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Abstract: 10T is an important step toward the upcoming smart era. Most devices are connected to the internet nowadays. 10T
utilizes sensor data and interconnected devices to transfer information from one device to another using internet. 10T has
numerous advantages, but the only disadvantage is that all the connected devices should remain on all the time to give and sense
the data, which over in all consumes lots of energy. Green 10T is the concept of saving energy using various green computing
techniques in 10T devices. This paper introduces GreenloT and explains the need for Green 10T in today's era.

Moreover, this paper focuses on various applications of the Green 10T. It also provides the research path in the area of GreenloT.
Finally, it discusses open challenges in Green loT with some of the solutions and research trends in the area.

IndexTerms — 10T, Green loT, Smart devices, 10T Devices, Green computing

1. INTRODUCTION

The increase in energy usage and the integration of renewable energy are crucial accelerators of climate change and
sustainable energy transitions. The Internet of Things (IoT) is expanding rapidly. Its network architecture consists of numerous
appliances, such as actuators, sensors, and other hardware embedded devices with the system's information-sensing, -processing,
and -communication capabilities. The Internet of Things (IoT), a recent innovation, has many uses in the energy industry,
specifically in supply and demand, transmission, and distribution. Many types of sensor equipment, processing components, and
communication technologies exist. Engaged in any loT-based system's development and advancement. A large number of sensor
devices, The creation and evolution of processing components, communication technologies, and any ‘system based on loT, even if
batteries power sensors and processing equipment, must be efficient in delivering top-notch results. Additionally, the
communication tools must ensure a constant connection for the system's QoS. Resulting of 10T, tangible items are individuals who
are effortlessly included in the information network, where they may participate actively.

So permitting the exchange of information about their state, surrounding procedures for the environment, production, and
maintenance with scheduling, among many other things. However, Numerous serious problems still need to be resolved, and social
and technological snags must be untangled before the Internet of Things becomes a reality. The major challenges are to complete
everything. For example, the ability of linked devices to communicate with one another and how to provide them with a high level
of smarts by permitting their conduct and maintaining the consumers' privacy and security in a [2]. Their data, In contrast, increased
ecological knowledge, higher energy prices, and shifting consumer preferences toward greener goods have empowered consumers
to make spontaneous decisions to buy environmentally friendly items. Their key focuses are energy-efficient production methods
and green manufacturing [3].

Thus, An 10T system's focus on energy efficiency is more necessary. This document includes the current researchers' efforts to
create energy-efficient 1oT systems that will be functioning and discussed. Effective energy use is one of the Sustainable
Development Goals [4] set forth by the United Nations. Important factors for long-term and permanent growth. Additionally,
energy efficiency benefits the economy by lowering the cost of fuel supply and its imports, energy production, and decreasing
emissions from the energy industry. A convincing study of the real-time data demonstrates improved energy management and
increased energy efficiency. Therefore, the importance of data in the energy supply chain is crucial [5].

0T is an energy-efficient technology (hardware or software). It refers to energy-efficient inter-connected equipment to
minimize CO2 emissions, greenhouse gas emissions, and power usage by utilizing energy-efficient computing devices,
communication protocols, and network-based designs that make the best use of available bandwidth. Therefore, sustainable design
and energy-efficient construction are crucial components of the Green loT.
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2.Need for Green loT

The Internet of Things (IoT) is a system of cameras, smart sensors, databases, software, and data centers that form a
worldwide, invisible, immersive, ambient communication network and computing environment [7]. The research in [8] used the
0T concept to create a green campus environment emphasizing energy conservation. Despite earlier support provided in [8], 10T
components were covered in [2], where the benefits of 10T architecture addressing how to establish a green campus by making
smart and effective use of sophisticated technologies were outlined.

The authors of [9] proposed distinct technical paths that may be taken to realize a future green internet. Green loT focuses on
lowering 10T energy consumption, which is essential for realizing the smart world's vision of sustainability through intelligent
things while also lowering CO2 emissions. Designing and using components make up green loT. As seen in Fig. 1, creating
computer hardware, communication protocols, energy efficiency, and networking topologies are examples of "green 10T design
aspects"” [15]. Utilizing 10T technology helps cut down on or completely stop CO2 emissions and other types of pollution and
energy waste. Despite earlier data, Uddin et al. [10] offered methods for improving energy efficiency and lowering CO2 to enable
green information technology.
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Figure 1: GreenloT [18]

M2M devices include sensors and connectivity add-ons so they can talk to one another and detect their surroundings. Sensors
will use much electricity to do the duties. In networking, green 10T seeks to locate the relay and determine the number of nodes
satisfying energy-saving and financial limitations. Therefore, green 10T is essential for implementing 10T to reduce energy
consumption [5, CO2 emission [11], pollution [12-14], take advantage of environmental conservation [15], and minimize power
consumption [11].

