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Editorial 
 
 

In today’s technology-driven world we can see the advancement in electronic devices which in turn helps in 

the evolution of wireless network. The aim of wireless communication is to provide high quality, reliable 

communication just like wired communication and each new generation of services represents a big step in 

that direction. This evolution consists of several generations starting with 1G and followed by further 

advanced generations i.e. 2G, 3G, 4G, and 5G. . Each of the generations has standards that must meet to 

officially use the G terminology. 

The first generation has fulfilled the basic needs of voice, whereas second generation technologies worked 

with digital signals. Further third generation included high data transmission speed as compared to its 

predecessor. The fourth generation of mobile technology was known as long term evolution which include 

advanced services and, in accordance with service demands Fifth generation also has many advancements to 

provide its users a smoother network facility. 

The term AR stands for Augmented Reality. It means when we bring the animated, imaginary, or computer-

generated objects or images in a real-life world, it is termed as AR. Augmented Reality is an interactive 

experience of an environment in a real world where the objects that are placed in real world are enhanced by 

computer-generated perceptual information, sometimes across multiple sensory modalities, including visual, 

acoustic, tactile, somatosensory and olfactive. Augmented reality (AR) differs from virtual reality (VR) in 

the sense that in AR part of the surrounding environment is actually 'real' and just adding layers of virtual 

objects to the real environment. AR is both interactive and registered in 3D as well as combines real and 

virtual objects. 

The merits of a multi robot system (MRS) over a single robot comprise better task completion, malfunction 

handling, increased robustness, and so on. In this thesis, the MRS is used to tackle path planning. 

The process of getting from the source to the goal without clashing with barriers is known as path planning. 

The first step in accomplishing this is to create an efficient path. When the surroundings is understood and 

the destination location is estimated, establishing a path is simple. However, because we are working with 

an unknown environment in which the goal position may or may not be known, the problem is divided into 

two groups. When the target's location is known, one possibility is coordinated target tracking. Another is 

coordinated target searching, which should be used when the target's position is unknown. The target 

seeking task tests the multi-robot system's ability to conduct opportunistic searches in the shortest possible 

time by coordinating movement steps guided by bio-inspired calculations. Tracking necessitates target 

coordination, and it is relational mathematics with robots. The coordinated search procedure aids in the 

concurrent movement of robots while also assisting in the discovery of alternative paths to the same goal. 
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GENERATION OF WIRELESS COMMUNICATION 
NETWORK 
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1, 2,3 Students, Electronics And Communication Department, KIET Group Of Institutions, Ghaziabad, UP,India. 
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Abstract — In today’s technology-driven world we can see the 
advancement in electronic devices which in turn helps in the 
evolution of wireless network. The aim of wireless communication 
is to provide high quality, reliable communication just like wired 
communication and each new generation of services represents a 
big step in that direction. This evolution consists of several 
generations starting with 1G and followed by further advanced 
generations i.e. 2G, 3G, 4G, and 5G. . Each of the generations has 
standards that must meet to officially use the G terminology. The 
main objective of this paper is a detailed and comprehensive study 
about the evolution of the different mobile generation technologies 
in wireless communication. The first generation has fulfilled the 
basic needs of voice, whereas second generation technologies 
worked with digital signals. Further third generation included 
high data transmission speed as compared to its predecessor 
. The fourth generation of mobile technology was known as long 
term evolution which include advanced services and, in 
accordance with service demands Fifth generation also has many 
advancements to provide its users a smoother network facility. 

 
 

Keywords — CDMA , TDMA , GSM , ITU , LTE , WWWW 

I. INTRODUCTION 

In the past few decades we have witnessed a remarkable growth 
in the wireless industry. [1]Wireless communication plays an 
important role in everyday life. Without communication, 
wireless technology has become an integral part of our daily 
operations. This provides data transfer without any operator via 
RF and radio signals. Information is transmitted to all devices 
within a few meters to hundreds of miles through well-defined 
channels. The term wireless means to communicate or transmit 
information remotely without the need for wires, cables, or any 
other electrical conductors. Wireless communication is one of 
the most important ways to transfer data or information to other 
devices. Communication is set up and information is 
transmitted over the air, without the need for any cables, using 
radio transmitters such as radio, infrared, satellite, etc., to a 
wireless communication technology network. 

 
 
 

II. FIRST GENERATION 
1G refers to the first generation of wireless mobile technology. 
These are the first analog communications standards introduced 
in the 1980s and continued until they were replaced. The first 
generation of wireless communication system was an analog 

frequency switching system based on three technologies known 
as NMT (Nordisk Mobile Telephony), AMPS (Advanced 
Mobile Phone Service) and CDPD (Digital Packet Data). This 
analog system was first used in North America as the Analog 
Mobile Phone System (AMPS), while the system was used in 
Europe and around the world as the Wide Accessibility 
Network (TACS). In this case the voice signal is converted to a 
maximum frequency of about 150 MHz and transmitted 
between radio towers. The system is allocated a 40-MHz 
bandwidth between the frequency range of 800 to 900 MHz. 
Broadcasting takes place from base to mobile channels via the 
forward channel using frequencies between 869-894 MHz. 

 
Key features of first generation: 

• Speed-2.4 kbps 
• frequency band of 824-894MHz 
• voice calls 
• Bandwidth around 10 MHz 
• Analogue switching technology used 
• Frequency Modulation (FM) is used 

 

 
Fig 1.. first generation mobile phone 

Drawbacks of first generation: 

• Poor voice quality 
• Poor battery life 
• Large phone size 
• Limited capacity 
• Poor handoff reliability 
• Poor security 
• Offered very low level of spectrum efficiency 
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III. SECOND GENERATION 
2G is used for second generation technology. This 2G system 
is based on GSM (Global System for Mobile communication) 
standard and was launched in Finland in early 1990s. Unlike 
first generation digital signals were used for transmission as it 
provide services to deliver text and picture messages along with 
voice messages.[2] 2G capabilities are achieved by allowing 
multiple users on a single channel via multiplexing. 
up to 144 kbps. As per the demand 2G technologies can be 
bifurcated into Time Division Multiple Access (TDMA) based 
and Code Division Multiple Access (CDMA). In CDMA, each 
user has a unique code whereas in TDMA each user is assigned 
with a time slot. 

 
Some features of second generation: 

• Starting of digitally encrypted communication 
• Data speed up to 64kbps 
• better quality and capacity 
• more efficient use of the radio frequency spectrum 
• Data services starting with text messages 
• Roaming is possible 
• Enhanced security 

 
Drawbacks of second generation : 

• Unable to handle complex data such as videos. 
• Required strong digital signals 
• Speed is very low 
• less compatible with the smartphones functions 
• lower compatibility with distance changes 

 
Fig 2. Second Generation mobile phone 

 
 
 
 

IV. THIRD GENERATION 
Third generation based mobile technology wide band wireless 
network fills International Mobile Telecommunications-2000 
(IMT-2000) International data Telecommunication Union. 
According to IMT-2000 standards, the system is required to 
provide high quality data values of at least 200 Kbit / s. 3G 
activities on 2100 Hz frequency and bandwidth 15-20 MHz The 
communication provides improved clarity as well perfection as 
a real conversation. The latest 3G release provides mobile 
broadband access to a few M bit / s on smart phones and mobile 
phones modems on laptops. The first issue of (Third Generation 

Partnership Project) Long 3GPP The Term Evolution (LTE) 
standard is completely fulfilled (International 
Telecommunications Union) ITU 4G requirements called IMT- 
Advanced. 4g or 3.9G technology is the first release of LTE.[4] 
Yours Evolution LTE Advanced 4G technology. 

