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Elevation plane (Guo, Yang & Zhang, 2018)

Proposed antenna with three pairs of MPs (Samanta,-S. et al.,
2020)

Simulated reflection coefficient and~AR of the proposed
antenna (Samanta, S. et al., 2020)

Geometry of the proposed antenna (a) Front view, (b) Back
view (Wang et al., 2019)

90° hybrid coupler-with a 90° phase delay strip line (Wang et
al., 2019)

Reflection coefficients of the proposed antenna at (a) Port A,
(b) Port B (Wang et al., 2019)

Simulated and measured ARs and gains of the proposed
antenna when (a) Port A is excited, (b) Port B is excited
(Wang et al., 2019)

Proposed antennas (a) Single element, (b) Individual feed,
(c) With feed network (Patanvariya, Kola & Chatterjee,
2019)

Reflection coefficient of the proposed antennas (Patanvariya,
Kola & Chatterjee, 2019)
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Figure 2.48 :

Figure 2.49.:
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Figure 2.51 :

Figure 2.52 :

AR of the proposed antennas (Patanvariya, Kola &
Chatterjee, 2019)

Structural of the array antenna with W=67 mm and L=100
mm (Xue, Wu & Wang, 2019)

Results of the proposed antenna (a) Reflection coefficient,
(b) AR (Xue, Wu & Wang, 2019)

Geometry of the unit cell (a) 3D view, (b) Top view, (c)
Bottom view (Zhang et al., 2018)

Configuration of the 4x4 CP-TCCDA (Zhang et al.;2018)
Simulated and measured VSWR and AR (Zhang et al., 2018)

Proposed antenna (a) Side view of element, (b) Top view of
element, (c) Top view of array, (d)-Fabricated antenna (Oh &
Nam, 2017)

Simulated results of-the proposed antenna (a) Gain, (b) AR
(Oh & Nam, 2017)

Geometry of:the proposed antenna (a) Side view, (b) Top
view;~(c) Top view of the patch antenna array (Ta & Park,
201.7)

Results of the proposed antenna (a) Reflection coefficient,
(b) AR and broadside gain values with Sp=2.8 mm (Ta &
Park, 2017)

Geometry of the antenna (a) Top layer, (b) Fabricated
antenna (Varum et al., 2016)

Results of the proposed antenna (a) Reflection coefficient (b)
AR (Varum et al., 2016)

DSRC antenna mounted on the rooftop (Liou & Mao, 2017)
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Figure 2.54 :

Figure 2.55 :

Figure 2.56 :

Figure 2.57 :

Figure 2.58 :

Figure 2.59 :

Figure 2.60:

Figure 2.61 :

Figure 2.62 :

Figure 2.63 :

Examples of flexible substrate (a) TPU (Khan et al., 2020),
(b) LCP (Jilani et al., 2019), (c) PDMS (Algadami, Jamlos &
Jamlos, 2019), (d) Paper (Elmobarak et al., 2017), (e) PI
(Hammoodi et al., 2016), (f) PET (Castro & Sharma, 2018)

Geometry of the proposed antenna (a) Top view, (b) Bottom
view, (c) Perspective view, (d) Multilayer of polymeric

composites (Algadami, Jamlos & Jamlos, 2019)

Measurement of the antenna (a) In normal plane, (b) Bending
radius R=35 mm, (c) Right arm (d) Reflection coefficient for
different measurement configurations (Algadami,‘Jamlos &
Jamlos, 2019)

Proposed antenna (a) During printing, (b) Front view
(Elmobarak et al., 2017)

Reflection coefficient of the{proposed antenna (ElImobarak et
al., 2017)

Reflection coefficient for different bending conditions
(Elmobarak et.al., 2017)

The _design and prototype of the flexible dual-band
microstrip antenna (Hammoodi et al., 2016)

Reflection coefficients without and with

(Hammoodi et al., 2016)

bending

(@) Top view of the antenna with AMC, (b) Fabricated
antenna (Dey et al, 2019)

Reflection coefficient of the proposed antenna (Dey et al,
2019)

(@) Front view of the antenna, (b) Fabricated antenna
(Lakshmanan, Mridula & Mohanan, 2018)
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Figure 2.71 :

Figure 2.72 :
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Figure 2.74%

Figure 3.1:
Figure 3.2 :
Figure 3.3 :
Figure 3.4 :

Figure 3.5:

Reflection coefficient of the proposed antenna (Lakshmanan,
Mridula & Mohanan, 2018)

Proposed inkjet printed dual-band antenna (a) Top view, (b)
Side view (Bait-Suwailam & Alomainy, 2019)

Reflection coefficient of the proposed antenna (Bait-
Suwailam & Alomainy, 2019)

Measured reflection coefficient at different surfaces and
bending conditions (Bait-Suwailam & Alomainy, 2019)

