engineers in India.”

The Future

It is a wonderful time for women to enter the warkfe. The corporate environment has become moreeawvfathe
importance of cultivating women leaders. Corporatitures are becoming more inclusive, more divefeglay’s women
have grown up in a world that values gender equaliich more than in the past. They are much mordident,
independent, knowledgeable, and driven to succ@égre are amenities available to working womerayod someone to
do your shopping, services to deliver food, etthat make it possible for women to spend more timeheir careers if
they choose to. There is also more support for wpritem women, understanding that together we gihéu.

Organizations such as SWE Indiattps://india.swe.or, IEEE Women in Engineeringhitp://wie.ieeer10.o1y, and
AnitaB.org India fittps://anitab.org/about-us/india/ have all been very active in promoting thetipgration of women in
engineering. SWE'SVE Localinitiative promotes meeting locally and learniragislly. TheWE Local India which has
plans to meet on April 2020 in Bengaluru (8) aimstipport programs for women in all stages of thirking life from
graduation through retirement.

Women engineers who are graduating today will becémmorrow’s engineering leaders. The advanceedhnologies
such as the Internet of Things (loT), autonomousickes, robotics, artificial intelligence and mawhilearning, space
exploration, and genetic engineering are all fighdg can benefit from the women engineers’ mindset

My goal in writing Roots and Wingshttps://notionpress.com/read/roots-and-wingss to put engineering women role
models in front of girls to highlight that womenutd do anything they choose to. | continue to shasgcsuch women on
social media such afRoots and Wingshttps://www.facebook.com/IndianWomenEngineeaatl Women of College of
Engineering, Guindyhttps://www.facebook.com/cegwomen/

The introductory chapter dRoots and Wingsalled out the need for participation by womerttie workforce and the
support they need from society:

“Critical events in women'’s lives such as marrialgabies, and elder care interrupt women’s work Ieming
back to work from that interruption in these fabtnging days is hard. It is important that womenesh their
skills and re-enter the world of work if they aperhake progress. The life stories in this book skaamples of
women resourcefully navigating such interruptioasfind their way back to successful careers. Womeed
support from their parents, their spouses, anddtlogety, to achieve their dreams and goals—theatipipat men
already get! The enterprises that employ them hésge a role to play in supporting the career andtimg the
special needs of their female workers. The insting reap the benefits of women’s contributions nviigey
support them during the practically unavoidableakgein their careers and their re-entry into thekfayce after
such breaks. The larger society also stands to/éhgcontributions facilitated by such support (9)
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In the 2011 Knowledge@Wharton interview, Vinita @pl0) says:

“Change has come, but it is not sufficient. We soenehow too slow to change our habits. | feel passely

about this. The way we raise our girls is differfnin the way we raise our boys. And it is different because
we want it to be different. It's different because are victims of our habits. Internally we knove thoy has to
launch himself in the world, he has to be able &kena living and so on. We have a different wafeiping this

boy grow up within the four walls of the home. Bug¢ don't give a girl much freedom in thinking.”

This may still be true in 2019.

Here is what | tell my female engineer mentees aigojust starting out in their careers:
“When it comes to your career, ignore gender. Brided. Have great aspirations and work towards .tfarn
excellence and quality into everything you do. Stagrent on technical advances. Build yourselfrargf support
network - starting with your spouse if you have .of@d a mentor, a sponsor, who can help you gtat.your
work speak for itself, but make sure you are vésibl the organization and your chosen industry. Dioa afraid

to beat your drum. (11)”

Indian women are highly flexible, couragepdstermined, ambitious, and have a high degresmaftional intelligence. In
tomorrow’s globally connected world, they will gery far.
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TECH BITS

Software Testing Metric

Software Testing Metric is be defined as a quantganeasure that helps to estimate the progressity; and health of a
software testing effort. Metric defines in quantitative terms the degree to whisiistem, system component, or
processpossesses a given attribute. The ideal exampladerstand metrics would be a weekly mileage @fracompared
to its ideal mileage recommended by the manufactliest Metrics Glossary

* Rework Effort Ratio = (Actual rework efforts speéntthat phase/ total actual efforts spent in thetge) X 100
* Requirement Creep = ( Total number of requiremadtied/No of initial requirements)X100

e Schedule Variance = ( Actual efforts — estimatddref ) / Estimated Efforts) X 100

e Cost of finding a defect in testing = ( Total effespent on testing/ defects found in testing)

e Schedule slippage = (Actual end date — Estimatecdate) / (Planned End Date — Planned Start Dat)X
e Passed Test Cases Percentage = (Number of Passsflotal number of tests executed) X 100

e Failed Test Cases Percentage = (Number of Failstb/M®tal number of tests executed) X 100