 
The third generation (3G) technology was invented in the year 
2000.Comparing 1G and 2G Technology to 3G in 3G Data . 
ItsTransmission speed 144Kbps-2Mbps.3G.The technology is 
for multimedia cell phones, usually it is called smart phone. In 
3G, bandwidth and transfer rates were enhanced to 
accommodate web-based applications and audio and video files. 
Speed in 3G is much higher than in 2G. there are three types of 
cellular access technology i.e. CDMA 2000(Code Division 
Multiple Access), WCDMA ( Wide Band Code Division 
Multiple access ) and TD-SCDMA (Time Division 
Synchronous Code Division Multiple Access).[4] 

 
 

Key features of third generation: 

 
• Faster data transfer rate 
• Anywhere access to the internet. 
• Speed of up to 2 Mbps 
• Increased bandwidth and data transfer rates 
• Send/receive large email messages 
• Large capacities and broadband capabilities 

 

 
Fig3. Third generation mobile phone 

 
 
 
 
 

Drawbacks of third generation: 
 

• Insufficient bandwidth. 
• High expenses 
• Power consumption is high. 
• Data/voice and roaming 
• Require closer base station and are expensive 
• Spectrum license cost 
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V..FOURTH GENERATION 
 

The fourth Generation mobile system was introduced in the late 
2000s. It provides same feature as 3G and additional services 
like Multi-Media Newspapers, to watch T.V programs with 
more clarity and send Data much faster than previous 
generations. 4G is considered as LTE (Long Term Evolution) 
based on GSM/EDGE and UMTS/HSPA technologies.[3] The 
main goal of 4G technology is to provide high speed, high 
quality, high capacity, security and low cost services for voice 
and data services, multimedia and internet over IP. The reason 
for the transition to all IP is to have a common platform to all 
the technologies developed so far. It has the capability 
100Mbps and 1Gbps. To provide wireless services anytime and 
anywhere, terminal mobility is a key factor in 4G.Terminal 
mobility implies automatic roaming between different wireless 
networks. The 4G technology integrate different existing and 
future wireless technologies (e.g. OFDM, MC-CDMA, LAS- 
CDMA and Network-LMDS)[5] to provide freedom of 
movement and uninterrupted roaming from one technology to 
another. 

 
Key features of fourth generation: 

• Capable of provide 10Mbps-1Gbps speed 
• Combination with Wi-Fi 
• High security 
• Instant service 
• Low cost per-bit 
• very low latencies 
• frequency band used in 4G is from 2000 Mhz to 8000 

Mhz 
• maximum downlink speed of around 100 Mbps 
• uplink speed of around 50 Mbps 

 
 

Drawbacks of fourth generation: 

• Hard to implement 
• High battery usage 
• Complicated hardware 
• High data prize 
• Complicated security issue 
• Expensive 

 
 

Fig4.fourth generation mobile phone 

VI. FIFTH GENERATION 
 

5G refers to the fifth generation which was introduced from the 
end of 2010. 5G.Features Viewable with the technology 
includes improved levels of connectivity and coverage. The 
main focus of 5G will be World-Wireless World Wide Web 
(WWWW).[6] It is a complete wireless communication with no 
limitations. 5G refers to the fifth generation which was 
introduced from the end of 2010. 5G. Features Viewable with 
The technology includes improved levels of connectivity and 
coverage. The main focus of 5G will be 
World-Wireless World Wide Web (WWWW). It is a complete 
wireless communication which does not 

 
Main features of fifth generation: 

 
• It is highly helpful for WWWW (Wireless World 

Wide Web)[7] 
• High Speed,High Efficiency 
• Provides large transmission of data in Gbps. Watch 

multi-media newspapers, TV programs with clarity 
(HD clarity) 

• Faster data transmission than the previous generation 
• Large phone memory, Dialing speed, Clarity in 

audio/video 
• Support interactive multimedia, voice, streaming 

video, Internet and more 
• More effective and attractive 

 
 
 

Fig5.fifth generation mobile phone 
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                                                                          FIG6.COMPARISON AMONG ALL GENERATIONS

 
 

VII. CONCLUSIONS 

 

 

As the world of mobile wireless communication is rapidly 
developing. In the last few years we have experienced a 
remarkable growth in wireless industry.Many of the attempts 
are being made to reduce the number of technologies to a single 
global standard resulting in 5G,6G and 7G.From the above 
research paper, we have studied about the different wireless 
technologies,generation details and comparison between 1G, 
2G, 3G, 4G, 5G.The paper shows how the evolution of wireless 
technologies occurred and how they came into existence. 
Advanced Wireless technologies have proved to be of great 
boon to the telecommunication sector in developing it. With 
latest research and advances, the purpose of the user has been 
served more rather than the operator making it more reliable for 
the user. As a result, the user centric networks are given more 
priority nowadays giving the provided services which the user 
may not have experienced before. Now a days 5G aims a real 
wireless world with no limitations Trials have already started 
on 5G which may lead to its commercial availability around 
2022. The world is trying to become completely wireless, 
demanding uninterrupted access to information anytime and 
anywhere with better quality, high speed, increased bandwidth 
and reduction in cost 
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Abstract— This paper surveys the growing trend, recent 

developments, and innovative use of Augmented Reality in formal 

and informal way to make the real-life problems easier.  It describes 

about the different works performed by researchers in the field of 

Augmented Reality and mentioned about the reason for which new 

technologies came into existence. It covers and discusses about 

Augmented Reality technologies with Computer Vision methods, AR 

devices, and vast use of HMDs (Head Mounted Display) and many 

more tools and technologies. It also focuses on how humans make 

use of AR apps in their day-to-day life marketing, manufacturing, 

and visualization. Further we described about the XR and IoT 

technologies and how it helps in making of sensor-based AR devices 

and what were the challenges that were faced during the making of 

this. This paper also comprises about different safety measures that 

can be taken using AR like in US construction industry and talks 

about different areas where AR is bringing revolution like education 

system.  

 

 
Keywords— AR: Augmented Reality, VR: Virtual Reality, 

HMD: Head Mounted Display, AR Core, AR Kit, Vuforia 

PTC, AR Foundation 

 

I. INTRODUCTION 

The term AR stands for Augmented Reality. It means when 

we bring the animated, imaginary, or computer-generated 

objects or images in a real-life world, it is termed as AR. 

Augmented Reality is an interactive experience of an 

environment in a real world where the objects that are placed 

in real world are enhanced by computer-generated perceptual 

information, sometimes across multiple sensory modalities, 

including visual, acoustic, tactile, somatosensory and olfactive. 

Augmented reality (AR) differs from virtual reality (VR) in 

the sense that in AR part of the surrounding environment is 

actually 'real' and just adding layers of virtual objects to the 

real environment. AR is both interactive and registered in 3D 

as well as combines real and virtual objects. Milgram‘s 

Reality-Virtuality Continuum is defined by Paul Milgram and 

Fumio Kishino as a continuum that spans between the real 

environment and the virtual environment comprise 

Augmented Reality and Augmented Virtuality (AV) in 

between, where AR is closer to the real world and AV is 

closer to a pure virtual environment, as seen in Fig [1]. 

Augmented Reality aims at simplifying the user‘s life by 

bringing virtual information not only to his immediate 

surroundings, but also to any indirect view of the real-world 

environment, such as live-video stream. As stated in (Minjuan 

Wang, et al.), Implementation of AR in education is following 

a trajectory like mobile learning (mLearning). While initially 

heralded as becoming mainstream in the classroom, 

mLearning has become much more of a supplementary tool 

than an indispensable component of teaching. Connecting the 

AR technology with smartphones we discovered that 

Smartphones and other mobile technologies have become a 

necessary and fundamental component of modern 

consumption and life (Braun et al, 2016). Recent 

developments suggest a future where augmented reality (AR) 

will be similarly indispensable to both consumption and 

marketing. Augmented Reality represents an innovative media 

format that integrates virtual information into a user's 

perception of the real-world. The ‗Pokémon Go‘ mobile app is 

a well-known example where users catch virtual creatures 

projected over the real-world as viewed through a smartphone 

(Rauschnabel et al., 2017). Apart from AR, we also got 

familiar with XR, i.e., Extended Reality. VR, AR and Mixed 

Reality (MR) are building new experiences in entertainment 

[5] and education. The intersection between these 

technologies is something that hasn‘t been fully explored, but 

pioneering projects are leading the way to show the potential 

of bringing IoT and XR technologies together. Augmented 

reality (AR) has captured the attention of both the public and 

corporations with its ability to seamlessly integrate digital 

content with the real-world environment. AR devices like the 

Microsoft HoloLens and Magic Leap One allow users to see 

the real physical world but superimpose a layer of digital 

content such that users see virtual models mixed in with the 

actual world around them. Typically, the digital objects–

which can be anything ranging from a simple shape to a 

realistic model of a person–are rendered in stereo (i.e., with 

mailto:1maaz.2024ec1127@kiet.edu
mailto:3ayush.2024ec1090@kiet.edu
mailto:4shubham.2024ec1121@kiet.edu
https://www.researchgate.net/figure/Paul-Milgrams-Reality-Virtuality-RV-Continuum_fig1_290010171
https://link.springer.com/article/10.1007/s12652-017-0547-8
https://link.springer.com/article/10.1007/s12652-017-0547-8
https://onlinelibrary.wiley.com/doi/10.1002/mar.20866
https://www.sciencedirect.com/science/article/pii/S0747563217304521
https://finance.yahoo.com/news/void-vr-experience-startup-worth-020600309.html
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separate images projected into each eye) to give the illusion of 

depth when situated next to real objects. 