The green 10T is described by Murugesan as "the study and practice of designing, using, manufacturing, and disposing of
servers, computers, and associated subsystems such as monitors, storage devices, printers, and communication network systems
efficiently and effectively with little to no impact on the environment™ in [16]. Three principles comprise the green internet of
things: design technologies, leverage technologies, and enabling technologies. Communication protocols, network topologies,
device energy efficiency, and interconnections are all examples of design technology.

Technologies that "leverage™ resources reduce carbon emissions and improve energy efficiency. Green loT is made more
effective by reducing energy use, toxic emissions, resource consumption, and pollution due to green ICT technology.

As a result, Green loT helps dramatically cut costs, minimize the impact of technology on the environment and human health,
and preserve natural resources. Furthermore, green 1oT emphasizes environmentally friendly production, use, design, and disposal
[28].

. Green use: utilizing computers and other information systems ecologically friendly while reducing their power usage.
2. Green Disposal: Recycling unused computers and other electronic equipment is another environmentally friendly disposal
method.
3. Green Design: Energy-efficient computer, server, and cooling equipment design is another aspect of green design.
4. Green Manufacturing: Environmentally friendly manufacturing: creating computers, electronic components, and other
related subsystems with little to no environmental effect.

Reducing energy utilization and using renewable energy sources instead of traditional mechanisms is the main motive of
Greenlot technologies.
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3. Applications

10T can be used in various fields, as shown in Fig. 2. GreenloT is not a new technology to 10T, but in simple words, it can be
said as Greenlot is nothing but 10T with energy-saving. Thus, it is useful in all areas where 10T can be used.

Figure 2: Green loT Applications

a. Smart Home

A green loT offers remote control of a home's electrical, heating, and lighting fixtures from a computer or smartphone[18].
Voice instructions are recognized by the main mobile/computer in the building. The T.V., computer, and phone combined into one
gadget recognize residents for tailored actions, replies, etc. To lessen the influence on the environment, it is important to address the
life cycle of green loT, which includes green design, green use, manufacture, and lastly, green disposal/recycling. Aslam et al.
approach is for desired QoS provisioning of heterogeneous 10T devices in a smart home using channels allotted optimization.

o—
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Figure 3: Smart Home[20]

b. Smart Agriculture
It will allow the farmers to overcome the significant obstacles they encounter. The sector should consider methods
and tactics for managing costs, limiting land availability, and coping with water shortages.
Agriculture-related green IoT applications were presented by Nandyala et al. [22]. The integration of 1oT CC and IoT in
agricultural and healthcare systems. To develop an intelligent and sustainable agricultural and food sector, green 10T and
green nanotechnology appear to be the appropriate alternatives.
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c. Green Wireless Network
The wireless sensor networks were created due to combining wireless communication with sensing (WSNs). WSNs

stand for the essential technology that has enabled the growth of 10T. A sensor comprises many tiny, inexpensive, low-
power electronic components [23]. The elements of WSN are represented by a sizable number of sensors and base station
(B.S.) nodes. The sensing, power, processing, and communication units that make up each sensor node were covered in
[23]. Worldwide, sensor nodes are being set up to monitor regional and global environmental variables, including weather,
pollution, agricultural fields, and others. Each sensor node gathers information from the environment, including
temperature, sound, pressure, humidity, acceleration, etc. Using ad-hoc technology, sensors may also talk with one another
and provide the necessary sensory data to B.S. However, they are not authoritative and have the minimal processing
power, limited power, and little storage. A BS node is.

WSNs are used for a variety of purposes, including fire detection [24-26], object tracking [27-29], environmental
monitoring [23, 30-32], adapting to changing military requirements [33], control machine health monitoring, and
monitoring industrial processes [23].