* Blocked Test Cases Percentage = (Number of BloTksts/Total number of tests executed) X 100

» Fixed Defects Percentage = (Defects Fixed/DefeefsoRed) X 100

» Accepted Defects Percentage = (Defects Accept&thlid by Dev Team /Total Defects Reported) X 100
o Defects Deferred Percentage = (Defects deferreflifare releases /Total Defects Reported) X 100

» Critical Defects Percentage = (Critical Defectotal Defects Reported) X 100

e Average time for a development team to repair defeqTotal time taken for bugfixes/Number of bugs)

e Number of tests run per time period = Number afstesn/Total time

e Test design efficiency = Number of tests desigfedal time

e Testreview efficiency = Number of tests review&dtal time

e Bug find rote or Number of defects per test hodrotal number of defects/Total number of test hours

Facebook picks 6 winners for Ethics in Al researchawards in India: The project winners, focused on areas like
governance, cultural diversity and operationalisitigics. The project was open to academic ingtihgti think tanks, and
research organisations registered and operatioriatlia

Bengaluru to get Al-powered traffic signals soon: The new Al cameras will study traffic density adecide on how
much time to allow vehicles to clear a signal. Twil save fuel and give motorists an idea abouemwthey can move.

Google announces a new Al research centre in Indid@he centre coming up in Bengaluru, called Googisdrch India,
will focus on advancing fundamental computer saéenesearch to develop tools that can be used bgrgment and
private entities.

Google Assistant to be available to Indian users Wiout internet: The virtual assistant will be available to peoplkeow
have the most basic cellphone with no internet scg 24x7 telephone line on Vodafone-ldea telenetworks could be
dialled by users to access the service. Googldéas testing the line in Lucknow and Kanpur.

[IT-Kharagpur students build home-rechargeable three-wheeler: A team of students and professors at the Indian
Institute of Technology, Kharagpur has built 'Deshdn electric three-wheeler that can be chargbdrae

Maharashtra govt ties-up with Zipline to deliver medicines via drones:The initiative will be supported through a grant
from Serum Institute of India (SlII). Zipline willséablish about 10 distribution centres across Madtdra in phases.

MIT researchers create programmable ink to let objets change colours when exposed to ultraviolet ligh The
'PhotoChromeleon Ink' uses a mix of photochromiesdthat can be sprayed or painted onto the sudhemy object,
including shoes, cars or phone cases. The proeesske about 15-40 minutes, depending on the stfape object.

40% Indians fear losing job for controversial postsonline: According to a study by McAfee, 40% Indians agréeat
they could be fired from their jobs for controvatsiontent on their social media. About 25.3% atédithey did not know
how to change the privacy settings of their prsfilehile over half the users in India have at least dormant social
media account.

YouTube awards 8 Indian creators with YouTube Learring Fund: The fund is supporting the development of high-
quality learning content, covering topics like BEefjllanguage training, environmental science, jgalitscience, among
others.
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Guidelines for IEEE India Council Newsletter Article

As all the matter submitted will be reformattedoas the newsletter style, please follow the gengualelines given below
for the articles sent to IEEE India Council Newset

Article content: The article should be of genergéiest, explaining the concepts, using casesorilldistrating
technological trends or other areas of intereHEEE.

Length: 4-5 pages in about 2500 words. (Longeclagiwill also be considered)

Format: Word document file format; Single Colurfingle Spacing & Text in Times Roman Font in si@ePbint;
Headings & Sub Headings can be differentiated wittyecolour / making them bold / italics as casey e

Please keep minimum level of indentations whilerfaiting the article. Aligning to the left is alway®lcome.
Pictures: Apart from embedding the pictures in appate places in the article, please send thenmdagdual jpg files.

References: To be numbered and listed at the et @lrticle (please do not include in individuabps). Pl. do not use
formatting with superscript for references. Include ref no in parentheses and provide detaikhatend of the article.

Please do not embed the URLs of websites intoetkte Provide explicit URL
Please provide also, the following for inclusiorthie article.

1. Full affiliation of the author(s) with email id.

2. Author(s) picture in jpg.

3. Author(s) profile (as running text), a brief oneaibpout 150-200 words.

Please note the articles provided are re-formattestlit the newsletter page layout.

The articles are not peer reviewed and also natkattefor plagiarism from our end. Hence pleasefyéhie facts
presented and check your material for potential/dghts and intellectual property rights violation.

To get an idea of the type/nature of articles duedpiblishing style, please refer to past issu¢seohewsletter at
http://sites.ieee.org/india council/newslettéfurther clarifications are required, pl. coatahe editor HR Mohan by email
atieee.icnl@gmail.com

Please send the article along with the requesfedoynemail toieee.icnl@gmail.conthe exclusive email id for the
newsletter.

The Editor’s decision is final
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