AUGMENTED REALITY TECHNOLOGIES 

 

Extended Reality  

 

Extended Reality (XR) is a domain which encases AR, VR 

and MR all as a single domain.[6] it is a term referring to all 

real-and-virtual combined environments and human-machine 

interactions generated by computer technology and wearables, 

where the 'X' represents a variable for any current or future 

spatial computing technologies.[7] [8] 

 

Augmented Reality (AR) 

 

Augmented Reality technology is gaining popularity within 

society and becoming more ubiquitous in nature (Johnson, 

Smith, Levine, & Haywood, 2010) [1]. Augmented Reality, a 

technology that superimposes a computer-generated image on 

a user‘s view of the real world. In Augmented Reality, virtual 

content is superimposed into the real world using various 

methods like image detection, ground plane detection, etc. 

   While the general interest in AR may be recent and growing, 

academic researchers have been building and testing the 

technology for decades. Many experiments focus on the 

technical and design aspects of AR, but less is known about 

how social interactions are affected by the technology.    

Gordon Allport defined the field of social psychology as ―an 

attempt to understand and explain how the thoughts, feelings, 

and behaviour of individuals are influenced by the actual, 

imagined, or implied presence of others‖. This well-accepted 

definition is broad enough to include virtual people rendered 

in AR. Allport‘s foresight in extending social psychology to 

imagined and implied others is quite prescient, given the new 

types of social interactions which will become possible in AR 

[9][10] 

 

 

 

 

 
 

Uses of AR 

 

The use of Augmented Reality systems has been investigated 

in a range of industries since the early 1990‘s, including 

medicine, manufacturing, aeronautics, robotics, entertainment, 

tourism and more recently, social networking and education 

(Azuma, 1997; Billingshurst, 2002; Hincapie, Caponio, Rios, 

& Mendivil, 2011; Shelton, 2002; Shin, et al., 2010; 

Shuhaiber, 2004). By overlaying media elements into the 

users‘ real-world context Augmented Reality can provide 

cognitive support for difficult tasks [1]. 

  In NFT techniques, some characteristic points from the 

image are detected in real-time by the AR system and the 

virtual objects pose are calculated based on these points 

(Fraga-Lamas et al., 2018) [10]. 

 

1-AR Healthcare 

 

More sciences groups are using augmented reality (AR) to 

carry out new treatment plans to lifestyle through combining 

digital and bodily worlds.AR facilitates creating rich & 

interactive studies that display how new pills and clinical 

gadgets interact with the body. Surgeons can get entry to real-

time, lifesaving affected person information. They can now 

use these during complicated or straightforward procedures. 

By using a handheld scanner in Augmented Reality, nurses 

can determine where the veins are.  

 

 

 

 

        

 

 

                       

 

 

 

 

 

An open MRI is a feasible option for perioperative imaging.  

however, a single surgery requires 40 ± 9.4 minutes of 

scanning in average and the use of specialized MRI-

compatible instruments. Automatic medical reconstructions 

tend to include many different structures, which make the 

orientation difficult, especially in abdominal surgery [11][12]. 

 

2-AR Education 

 

Augmented Reality can replace textbooks, physical forms, 

posters, and printed brochures. his mode of mobile learning 

also reduces the cost of learning materials and makes it easy 

for everyone to access. This can assist college students in 

implementing ideas in an immersive environment, so one can 

simplify ideas and make studying easy. Moreover, schools 
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will also grasp huge attention from students through an 

excellent learning experience delivered via technology. 

 

3-AR E-Commerce 

 

Create digital showrooms and permit clients to discover 

showrooms from the comfort of their homes without having to 

visit a retail store. Provide virtual landscapes of products and  

enable customers to experience all the features and 

capabilities first-hand. Customers can not only shop for 

products online via real life interfaces but also try products 

virtually. Retailers can overcome physical limitations and 

offer access to every product feature, in the long run drawing 

extra clients into the income funnel for better conversions.[13] 
 

 

 

 

 

 

 

 

 

 

 

 
4-AR Tourism 

 

AR is the future of travel app development, and it has 

immense potential to transform each one of these aspects. 

Google Maps announced its new development in April 2018 

using Augmented Reality to facilitate spatial orientation. 

Tourists can learn more with Augmented Reality. They can 

view the current architectural artifacts in detail. For instance, 

some hotels have an interactive wall map in rooms through 

which guests can 5 explore pertinent information regarding 

local travel destinations with much ease.[14] 

 
 

 

 

 

 

 

 

 

 

 

 
5-AR Gaming and Entertainment 

 

Pokémon GO has rightfully earned its popularity and opened 

the world of AR games to us. By turning the AR concept 

inside out placing actual objects in a virtual world – 

augmented reality game creation is reaching new heights. 

Interactive TV could utilize AR to provide information on top 

of what the viewer is already seeing. Augmented reality can 

turn listening to music into unusual activity. [15] 

 

 

 

 

 

 

 

 

 

 

 

II. TOOLS IN AR 

 

Augmented reality is a way in which a human can bring a 

virtual world into our real world. Dealing with augmented 

reality requires several technologies. [16] These devices 

generally include displays, input devices, tracking and 

computers. 

 

Displays 

 

Augmented reality generally include three main types of 

displays they are: head mounted display (HMD), handheld 

displays and spatial displays. 

HMD is a device worn on the head or as a part of a helmet 

Through which one see the real world integrated with the 

virtual one. HMD can either be video-see-through or optical 

see-through and can have a monocular or binocular display 

optic. The HMD helmet can either have a small display optic 

in front of one or each eye. [17] 

 

 

 

 

 

 

 

 

 

 

 
Handheld devices consist of those devices which can be hold 

into the palms of humans. These devices generally come to 

use while working with the marker AR. These small 

computing devices use video see through technique two 

overlay the graphics onto the real world which can be seen 
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through the display of these devices. the devices generally 

come in three classes: smart-phones, PDAs, and tablets. 

 

Spatial augmented reality (SAR) is another variant of 

augmented reality that uses Holograms, projectors, optical 

elements, etc.in order to overlay the graphical information. 

SAR is unique type of Augmented Reality that uses Projection 

as a source in order to overlay its Information. SAR produces 

immersive contents by overlapping virtuality and real-world 

environment using three ways: video-see-through, optical-see-

through and direct augmentation.[18] 

 

 

 

 

 

 

 

 

 

 
 

Input Devices 

 

The input device used in AR can be of many types. These 

devices can either be a normal Smartphone, Pc, digital 

Wristbands etc. These devices are mainly used to gather 

information from the environment so that the virtual overlay 

can be applied on the real environment. In case of marker AR 

the devices can be used to scan  the marker and augment the 

object . 

 

Tracking 

 

Tracking devices in AR mainly consist of digital cameras and 

optical sensor. Devices such as Camera are heavily used in 

devices like HMD to gather info from the outside world. 