Studies in [34, 35], which call for putting sensor nodes in sleep mode for most of their lives to save energy, as
illustrated in Fig. 5, support the notion of a green loT. When data transfer happens at extremely low power, WSNs can
justifiably be implemented. Sensors may use environmental energy such as sunlight, vibrations, kinetic energy,
temperature differences, etc. [36-38]. WSN technology must transmit a signal effectively and provide sleep mode for
reduced power consumption. Furthermore, sensor microprocessors must be able to wake and sleep intelligently. Decreased
energy consumption and increased processing speed are thus key trends for WSNs. Green WSN is a developing idea
aiming to reduce CO2 emissions while maximizing lifetime and throughput performance. WSN's objective is to provide
enough energy to lengthen system lifespan and contribute to reliable/robust transmission without lowering the overall
Quality of Service (QoS).

Sensor Mode

' ! ' '

Transimiation Reception dle Sleep

LA |

Figure 5: Sensor modes for Green 10T[18]

For greenhouse control and environmental monitoring, sensors are required [23]. They should also utilize distributed
clustering to create a dispersed form that spreads across the greenhouse.
The strategies listed below might be used concerning green WSN technology [5, 22]:
i. Energy depletion (e.g., wireless charging, utilizing energy harvesting mechanisms that generate power from the
environment such as the sun, vibrations, kinetic energy, temperature, etc.);
ii. Optimization of radio techniques (e.g., transmission power control, cooperative communication, modulation
optimization, energy efficiency);
iii. Sensor nodes should only operate when necessary and spend the rest of their lives in a sleep mode.
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d. Green Machine to Machine

Machines may now acquire data without human interaction as they have become smarter recently. The driving force
behind the development of many modern technologies is artificial intelligence (A.l.).

To be deployed on a sizable scale, the concept of intelligent machine-to-machine (M2M) communication must be
successful. For example, machines need to have robust connections to improve the efficiency of modern computers and
other electronic devices for storing enormous amounts of data. They may then share the capacity with all nearby machines
and physical machines. As depicted in Fig. 6, machine represents an item with electrical, mechanical, environmental, and
electronic qualities. The advantage of such built-in radio communication is that it ensures M2M communication is secure
and effective for various jobs, including domestic, commercial, industrial, and medical procedures.

Massive M2M nodes intelligently communicate, gather data, and transfer it to B.S. to deploy the M2M domain for
wireless network relays. The BS further supports numerous M2M network-based applications in the application area.
Massive machines are used inM2M communications and green M2M. They will use great energy, especially in the M2M
industry. The M2M communication challenges for the home energy management system (HEMS) in the smart grid were
examined by Niyato et al. [85]. Several of the methods listed below might be utilized to improve energy efficiency for
"greening" loT [5]:

Utilize energy harvesting and the advantages of C.R. a) Intelligently adjust power transmission. b) Efficient

communication protocols needed for distributing the computing techniques. c) Activity scheduling of nodes used to switch
some nodes to sleeping mode while maintaining the functionality of the original network.
C.R. is a network that combines computer networks and electrical networks. It provides intelligent M2M communication
between remote-area power management and CR-based smart meters (RAPM). The purpose of the combination is to
increase spectrum efficiency and power efficiency of energy distribution. Additionally, Vo et al. [18] described the
converged network architecture based on the adaptable, high-capacity, and economically viable 4G LTE technology,
which facilitates end-to-end (E2E) M2M communication.

Figure 6: M2M Computing [18]

e. Green Cloud Computing
A new virtualization technology utilized on the internet is cloud computing (CC). As conceptually depicted in Fig. 6,
it offers limitless computing, limitless storage, and service delivery over the internet. 10T is prevalent, but CC technology
is pervasive. Much study is being done on the combination of CC and IoT. The main goal of GCC is to encourage the
adoption of environmentally friendly, easily recyclable, and reusable items. Shuja et al. [39] . 's concept of green
computing with an emphasis on information technology was thus given. Baccarelli et al. [40] 's discussion of the green
economic 10T solution over the already-existing Fog-supported network is also noteworthy.

GCC's main goals are minimizing hazardous materials, increasing energy usage, and improving the capacity to recycle

garbage and outdated items. Additionally, it may be accomplished through resource allocation for product life, paperless
virtualization, and effective power management. Research in [28], which discusses the different solutions for GCC by
lowering energy use, lends credence to the theory.
The integration of CC with 10T in various applications, architectures, protocols, service models, database technologies,
sensors, and algorithms was also thoroughly covered by Sivakumar et al. in their article [41]. Additionally, Zhu et al. [42]
suggested a multi-method data delivery (MMDD) for users of the sensor cloud (S.C.) that resulted in cheaper costs and
shorter delivery times. Delivery from WSN to S.C. users, delivery from the cloud to S.C. users, delivery from a cloudlet to
S.C. users, and delivery from S.C. users to S.C. users are all included in MMDD.
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Figure 7: Green Cloud Computing [18]

Despite the various studies [5, 22,43] that were conducted on the GCC and offered prospective remedies, it can be
shown that:
i. Using hardware and software to reduce energy usage
ii. Power-saving methods utilize virtual machine (V.M.) technology (such as V.M. consolidation, V.M. migration, V.M.
placement, and V.M. allocation).
iii. A variety of methods for allocating resources that are energy-efficient and associated work.
iv. Effective techniques for energy-saving devices.
v. Green's CC methods are built on technology enabling clouds, such as networks and communications.

f. Green Data Center

A novel technology for data management, storage, and distribution is the "Green Data Center" (GDC). Users,
systems, objects, and other entities produce this data. Data centers (D.C.s), which handle various data and applications, have
substantial running costs and CO2 footprints. Additionally, big data production is increasing due to numerous everyday items
like mobile devices, sensors, etc. Therefore, the need for D.C.'s energy efficiency is growing as we move toward a smarter
world [5]. Numerous strategies were explored by authors in [43] that improved the energy consumption and prediction for
D.C.s and their constituent parts. Authors in [44] offered an optimization approach for the energy efficiency of D.C. with
supporting QoS in addition to the work of [43] authors. Additionally, GDCs offer data services for 5G's MANETs (mobile ad
hoc networks helped by the cloud) [44].

Boost Airflow Consolidate Improve Processing Improve Air Find Optimal
Servers Technology Management Environment

Enough electricity Emissions from
to avoid upto R more than

1 ton of carbon 100 gallons
emissions of gasolin

Figure 8: Green Data Center [19]
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The following features [5, 82, 96] can be leveraged to increase energy efficiency for GDC in many different ways. Use
renewable or environmentally friendly energy sources,

i. employ dynamic power management techniques that are effective, and
ii. develop technology that is more energy-efficient.
iii. Create innovative energy-efficient data center structures to conserve power;
iv. Create accurate and efficient data center power models, and
v. Utilize communication and computing approaches.

4. FUTURE TRENDS

In the future, people will have access to eco-friendly solutions thanks to the combination of sensors, 10T devices, connections
to 5G networks, and the powerful backing of A.l. This suggests green forms of communication between people and things as well
as between themselves as 10T devices will also be context-aware and capable of performing certain tasks. Green loT will become
more well-known soon due to the increase in power throughout the design phase. In reality, 10T devices should employ routing
algorithms while exchanging data and go to sleep when not in use.

Green 10T now focuses on various technologies, including green RFID, green wireless sensor networks, green cloud computing,
machine to machine, green data centers, green communication, and green internet technologies. If the following advancements are
accomplished, the potential of Green IoT will increase in the future:

i loT application items require more study to cut CO2 emissions and conserve energy.

ii. To create an energy balance and enable green communication between loT devices, R.F. energy collecting should be
considered.

iii. Identifying new and alternative resources while reducing energy consumption in IoT devices is important to make them
appealing.

iv. Finding the best technological approaches to improve bandwidth, throughput, and delay QoS metrics can efficiently and
effectively help to green loT.

V. M2M connectivity is essential for cutting energy use. The ability to automate operations requires smarter machines.
Machine automation delays must be kept to a minimum when immediate action is required.

vi. Data from the sensor might be transferred to a mobile cloud, which would be more advantageous. Sensor-cloud combines
the mobile cloud and wireless sensor network. This cutting-edge technology has enormous potential for green loT. For
example, a green social network as a service might look at the system, service, WSN, and cloud administration's energy

efficiency (SNaaS).

vii. Future 10T gadgets will be replaced by UAVS, reducing power usage and environmental pollution. In addition, UAVs can
potentially be low-cost, highly effective green loT devices.

viii. Major technological considerations for loT devices and apps include end users' simplicity of installation and usage.

iX. Sensors usually experience quick energy depletion due to their continual detection. To conserve energy, a variety of
sleeping techniques have been proposed in the past. However, future study is necessary since extrapolating from historical
data can result in considerable energy savings for sensors.

X. Data and awareness of context. Unnecessarily using many resources is the process of gathering data without context.
Preserving data context so that further data processing makes more sense will be one of the hardest tasks in the future.