The gather info help in near perfect augmentation of the 

subject into the real world. 
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III. CONCLUSIONS 

 

Augmented Reality is developing very fast in today's 

world. Whatever filters we are using in snapchat, Instagram, 

etc all are based on AR. Augmented Reality has the potential 

to supplant the Internet in terms of size and application. But as 

often noted in the educational domain, utilisation of 

technology is by no means a guarantee of success. On the 

contrary, poor use of emerging technology can result in 

inferior learning outcomes. The challenge for educators is to 

harness the power of Augmented Reality in ways that 

contribute to the ultimate growth of students, and that means 

supporting the development of students‘ higher order thinking 

capabilities. We also got to know that how we can use these 
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kinds of immersive technologies in helping and solving our 

real-life problems. 

 

ACKNOWLEDGMENT 

 

This research paper review would not have been possible 

without the exceptional support of my supervisor, Mr. 

Paramanand Sharma. His enthusiasm, knowledge and exacting 

attention to detail have been an inspiration and kept our work 

on track. The main contributions towards this review report 

were done by four authors who are pursuing their 

undergraduate courses from KIET Group of Institutions. The 

authors would like to thank the college for providing this 

opportunity. 

REFERENCES 

1) Wang, Minjuan, et al. "Augmented reality in education and 

training: pedagogical approaches and illustrative case studies." 

Journal of ambient intelligence and humanized computing 9.5 

(2018):1391-1402. 

2) Wang, M., Callaghan, V., Bernhardt, J., White, K., & Peña-Rios, 

A. (2018). Augmented reality in education and training: 

pedagogical approaches and illustrative case studies. Journal of 

ambient intelligence and humanized computing, 9(5), 1391-1402. 

3) Wang, Minjuan, Vic Callaghan, Jodi Bernhardt, Kevin White, and 

Anasol Peña-Rios. "Augmented reality in education and training: 

pedagogical approaches and illustrative case studies." Journal of 

ambient intelligence and humanized computing 9, no. 5 (2018): 

1391-1402. 

4) Wang, M., Callaghan, V., Bernhardt, J., White, K. and Peña-Rios, 

A., 2018. Augmented reality in education and training: 

pedagogical approaches and illustrative case studies. Journal of 

ambient intelligence and humanized computing, 9(5), pp.1391-

1402. 

5) Wang M, Callaghan V, Bernhardt J, White K, Peña-Rios A. 

Augmented reality in education and training: pedagogical 

approaches and illustrative case studies. Journal of ambient 

intelligence and humanized computing. 2018 Oct;9(5):1391-402. 

6) Rauschnabel, Philipp A., Reto Felix, and Chris Hinsch. 

"Augmented reality marketing: How mobile AR-apps can improve 

brands through inspiration." Journal of Retailing and Consumer 

Services 49 (2019): 43-53. 

7) Rauschnabel, P. A., Felix, R., & Hinsch, C. (2019). Augmented 

reality marketing: How mobile AR-apps can improve brands 

through inspiration. Journal of Retailing and Consumer Services, 

49, 43-53. 

8) Miller, Mark Roman, et al. "Social interaction in augmented 

reality." PloS one 14.5 (2019): e0216290. 

9) Miller, Mark Roman, Hanseul Jun, Fernanda Herrera, Jacob Yu 

Villa, Greg Welch, and Jeremy N. Bailenson. "Social interaction in 

augmented reality." PloS one 14, no. 5 (2019): e0216290. 

10) Miller MR, Jun H, Herrera F, Yu Villa J, Welch G, Bailenson JN. 

Social interaction in augmented reality. PloS one. 2019 May 

14;14(5):e0216290. 

 



 
 
KIET IJCE KIET International Journal of Communications & Electronics   

Volume. No. 9, Issue No. 2, July-Dec 2020, ISSN: 2320 – 8996 
 

 

 
 

PERFORMANCE ANALYSIS OF AODV AND DYMO ROUTING 
PROTOCOLS IN WI-MAX NETWORKS 

 
Deptt. of ECE, Graphic Era University Dehradun Deptt of ECE, Birla Institute of Applied Sciences, 

Bhimtal chandani19nov@gmail.com 
 
 

Abstract. Routing protocol is the part of 
network layer that is responsible for deciding the 
route of data packetsfrom source node to 
destination node. MANET is a network of 
mobile nodes with wireless radio interface. The 
IEEE 802.16 Wi-Max (World Wide 
Interoperability for Microwave Access) standard 
is based on global interoperability and is an 
emerging technology that delivers high speed 
wireless broadband at much lower cost to the 
area covering large distance than the cellular 
services and the Wi-Fi network. Mobile Ad-Hoc 
& Wi-Max network are presently applicable 
everywhere in real life, so as to solve day to day 
commercial needs of civilians business, business 
meetings outside the offices, education by the 
help of virtual classrooms, in Bluetooth, the 
transmission of multimedia applications over 
networks etc. AODV and DYMO are the two 
protocols specifically designed for MANET 
network and are also frequently implemented for 
Wi-Max network. As DYMO is a successor to 
the AODV protocol hence it is interesting to 
investigate would the DYMO implementation is 
better when compared to results obtained using 
AODV for the Wi-Max network. In this research 
work observations are presented regarding the 
performance comparison of AODV and DYMO 
protocols for VBR traffic source by varying the 
item size of data packets in Wi-Max networks. 
Keywords: Wi-Max networks, MANET, AODV, 
DYMO, VBR traffic source  

INTRODUCTION 

These days, as the demand for establishing 
connection for data transmission between the 
wireless nodes is increasing. Hence the demand 
of working wireless solutions for connecting to 
the Internet is also increasing. In MANET, the 
nodes are mobile and are connected through 

wireless links, each node is free to move 
independently and randomly. Mobile Ad-Hoc 
networks come into role where permanent 
infrastructure of network is absent. Wi-Max is 
designed to be a low cost way to deliver wireless 
broadband services over a large area. 
 
Routing protocol is the part of network layer. 
Routing directs the passing of logically 
addressed data packets from their source node 
toward their destination node through 
intermediate nodes. Every routing protocol has 
its own algorithm on the basis of which it 
discovers and maintains the route. Routing 
algorithm uses a value known as routing metric 
to determine which route perform better. Routing 
metrics cover information such as bandwidth 
consumption, delay, and number of hop counts, 
path cost,  
 
 
load, reliability, and cost of communication. The 
best possible route is stored in routing table for 
data packet to travel through that route. 
 
In this research analysis, comparison of two on-
demand routing protocol for VBR (Variable bit 
rate) traffic source for different size of data 
packets is done using QualNet 5.0.2 network 
simulator. 

WI-MAX-802.16 

The Wi-Max (World Wide Interoperability for 
Microwave Access) architecture was designed to 
offer strong QoS, lower latency, and better 
security and thus making it an excellent platform 
to run VoIP, to handle high-quality data, voice, 
video and multimedia services. It is a wireless 
digital communications system that is based on 
wireless "metropolitan area networks" 
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technology. This is one of the hottest emerging 
broadband wireless access (BWA) technology 
can deliver theoretically up to 30 miles (50 km) 
for fixed stations, and 3-10 miles (5-15 km) for 
mobile stations. The name "Wi-Max" was 
created by the Wi-Max Forum. 

ROUTING Protocols 

Routing is the important concepts, 
because it takes care about the successful 
transmission of the data from source node to 
destination node. The routing protocols also 
facilitate the communication within the network 
as they discover routes between the nodes. The 
routing protocols primarily have two functions. 
First, is determination of routes from source to 
destination and second, is delivery of message to 
the correct destination. The performance of the 
routing protocol depends on the efficiency of that 
particular routing protocol and also on the 
scenarios that that they have been used in. 
Routing protocols can be classified as either 
proactive, reactive, or a hybrid 

PROACTIVE ROUTING 

Proactive routing protocols are table-driven 
protocols. These protocols attempt to maintain 
correct routing information of the entire network 
at all times. As the network routing tables are 
constantly maintained and the route for data 
packet is known without any additional setup 
delay. These routing protocols are well suited for 
time-critical traffic. Main disadvantage of this 
routing scheme is that a large portion of 
bandwidth is used to keep the routing 
information up-to-date. As, in the case of fast 
node. mobility, route updates may be more 
frequent than route requests, thus wasting 
bandwidth because much of the routing 
information will never be used. 