Xi. Uninterrupted connection. There will be greater competition for available spectrum as well as increased interference as the
market for 10T devices expands. Future 10T devices need to be able to operate in interference-prone environments and
effectively decrease interference from other 10T devices while using little resources.

5. Conclusion

The 21st century's rapid technological advancement has several benefits. However, as technology advances, there is a higher
need for energy, which is also intentional e-waste and harmful emissions. This paper reviews and categorizes the most important
technologies for a green loT and maintaining a smart and eco-friendly society and environment. The ICT revolution has
significantly improved the ability to green IoT, including WSN, M2M, communication networks, the Internet, DC, and CC. Based
on the key ICT technologies, the things around us will develop the intelligence to carry out specific tasks independently. It will
result in a new kind of green communication between people and things and among things, where bandwidth utilization is
optimized, hazardous emissions are minimized, and power consumption is optimally reduced. Future recommendations for
successfully and efficiently enhancing green loT-based applications have been mentioned. This study offers insightful information
for anybody looking to learn about green loT research.

REFERENCES

1. Nitasha Khan et al. 2021 J. Phys.: Conf. Ser. 1874 012012

2. Process engineering.[Online].Available: http://processengineering.theengineer.co.uk/home/contr ol-and-
instrumentation/brave-new-world-industry-40- technology/1017121.article

3. Bandyopadhyay, D.; Sen, J. Internet of Things: Applications and Challenges in Technology and Standardization. Wirel.
Pers. Commun. 2011, 58, 49-69.

4. M. Garetti and M. Taisch, "Sustainable manufacturing: trends and research challenges,” Prod. Plan. Control Manag. Oper.,
no. 23:2-3, pp. 83-104, 2012.

IJCRT2206048 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ i864


http://www.ijcrt.org/

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 5 May 2022 | ISSN: 2320-2882

5.

11.
12.

13.
14.
15.
16.

17.
18.

19.

20.
21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

International, "The State of Affairs in Internet of Things Research”, Issuu, 2020. [Online]. Available:
https://issuu.com/academic-conferences.org/docs/ejise-volumel5-issue3- article829/14.

Tan, Y.Q AS.; Ng, Y.T.; Low, J.S.C. Internet-of-things enabled real-time monitoring of energy efficiency on
manufacturing shop floors. Procedia CIRP 2017, 61, 376-381.

V. Doknié, Internet of Things Greenhouse Monitoring and Automation System, (2014).

H.-1. Wang, Constructing the green campus within the internet of things architecture, International Journal of Distributed
Sensor Networks, 10 (2014) 804627.

R. Prasad, S. Ohmori, D. Simunic, Towards green ICT, River Publishers, 2010.

. M. Uddin, A.A. Rahman, Energy efficiency and low carbon enabler green I.T. framework for data centers considering

green metrics, Renewable and Sustainable Energy Reviews, 16 (2012) 4078-4094.

F.K. Shaikh, S. Zeadally, E. Exposito, Enabling technologies for green internet of things, IEEE Systems Journal, (2015).
C. Xiaojun, L. Xianpeng, X. Peng, IOT-based air pollution monitoring and forecasting system, Computer and
Computational Sciences (ICCCS), 2015 International Conference on, IEEE, 2015, pp. 257-260.

S. Manna, S.S. Bhunia, N. Mukherjee, Vehicular pollution monitoring using 10T, Recent Advances and Innovations in
Engineering (ICRAIE), 2014, IEEE, 2014, pp. 1-5.

T. Zupancic, C. Westmacott, M. Bulthuis, The impact of green space on heat and air pollution in urban communities: A
metanarrative systematic review, David Suzuki Foundation VVancouver, BC, Canada, 2015.

D. Bandyopadhyay, J. Sen, Internet of things: Applications and challenges in technology and standardization, Wireless
Personal Communications, 58 (2011) 49-69.

S. Murugesan, G. Gangadharan, Harnessing green I.T.: Principles and practices, Wiley Publishing, 2012.

Y. Amin, Printable green RFID antennas for embedded sensors, KTH Royal Institute of Technology, 2013

S. H. Alsamhil, Ou Ma2 , M. Samar Ansari3 , Qingliang Meng4, Greening Internet of Things for Smart Everythings with
A GreenEnvironment Life: A Survey and Future Prospects, https://arxiv.org/ftp/arxiv/papers/1805/1805.00844.pdf
https://go4hosting.in/blog/carbon-neutral-hosting-get-the-best-colocation-services-while-reducing-
carbon-footprint/

http://www.cctvinstallationthrissur.com/IOT-Smart-Home-Solution-thrissur.html
https://oracle-patches.com/en/cloud-net/green-iot-towards-environmentally-friendly,-sustainable-

and-revolutionized-farming

C.S. Nandyala, H.-K. Kim, Green loT Agriculture and HealthcareApplication (GAHA), International Journal of Smart
Home, 10 (2016) 289-300.

B. Prabhu, N. Balakumar, A.J. Antony, Wireless Sensor Network Based Smart Environment Applications, (2017).

J. Lloret, M. Garcia, D. Bri, S. Sendra, A wireless sensor network deployment for rural and forest fire detection and
verification, sensors, 9 (2009) 8722-8747.

Y.E. Aslan, 1. Korpeoglu, O. Ulusoy, A framework for use of wireless sensor networks in forest fire detection and
monitoring, Computers, Environment and Urban Systems, 36 (2012) 614-625.

S. Bhattacharjee, P. Roy, S. Ghosh, S. Misra, M.S. Obaidat, Wireless sensor network-based fire detection, alarming,
monitoring and prevention system for Bord-and-Pillar coal mines, Journal of Systems and Software, 85 (2012) 571-581.
F. Viani, L. Lizzi, P. Rocca, M. Benedetti, M. Donelli, A. Massa, Object tracking through RSSI measurements in wireless
sensor networks, Electronics Letters, 44 (2008) 653-654.

G. Han, J. Shen, L. Liu, A. Qian, L. Shu, TGM-COT: energyefficient continuous object tracking scheme with two-layer
grid model in wireless sensor networks, Personal and Ubiquitous Computing, 20 (2016) 349-359.

G. Han, J. Shen, L. Liu, L. Shu, BRTCO: a novel boundary recognition and tracking algorithm for continuous objects in
wireless sensor networks, IEEE Systems Journal, (2017).

F. Wu, C. Rudiger, M.R. Yuce, Real-Time Performance of a Self-Powered Environmental 10T Sensor Network System,
Sensors, 17 (2017) 282.

C.A. Trasvifia-Moreno, R. Blasco, A. Marco, R. Casas, A. Trasvifia-Castro, Unmanned aerial vehicle based wireless
sensor network for marine-coastal environment monitoring, Sensors, 17 (2017) 460.

D. Sharma, Low Cost Experimental set up for Real Time Temperature, Humidity Monitoring through WSN, International
Journal of Engineering Science, 4340 (2017).

B. Prabhu, N. Balakumar, A.J. Antony, Evolving Constraints in Military Applications Using Wireless Sensor Networks,
(2017).

W. Ye, J. Heidemann, D. Estrin, An energy-efficient MAC protocol for wireless sensor networks, INFOCOM 2002.
Twenty-first annual joint conference of the IEEE computer and communications societies. Proceedings. IEEE, IEEE,
2002, pp. 1567-1576.

G. Anastasi, M.D. Francesco, M. Conti, A. Passarella, How to prolong the lifetime of WSNs, Mobile Ad Hoc and
Personal Communication., CRC Press, Boca Raton, FL, USA, 2013.

J. Azevedo, F. Santos, Energy harvesting from wind and water for autonomous wireless sensor nodes, IET Circuits,
Devices & Systems, 6 (2012) 413-420.

Z.A. Eu, H.-P. Tan, W.K. Seah, Design and performance analysis of MAC schemes for wireless sensor networks powered
by ambient energy harvesting, Ad Hoc Networks, 9 (2011) 300-323.

F.K. Shaikh, S. Zeadally, Energy harvesting in wireless sensor networks: A comprehensive review, Renewable and
Sustainable Energy Reviews, 55 (2016) 1041-1054.

J. Shuja, R.W. Ahmad, A. Gani, A.l.A. Ahmed, A. Siddiga, K. Nisar, S.U. Khan, A.Y. Zomaya, Greening emerging |.T.
technologies: techniques and practices, Journal of Internet Services and Applications, 8 (2017) 9.

E. Baccarelli, P.G.V. Naranjo, M. Scarpiniti, M. Shojafar, J.H. Abawajy, Fog of Everything: Energy-efficient Networked
Computing Architectures, Research Challenges, and a Case Study, IEEE Access, (2017).