REACTIVE ROUTING 

HYBRID ROUTING 

Hybrid routing protocols are the combination of 
both proactive routing and reactive routing. 
Attempt of hybrid protocol is to take advantage 
of strengths of purely proactive and reactive 
routing protocols, while minimizing the 
weaknesses of both the routing. 

 
REACTIVE ROUTING Protocols 
 
AODV (AD-HOC ON-DEMAND DISTANCE 
VECTOR ROUTING PROTOCOL)- The 
AODV routing is a reactivedistance vector 
routing algorithm. There are no exchanges of 
routing information periodically. Only when a 
source node have data packets to send to some 
destination nodes and does not have valid route 
to the destination, it broadcast the route request 
query message to its neighbors, to discover the 
route for transmission of data packets. It keeps 
the discovered route till they are required by 
sources. 

DYMO (DYNAMIC MANET ON-DEMAND 
ROUTING PROTOCOL)Dynamic MANET 
On-demand (DYMO)routing protocol is a 
successor of the AODV and operates in similar 
manner as AODV. No extra features are added to 
DYMO neither it is an extend form of the AODV 
protocol, rather it simplifies the AODV protocol 
by retaining the basic mode of operation required 
for successful routing. It is built with 
enhancements, as it also stores routes for each 
intermediate hop whereas AODV only generates 
entries for destination node and the next hop 
node in the route table. 

As most routing protocols used in high mobility 
region for real time multimedia application are 
based on reactive routing instead of proactive. 
Thus, in this research the performance of two 
reactive routing is analyzed and comparison of 
the AODV and DYMO routing protocol for 
VBR (Variable bit rate) traffic source is done. As 
VBR (variable bit rate) compressed multimedia 
data packets are used for transmission of 
multimedia data to optimize the use of wireless 
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channel. Both the protocols are tested for same 
simulation parameters as illustrated in Table 1 
below: 
  
Table 1: Parameters tested for Routing 
Protocols 

Parameters AODV/DYMO 

Wi-Max Networks 6 

Mobile nodes 25 

Simulation Area 
1500m 
*1500m 

Mobile nodes in each 
Wi Max  4 

Mobility Model RWP 

Path loss model 
Two Ray 
Model 

Shadowing Model Constant 

Shadowing Mean 4 dB 

Channel Frequency 2.4 GHz 

Physical layer Protocol IEEE 802.16 

Traffic generator VBR 

Item Size 
256, 512,1024 
bytes 

Pause time of node 1 0s 

Simulation time 100s 
Maximum Buffered 
packets 100 

Maximum buffer size 0 bytes 

Temperature 290 K 

Noise Factor 10 dB 

Transmission Power 20 dB 
 
In order to evaluate, analyze and compare the 
performance of the two MANET routing 
protocols all simulations are executed for 100 
seconds. Following quantitative metrics are 
chosen to evaluate the comparative performance 
of protocols: 

 
 

Table 2: Quantitative metrics for 
Performance determination 

Throughput is the 
rate of 
successfultransmission 
of data packets over a 
communication 
channel 

Total number of 
data bytes 
received * 8 / 
Total simulation 
time (s) 

Packet delivery ratio  
 
 

Number of data 
packets received 
/Number of data 
packets sent 
 

Average end-to-end 
delay – In delay 
metricdelays due to 
route discovery, 
queuing, propagation 
and transmission time 
taken by data packets 
are included. 
 

Time of data 
received – Time 
of data sent 
/Number of data 
packets received 
 

 
 
Total dropped packets – These are the number 
ofdata packets that aren’t successfully sent to the 
destination node either when the buffer is full 
and can’t accept additional packet or when the 
time that the packet has been buffered exceeds 
the limit 
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COMPARISON of two Techniques  

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 

 

 

 

CONCLUSION & FUTURE SCOPE 

AODV routing performed well for smaller and 
larger sizes of data packets, DYMO routing 
being the successor of AODV performed well for 
the intermediate (optimal) item size of data 
packets. Result shows that the overall 
performance metrics of AODV routing for 
smaller and larger sizes of data packets  
 
is at the higher edge. DYMO routing 
outperforms AODV only for intermediate 
(optimal) size of data packets it is the size that is 
generally used, but as the size of data packets 
vary the performance of DYMO protocol 
declines. Performance of these protocols for the 
same scenario can be evaluated by running the 
experiments more number of times so that the 
average of different performance metrics can be 
obtained and a threshold size of data packets for 
VBR traffic source can be determined. The work 
can be extended to the various other protocols 
that are applicable to MANET. 
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size of data packets PDF is less whereas for 
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of data packets the PDF is very high as 
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Normalized Routing Load – NRL 
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data packets the performance of DYMO 
protocol is better whereas for t 
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Abstract − In wireless sensor networks, battery’s 

life is the main constraint in their deployment and 

working. Hence, many techniques have been 

developed to improve the energy efficiency of 

wireless sensor networks which in turn increases 

their network lifetime. In this paper, we use 

cooperative communication jointly with data 

aggregation to reduce the energy consumption of 

batteries. For this purpose, we use cooperative 

multiple-input multiple-output (MIMO) to reduce 

the energy consumption during transmission of data 

bits and data aggregation to reduce the redundant 

data bits for transmission by correlating neighbor 

nodes data. In this paper, variation in average 

energy consumption per node is analyzed by 

varying cluster size in the sensor network. We have 

also compared this technique with cooperative 

MIMO without data aggregation, data aggregation 

without cooperative MIMO and single-input single-

output (SISO) technique. Also variation in energy 

saving gain is shown with variation in average 

distance of two neighboring nodes considering 

different spatial correlation. 

 

  Keywords– Cooperative multiple-input multiple 

output, data aggregation, network lifetime, 

wireless sensor networks (WSNs), energy 

efficiency 

 

INTRODUCTION 
 

      Wireless sensor networks (WSNs) have 

emerged as one of the most important field in 

wireless communication as they are having 

countless applications such as surveillance, 

intelligence, targetingsystems, intrusion detection, 

patient monitoring, product quality monitoring and 

monitoring disaster areas [1]. As size of sensors 

have become very small over the period of time, so 

is their power source i.e. batteries and it is very 

difficult to recharge or replace them in most 

applications. So, some techniques should be used to 

reduce the amount of energy consumed in 

transmission of data between the clusters. It can be 

further reduced by eliminating the redundant data 

between the neighboring nodes by correlating them. 

Therefore, less the data for transmission, less will 

be the energy consumed. 

      For reducing the transmission energy, we are 

proposing the cooperative MIMO (CMIMO) 

technique. The efficiency of cooperative 

transmission under space-time block code encode 

(STBC) is discussed and the synchronization 

requirements are analyzed in [2]. In a clustered 

sensor network where sensors cooperate with each 

other on signal transmission or reception in a 

deterministic way, energy efficiency points have 

been investigated in [3]. The overall energy 

consumption can further be reduced by properly 

balancing the power allocation between intra-

cluster (local) and inter-cluster (long-haul) 

transmissions [4]. If the long-haul transmission 
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distance is large enough and cluster size is 

optimally chosen, the energy efficiency of 

cooperative MIMO can be significantly increased 

[3]. The energy consumed during inter-cluster 

transmission can be saved by using data 

aggregation (DA) technique to reduce the amount 

of data in transmission. 

      Of late, approaches have been presented that 

combines cooperative MIMO with data aggregation 

(CMIMO-DA) [3], [4]. [3] presents effect of the 

distance of long-haul transmission on the energy 

efficiency of the network and concluded that the 

total energy consumption can further be reduced by 

combining both cooperative MIMO and data 

aggregation techniques. But results limited with 

maximum two sensor nodes in a cluster makes it 

difficult to distinguish between different 

aggregation schemes. Where as in [4], average 

energy consumption per node versus cluster size 

has been examined for cooperative MIMO with 

data aggregation scheme and compared with three 

other schemes. It has been compared with SISO, 

cooperative MIMO without data aggregation and 

data aggregation without CMIMO. In this paper, 

research of [4] has been extended by varying some 

parameters involved and presenting that more 

number sensor nodes can exist with negligible 

compromise on the average energy consumption 

per node.  

      Remaining paper is organized as follows. 

Section II proposes energy consumption model for 

CMIMO-DA for centralized data aggregation 

scheme (CDAS). In Section III, optimal cluster size 

is obtained for minimized average energy 

consumption per node. Energy saving gain is also 

obtained for different spatial correlation. Section IV 

finally concludes the paper. 

 

SYSTEM MODEL 
 

 

 
 

Fig.1. CMIMO-DA Communication 

 

      In Fig.1, the sensor nodes are uniformly 

distributed with nodal density and self organized 

into clusters. These nodes transmit data to the AP 

(access point) by cooperative communication. Let 

us assume that cluster size is n (i.e. each cluster 

contains n sensors nodes). Such nodes sense L bits 

of data in given period of time. Data sensed by the 

nodes in a cluster are correlated as they are closely 

spaced. Data aggregation condenses the redundant 

data using the correlation property and hence 

reduced amount of data is to be transmitted to the 

AP.  

 In CMIMO-DA, communication can be divided 

into two steps: 

a) Local Communication 

b) Long-Haul Communication. 

 

      In Local communication, sensor nodes 

exchange their data with each other through a 

central node and correlated data are compressed by 

appropriate aggregation scheme and then 

distributed to individual sensor nodes. In Long-

Haul communication, compressed data from 

previous step is transmitted by each individual node 

to the AP through the wireless channel using a 

Space Time Block Coding (STBC) scheme. 

      For Local communication, a Square Law Path 

loss with additive white Gauss Noise (AWGN) is 

assumed. A Rayleigh fading channel with Square-

Law path loss is assumed for long-haul 

communication. We adopt orthogonal STBC 

(OSTBC) codeword. Rayleigh fading channel gain 
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between a transmitting and a receiving node is a 

scalar. Hence, the fading factors of CMIMO 

channel can be represented as a scalar matrix [2]. 

      Let us assume Etotal (Total Energy Consumption 

for transmitting L bits from each of the n nodes in a 

cluster to the AP) can be divided into two 

components: 

 

 The energy consumed in long-haul 

communication by the sensor nodes in a 

cluster to the AP for cooperatively 

transmitting the compressed data Elh.  

 The energy consumed in local communication 

for exchange of data and compression Elc, 

which is given by: 

Etotal = Elh + Elc                      (1) 

 

A. Energy Consumption of Long-Haul 

Communication Elh : 

      The energy consumed in long-haul 

communication CMIMO-DA,    
         is given 

by: 

   
         ,         (      )-

  

   
            

(2) 

 

where sensor nodes in a cluster encode the 

compressed data with the OSTBC scheme and 

cooperatively transmit them to the AP.       is 

the power consumption of the power amplifiers on 

the transmitting side, and Rlh denotes the 

transmission bit rate defined as Rlh = Rb.b.B, with b 

being the constellation size (bits per symbol), B 

being the modulation Bandwidth and RS being the 

spatial rate of the encoding scheme. Here, RS =1/2, 

because OSTBC with code rate of ½ is used, In is 

the total amount of data after compression in a 

cluster with n nodes and the general expression of 

In is application dependant. General expression for 

In is calculated according to rainfall model [7]. The 

total amount of compressed data generated by a set 

of n nodes after lossless compression can 

approximately be calculated by an iterative formula 

as follows: 

   =       [  
 

(   ⁄   )
]                      (3) 

where c is a constant and represents the degree of 

spatial correlation in the data, and   is the 

minimum distance between the new source node 

(the ith node) and the existing set of nodes. The 

initial set of nodes consists of only one source 

node; thus, we have    = L. At each iteration, the 

new source node makes a certain amount of 

contribution to the total compressed data, which is 

equal to [1 − (1/(  /c + 1))]L. Furthermore, we can 

conclude, based on (3), that the amount of 

compressed data contributed by the new source 

node, i.e., Δ  =   −     , increases as the total 

number of the nodes involved increases. 

      In Long-Haul communication, distance between 

AP and the cluster is usually much larger than the 

maximum separation of the clusters which is 

denoted by D. we assume that this distance is same 

for all the sensor nodes. The Power consumed by 

power amplifiers in one cluster when the channel 

experiences only a square-low path loss is denoted 

as        and can be given by [5]. 

       (    )    
    

(  )   

     
     (4) 

where     
 is the average energy per bit required for 

a given BER requirement. α = (ξ/η) − 1, with ξ 

being the peak-to-average ratio (PAR) and η being 

the drain efficiency of the RF power amplifier. 

Here,   and   are the transmitter and receiver 

antenna gains, respectively, λ is the carrier 

wavelength,   is the link margin that compensates 

for the hardware process variations and other 

additive background noise or interference, and   is 

the receiver noise level defined as        ⁄ , 

with   being the power spectral density (PSD) of 

the total effective noise at the receiver input and    

being the single-sided thermal noise PSD at room 

temperature. ξ (PAR) is given as: 

 ξ = 3(
 
 
    

 
 
    

)                                    (5)                                 

      The average BER    of a MIMO with MQAM 

when b=2 is given by [5]. 

   =  [ (√    )]=∫  (√    ) (   ) 
 

 
             

(6)      

 

where   ( ) denotes the expectation of   with 

channel vector h, and    is the instantaneous 

received SNR for the CMIMO system. 
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 can be given by chernoff bound [6]. So, 

upper limit for the required energy per bit in the 

high SNR region is given as 

    
   

   

(   )
  ⁄                                  (7) 

 

      By taking equality in (7) and putting into (4), we 

can calculate         
 

B. Energy Consumption of Local Communication 

Elc: 

 

      In [4] two data aggregation schemes have been 

proposed in CMIMO-DA to exchange and 

compress their data and result in different forms of 

energy consumption in Local communication. One 

scheme is CDAS, in which central node collects the 

data sensed by all the nodes in the cluster, 

compresses the data and then distributes the 

compressed data back to the nodes. The other 

scheme as DDAS (Distributed Data Aggregation 

Scheme) in which each node exchange its data with 

all other nodes in a cluster and then separately 

compress the data. In [4], it is shown that CDAS is 

more energy efficient than DDAS when the degree 

of spatial correlation is above a threshold value 

(c=1740 in this case). So, we will consider CDAS 

in this paper for CMIMO-DA. CDAS works in 

there phase: 

a) Gathering Phase 

b) Compressing Phase 

c) Broad Casting Phase as given in [4]. 

      The energy consumption of CDAS in a cluster is 

the sum of the energy consumed in above mention 

three phases, which is given by: 

                                      (8) 

 

where                         are the energy 

consumption of the gathering, compressing and 

broadcasting phases in CDAS, respectively. 

Some parameters are omitted here that consumes 

energy to maintain the efficiency of the model. The 

energy dissipated in the gathering phase is given as 

      ,(   )       (   )(     )-
 

   
       

(9) 

 

where        denotes the power consumption of 

the power amplifier at the transmitter side, and 

         are the power consumption of circuit 

blocks at the transmitter side and the receiver side, 

respectively. The transmission data rate is given by 

         
              can be calculated when the channel 

experiences only a Square-Law Path Loss based on 

the link budget relationship [5]. 

       (    )    
    

(  )   

     
                    (10) 

where     
 is the energy per bit required for a given 

BER requirement. For simplicity, all the clusters 

are assumed of circular area of the same size as in 

[4], and the radius of the circular area is used as the 

transmission distance, which is denoted by d, for all 

the nodes in a cluster to exchange their data through 

a central node. To obtain       , the energy per bit 

    
  required for a given BER     needs to be 

determined. The average BER of a SISO with 

MQAM when b   is given by [5]. 