IJCRT2206048 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ i865


http://www.ijcrt.org/
https://arxiv.org/ftp/arxiv/papers/1805/1805.00844.pdf
https://go4hosting.in/blog/carbon-neutral-hosting-get-the-best-colocation-services-while-reducing-carbon-footprint/
https://go4hosting.in/blog/carbon-neutral-hosting-get-the-best-colocation-services-while-reducing-carbon-footprint/
http://www.cctvinstallationthrissur.com/IOT-Smart-Home-Solution-thrissur.html
https://oracle-patches.com/en/cloud-net/green-iot-towards-environmentally-friendly,-sustainable-and-revolutionized-farming
https://oracle-patches.com/en/cloud-net/green-iot-towards-environmentally-friendly,-sustainable-and-revolutionized-farming

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 5 May 2022 | ISSN: 2320-2882

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

S. Sivakumar, V. Anuratha, S. Gunasekaran, Survey on Integration of Cloud Computing and Internet of Things Using
Application Perspective, International Journal of Emerging Research in Management &Technology, 6 (2017) 101-108.
C. Zhu, V.C. Leung, K. Wang, L.T. Yang, Y. Zhang, MultiMethod Data Delivery for Green Sensor-Cloud, IEEE
Communications Magazine, 55 (2017) 176-182.

M. Dayarathna, Y. Wen, R. Fan, Data center energy consumption modeling: A survey, IEEE Communications Surveys &
Tutorials, 18 (2016) 732-794.

J. Shuja, K. Bilal, S.A. Madani, M. Othman, R. Ranjan, P. Balaji, S.U. Khan, Survey of techniques and architectures for
13 designing energy-efficient data centers, IEEE Systems Journal, 10 (2016) 507-519.

Patel, C.; Bhatt, D.; Sharma, U.; Patel, R.; Pandya, S.; Modi, K.; Cholli, N.; Patel, A.; Bhatt, U.; Khan, M.A.; Majumdar,
S.; Zuhair, M.; Patel, K.; Shah, S.A.; Ghayvat, H. DBGC: Dimension-Based Generic Convolution Block for Object
Recognition. Sensors 2022, 22, 1780. https://doi.org/10.3390/s22051780

Bhatt, D.; Patel, C.; Talsania, H.; Patel, J.; Vaghela, R.; Pandya, S.; Madi, K.; Ghayvat, H. CNN Variants for Computer
Vision: History, Architecture, Application, Challenges, and Future Scope. Electronics 2021, 10, 2470.
https://doi.org/10.3390/electronics10202470

Bhatt, D.; Patel, C.; Sharma, P. Intelligent Farm Surveillance System for Bird Detection. Glob. J. Eng. Des.
Technol. 2012, 1, 14-18. [Google Scholar]

Rahul Vaghela*, Dr. Kamini Solanki, Madhuri Chopade & Dulari Bhatt. (2022). Model: An Intelligent Traffic Control
System. Journal of Optoelectronics Laser, 41(5), 851-863. Retrieved from
http://www.gdzjg.org/index.php/JOL/article/view/435

Rajan Patel, Rahul VVaghela, Madhuri Chopade, Prakash Patel, Dulari Bhatt, Integrated Neuroinformatics: Analytics and
Application in CRC press Book on Knowledge Modelling and Big Data Analytics in Healthcare,2021

Himani Deshmukh, Dulari Bhatt, Various Advance Business Analytics Tools in JETIR (Journal of Emerging
Technologies and Innovative Research), 2020

IJCRT2206048 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ i866


http://www.ijcrt.org/
https://doi.org/10.3390/s22051780
https://doi.org/10.3390/electronics10202470
https://scholar.google.com/scholar_lookup?title=Intelligent+Farm+Surveillance+System+for+Bird+Detection&author=Bhatt,+D.&author=Patel,+C.&author=Sharma,+P.&publication_year=2012&journal=Glob.+J.+Eng.+Des.+Technol.&volume=1&pages=14%E2%80%9318
http://www.gdzjg.org/index.php/JOL/article/view/435
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003142751-9/integrated-neuroinformatics-rajan-patel-rahul-vaghela-madhuri-chopade-prakash-patel-dulari-bhatt
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003142751-9/integrated-neuroinformatics-rajan-patel-rahul-vaghela-madhuri-chopade-prakash-patel-dulari-bhatt