     (√    )                          (11) 

where Q(x) is the Q-function, which is defined as  

 ( )   ( √  ⁄ ) ∫    
  ⁄ 

 
   and    denotes the 

instantaneous received signal-to-noise ratio (SNR), 

which can be written as 

                 
    
 

  
   (12) 

Hence      
  can be obtained for the given     by 

substituting (12) into (11). The energy dissipated in 

the compression phase is given by [4]. 

                                         (13) 

where       denotes the energy cost per bit for data 

compression. 

The energy dissipated in the broadcasting phase is 

given by [4]. 

       ,         ( ( )    (   )  )-
  

   
       

(14) 

For (14) to be valid when n is any positive integer, a 

binary function  ( ) is defined as 

q(n) ={
     
     

 

So, energy consumption during local 

communication under CDAS can be obtained by 

combing (8),(9),(13) and (14). It is expressed as 
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*,(   )     -        

,(   )    ( )  -      
,(   )(    )-  + + nL          (15) 

 

Now, the total energy consumption for all nodes in 

a cluster to transmit their sensed data to the AP, 

      can be obtained as  

                
 

The average energy consumption per node will be 

used as an indicator for evaluating the energy 

efficiency of CMIMO-DA [4], which is expressed 

as 

                               
      

 
                                 

(16) 

      Therefore, 

           
 

    
*,(   )     -      

 ,(   )   ( )  -    
,(   )(    )-  +  +L      

                                       
  

    
,        (      )-   

(17) 

 

ANALYSIS AND COMPARATION OF 

CMIMO-DA WITH OTHER 

TECHNIQUES 

 

      In this section, firstly we will compare the 

performance of CMIMO-DA with CMIMO, data 

aggregation with CMIMO (DAW), and SISO 

system. Average energy consumption per node for 

CMIMO, DAW and SISO system can be given by 

[4] and they are denoted as 

                      respectively. 

      Therefore, 

       

 
 

    
,(    )        ( )(    )  

                    (    )  -

 
 

   
,             -

                                                                                         (  ) 

      
 

    
(   )(            )  

                                  
  

    
,            -     

(19) 

      ,             -
 

   
               (20) 

 

where       is the power consumption of the 

power amplifier during data transmission from the 

cluster to the AP, which is the same as 

      expressed by (10), but replacing d with D. 

Some assumptions are made in the simulation of 

these four techniques just as in [4]. We compare the 

Parameter Symbol Value 

Drain Efficiency   0.35 

Transmitter and 

Receiver Antenna 

Gain 

     5 dBi 

Link Margin    40 dB 

Receiver noise level    10 dB 

Single sided thermal 

Noise Power 

Spectral Density at 

room temperature 

   -171 

dBm/Hz 

Modulation 

Bandwidth 

B 10 KHz 

Power Consumption 

at transmitter side 

PT 150 mW 

Power Consumption 

at receiver side 

PR 100 mW 

Energy cost per bit 

for data compression 
      5 

nJ/bit/signa

l 

Length of data in 

bits 

L 2000 bits 

Distance between 

clusters and access 

point 

D 10000 m 

Constellation size b 2 

Nodal Density ρ      /   

Degree of spatial 

correlation in data 

c 2500 

Carrier Wavelength λ 0.12 m 
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results for average energy consumption per node 

versus cluster size as given in [4] for different 

average BER (both long-haul    and local    ). So, 

we demonstrate the effect of cluster size on average 

energy consumption per node for four analytical 

models derived in (17)-(20) for a given parameter 

settings given in Table I. 

 

              TABLE I. SYSTEM PARAMETERS 

 

 

Fig. 2, Fig. 3 and Fig. 4 shows the effect of 

different average BER on average energy 

consumption per node versus cluster size for 

CMIMO-DA, CMIMO, DAW and SISO. For Fig. 

2, Fig. 3 and Fig. 4, we have taken the average BER 

as 10-2, 10-3 and 10-4 respectively. As clearly shown 

in these three figures, CMIMO-DA outperforms all 

other three systems mentioned in terms of energy 

efficiency in most cases. From these figures, we 

can show that after proper clusterization, CMIMO-

DA will become most energy efficient system in 

WSNs. 

 

 
 

Fig. 2. Average energy consumption per node 

against cluster size for CMIMO-DA, CMIMO, 

DAW, and SISO with average BER=10-2 

 

 
 

Fig. 3. Average energy consumption per node 

against cluster size for CMIMO-DA, CMIMO, 

DAW, and SISO with average BER=10-3 

 

 
 

Fig. 4. Average energy consumption per node 

against cluster size for CMIMO-DA, CMIMO, 

DAW, and SISO with average BER=10-4 

 

 

    Here, we compare CMIMO-DA system’s 

average energy consumption per node and 

accordingly optimal cluster size for different 

average BER values. Fig. 2 shows average energy 

consumption per node against cluster size for 

CMIMO-DA, CMIMO, DAW, and SISO with 

average BER=10-2. For this setting, we get 

         =103J and n=5. Fig. 3 shows average 

energy consumption per node against cluster size 

for CMIMO-DA, CMIMO, DAW, and SISO with 

average BER=10-3. For this setting, we get 
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         =108J and n=8. Fig. 4 shows average 

energy consumption per node against cluster size 

for CMIMO-DA, CMIMO, DAW, and SISO with 

average BER=10-4. For this setting, we get 

         =110J and n=10. For the settings given 

in Table I and average BER of 10-2, CMIMO-DA 

achieves minimum average energy consumption for 

a cluster size of 5. 

      As we can see from our results, CMIMO-DA 

and CMIMO are the two most effective techniques 

to save energy in WSNs for optimal cluster size and 

average BER. Here, we will compare both 

techniques for long-haul communication as most 

part of the energy is consumed in transmitting data 

from sensor nodes to AP [4]. Fig. 5 shows that 

CMIMO-DA consumes less energy than CMIMO 

for all cluster sizes as there are much less data to 

transmit from sensor nodes to AP due to data 

aggregation. The energy consumed in long-haul 

communication of CMIMO-DA is given by (2). 

The energy consumed in long-haul communication 

of CMIMO,    
      is given by: 

   
      

 

   
,             -             (21) 

 

 

 
 

Fig. 5. Energy consumption comparison between 

CMIMO-DA and CMIMO for long-haul 

communication. 

 

      Lastly, we will show how spatial correlation 

affects energy saving in CMIMO-DA. For this, 

energy saving gain of CMIMO-DA is compared 

with CMIMO versus average distance of two 

neighboring nodes when ϕ= 0, 0.25, 0.5, 0.75 and 

1. Here, energy saving gain is defined as the ratio 

of the reduction in energy consumption per node 

between CMIMO and CMIMO-A versus the energy 

consumption per node of CMIMO, i.e., 

         
     
            

        

(   )     
     ,               (22) 

      Fig. 6 shows energy-saving gain of CMIMO-

DA compared with CMIMO versus average 

distance of two neighboring nodes when ϕ= 0, 0.25, 

0.5, 0.75 and 1. It can be deduced from Fig. 6 that 

spatial correlation in the data produced by sensor 

nodes will decrease for the increased average 

distance, so the energy saving gain decreases with 

the increase in the average distance. In Fig. 6, the 

degree of spatial correlation is taken as c=100. It is 

also shown that all the nodes in the network will 

duplicate data and the energy consumed by 

CMIMO-DA is fractional compared with that of 

CMIMO when any two neighboring nodes in a 

sensor network are close enough. 

 

 
 

Fig. 6. Energy-saving gain of CMIMO-DA 

compared with CMIMO versus average distance of 

two neighboring nodes with degree of spatial 

correlation is taken as c=100. 

 

CONCLUSION 
 

      In this paper, a combined approach of 

cooperative MIMO and data aggregation (CMIMO-

DA) is used to increase the network lifetime of a 

clustered WSN by increasing its energy efficiency. 

The CMIMO-DA is compared with SISO, 

cooperative MIMO without data aggregation and 

data aggregation without CMIMO and the 
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CMIMO-DA became the most energy efficient 

model for different cluster sizes. It is also shown 

that CMIMO and CMIMO-DA are more energy 

efficient for optimally clustered network. But it can 

consume even more energy than other schemes if 

the cluster size is taken too big. It is also shown that 

energy consumption and optimal cluster size 

depends on average BER, and the energy saving 

gain decreases with the increase in the average 

distance.  
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Abstract— Continuous technology scaling in device dimension give 

rise to short channel effects which are of major concerned in nano 

regime and need to be addressed in future VLSI generation . 

Silicon-on-insulator (SO I) MOSFET in this decade has been 

offering superiority over CMOS devices with higher speed, higher 

density, excellent radiation hardness and reduced short channel 

effects for submicron VLSI applications. The SO I based MO 

SFETs present a definitive advantage in the highly competitive 

domain of Low Power/Low Voltage (LP/LV) electronics circuits. 

In this work the effect of channel doping variations on the 

behaviour of nano scale SO I based MO SFET has been examined. 

Variations in doping concentration of SO I MO SFET channel is 

explored to study the impact of channel doping on short channel 

effects (SCEs) such as threshold voltage fluctuation, subthreshold 

swing (SS), gate leakage, Ion current, Ioff current and drain 

induced barrier l owering (DIBL) of N- channel SO I MOSFET. 

TCAD Simulation has been used in this work . 

 

Keywords—silicon on insulator (SO I) film, density gradient (DG) 

transport model, buried oxide (BO X), subthreshold slope (SS), 

drain induced barrier lowering (DIBL). 
 

I. INTRODUCTION  
To achieve density, speed and power optimization the 
dimensions of the device has been shrinking down for the last 
three decades . So it is not easy to continue with bulk MOSFET 
because of short channel effects problem in sub < 100nm 
regime. Short channel effects are less dominant on SOI based 
MOSFETs than their BULK counterpart. But still SOI based 
MOS devices are suffering to a less extent with short channel 
effects such as gate leakage and subthreshold leakage due to 
continuous scaling of threshold voltage and supply voltage in 
nanogeneration. So to optimize the SOI devices channel doping 
optimization is one of the option to control short channel effects 
(SCEs) and performance improvement. DIBL causes shift in 

threshold voltage in linear (VDS=0.05V) and saturation (VD 

S=VDD) region results in lowering the barrier of a short-channel 

device which in turn increases the subthreshold current . SOI 
has more speed than bulk MOSFETs due to reduced capacitance 
and provide better isolation due to buried oxide layer (BOX) 
thereby makes charge leakage impossible. Small capacitance 
makes SOI devices attractive for low power, low 

 
voltage application and accepted as better option for gate length 
<25nm in nano regime. SOI Devices provide high packing 
density also but yet they are suffering from self heating effect 
and floating body effect. In this paper, we will elaborate the 
effect of channel doping variations in a 50nm technology N-
channel fully depleted SOI MOSFET. 
 

II. DESIGN METHOD 
 
A metal gate technology based fully depleted n-channel SOI 
MOSFET has been designed using TCAD Sentaurus Structure 
Editor. The tecplot architecture of n-channel fully depleted 
silicon on insulator MOSFET is shown in Fig. 1. The active 
elements are formed in active silicon layer (SOI film) region 
which is separated from the substrate by using a buried oxide 
layer (BOX) made of SiO2. The material SiO2 is also used for 
making gate oxide and spacer technology to reduce fringing 
field effect. The carrier transport model used for all simulation 
is Density Gradient (DG) includes carrier mobility degradation 
due to high doping concentration, the velocity saturation within 
high-field regions and the mobility degradation due to surface 
roughness scattering.  
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TABLE I 
DEVICE PARAMETERS T AKEN FOR DESIGN 

 
S .No. Parameter Value [unit] 

1. Gate Length 50 [nm] 

2. Gate oxide thickness 2.5 [nm] 

3. BOX thickness 25 [nm] 

4. Spacer thickness 10 [nm] each side 

5. SOI film thickness 10 [nm] 

6. Substrate Doping 5 x 10
17

 [cm
-2

] 

7. Lateral diffusion (LD) 5[nm] each side  

TABLE II 
DATA FOR ON AND OFF STATE CURRENT   

S.No. Channel Doping Ion current Ioff current 

 concentration(cm 
-2

) (A/um) (A/um) 

1. 1.0x10
17 

5.22x10
-04 

6.06x10
-07 

2. 2.5x10
17 

4.79x10
-04 

1.85x10
-07 

3. 5.0x10
17 

4.31x10
-04 

4.72x10
-08 

4. 7.5x10
17 

3.92x10
-04 

1.40x10
-08 

5. 1.0x10
18 

3.59x10
-04 

4.38x10
-09 

     

 
The DG model solves the quantum potential equations to 

include quantization effects in a classical device simulation. In 

the density-gradient transport approximation the quantum 

potential is a function of the carrier densities and their 

gradients. The nanoscale devices, such as double gate SOI and 

FinFETs structures are also simulated with the help of 

Sentaurus Simulator. The dimensions and doping information 

regarding to Design of NMOS Structure is given in table I. 
 

III. RESULTS 
 
The behaviour n-channel SOI MOSFET in nano regime has 
been characterized with different channel doping concentration 

with value Nch = 1x10
17

, 2.5x10
17

 , 5x10
17

, 7.5x10
17

 and 

1x10
18

 cm
-2

 . Fig. 2 shows the threshold voltage versus channel 
doping concentration. It is appearing from the graph, threshold 
voltage almost linearly depends on channel doping 
concentration. From this we observed that control on short 
channel effects become worse at channel doping concentration 

less than 1x10
17

cm
-2

 for 40nm channel length SOI NMOSFET. 

The values of Ion and Ioff current at various channel doping 
concentration is given in table II. The effect of channel doping 

variation on Ion of the MOSFET is shown in Fig. 3. Since the 
threshold voltage increases due to increase in channel doping 

results in decrease in Ion current of the device. Similarly effect 

on off state current (Ioff) with channel doping concentration is 
shown in Fig. 4. It is clear from the graph, relation between 

Logarithmic of off state current (loge Ioff) and channel doping 
concentration is almost linear. 
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Fig. 2 Threshold voltage versus Channel Doping concentration 
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Fig. 3 Ion current versus Channel Doping concentration 
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Fig. 4 Ioff current versus Channel Doping concentration 
 
For channel doping concentration Nch < 5 x 1017 the off state 
leakage current is become a significant part. The DIBL and 
Subthreshold Slope (SS) are also calculated for the device for 
different channel doping concentration given in table III. The 
DIBL versus channel doping concentration is shown in Fig. 5. 
It is observed that DIBL is first decreasing with increasing 
channel doping and then increasing. The optimum value of 
DIBL is obtained for channel doping around 7.0x1017 . 
Similarly Fig. 6 presents the subthreshold slop which has 
almost decreasing nature with increasing channel doping 
concentration. 
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TABLE III 

CALCULATED DIBL AND SUBTHRESHOLD SLOPE (SS) 
 

S .No.  Channel Doping DIBL SS 

   concentration(cm 
-2

) (V/V) (mV/decade) 

 1.  1.0x10
17 

.053 83.530  
 2.  2.5x10

17 
.046 82.396  

 3.  5.0x10
17 

.043 80.838  
 4.  7.5x10

17 
.042 80.993  

 5.  1.0x10
18 

.076 80.336  
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Fig. 5 DIBL versus Channel Doping concentration 
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Fig. 6 Subthreshold slop versus Channel Doping concentration 

IV. CONCLUSIONS 
 
In this paper, performance optimization of a fully depleted SOI 
MOSFET has been carried out with the help of channel doping 
engineering. It is observed that threshold voltage increases with 

increase in channel doping concentration. Ion current and off 

state current (Ioff) also decrease as the channel doping 
concentration increases. However, it is found that DIBL 

increased rapidly for channel doping concentration Nch> 

7.5x10
1 7

. It is also well known that higher channel doping may 
lead to carrier mobility degradation in channel which affects 
the device performance. So we can vary the channel doping 
concentration upto certain limit. 
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