Polarization ellipse (Toh, Cahill & Fusco, 2003)

On-platform simulation using LGSVL »simulator data
(Kumar et al., 2020)

Suitable antenna placement on vehicle (Koch, 2012)

Proposed antenna for (a) Hyundai Elantra, (b) Hyundai Getz,
(c) Fiat Linea (Sathya etal., 2017)

On-vehicle experimental set-up (Mondal et al., 2018)

Antenna~mounted on a vehicular platform (Madhav,
Anilkumar & Kotamraju, 2018)

(a) OBU antenna position on 3D model of the car, (b) 3D

radiation characteristic (Samanta, S. et al., 2020)

Flow chart

Rogers RT/duroid 5880 (Rogers, 2017)

PET film (Comit, 2018)

SMA connector (Farnell, 2016)

SMA connector used for simulation purposes (a) Perspective

view, (b) Front view, (c) Side view
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Figure 4.33 :

Figure 4.34 :

Figure 4.35:

Figure 4.36 :

Figure 4.37 :

Figure 4.38 :

Simulated results of Antenna 2 at various locations on car (a)
Reflection coefficient, (b) AR

3D simulated radiation pattern of Antenna 2 at 5.9 GHz (a)
Front bumper, (b) Left side door, (c) Rear bumper, (d) Right

side door

Simulated radiation pattern of Antenna 2 at cut plane ¢=0°
and cut plane #=90° at 5.9 GHz (a) Front bumper, (b) Left
side door, (c) Rear bumper, (d) Right side door

Simulated results of Antenna 3 at various locations.an-car (a)
Reflection coefficient, (b) AR

3D simulated radiation pattern of Antenna3 at 5.9 GHz (a)
Front bumper, (b) Left side door, (¢).Rear bumper, (d) Right
side door

Simulated radiation pattern of Antenna 3 at cut plane #=0°
and cut plane #¢=90%at5.9 GHz (a) Front bumper, (b) Left
side door, (c) Rearbumper, (d) Right side door
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LIST OF ABBREVIATIONS

Two Dimensional

Three Dimensional

Two Generation

Third Generation

Third Generation Partnership Program
Advanced Driver Assistance Systems
Artificial Magnetic Conductor

Axial Ratio

Access Point

Antenna Under Test

Basic Safety Message

Cooperative Intelligent Transportation System
Cellular Vehiclesto-Everything
Car-to-Car .Communication Consortium
Crash Avoidance Metric Partnership
Connected and Automated Vehicles
Circularly Polarized

Circular Polarization Ratio

Computer Simulation Technology
Digital Audio Broadcasting

Decibels

Distributed Coordination Function
Department of Transportation

Dedicated Short Range Communications
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DVB Digital Video Broadcasting

ECC Electronic Communication Committee

ETC Electronic Toll Collection

ETSI European Telecommunications Standards Institute
FBR Front to Back Ratio

FCC Federal Communications Commission

FCW Forward Collision Warning

FHWA Federal Highway Administration

FMVSSs Federal Motor Vehicle Safety Standards

FOT Field Operational Test

GHz Giga Hertz

GPS Global Positioning System

GNSS Global Navigation Satellite System

IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
IP Internet Protocol

ISO International Organization for Standardization
ITS Intelligent Transportation System

ITU International Telecommunication Union (ITU)
loT Internet of Things

JTC Joint Technical Committee

KHz Kilo Hertz

LCP Liquid Crystal Polymer

LHCP Left Hand Circular Polarization

LOS Line of Sight
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LTE
MAC
MHz
mm
MPA
MPs
NHTSA
NLOS
OBU
OEM
OFDM
PCB
PDMS
PET
PHY
Pl
PSDO
QoS
RE
RFID
RHCP
RPM
RSS
RSU

RTTT

Long Term Evolution

Medium Access Control

Mega Hertz

Millimeter

Microstrip Patch Antenna

Metallic Posts

National Highway Traffic Safety Administration
Non Line of Sight

On Board Unit

Original Equipment Manufacturer
Orthogonal Frequency Divisign Multiplex
Printed Circuit Board
Polydimethylsiloxane

Polyethylene Terephthalate

Physical

Polyimide

Partnership Standards Development Organization
Quality of Service

Radio Frequency

Radio Frequency Identification

Right Hand Circular Polarization

Relative Positioning Module

Radio Standards Specification

Road Side Unit

Road Transport and Traffic Telematics
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SAE Society of Automotive Engineers

SAR Specific Absorption Rate

SDARS Satellite Digital Audio Radio Service

SDK Software Development Kit

SLL Side Lobe Level

SP Sequential Phase

SR Sequentially Rotated

TDMA Time Division Multiple Accesses

TPMS Tyre Pressure Monitoring System

TPU Thermoplastic Polyurethane

U-NII Unlicensed-National Information.Infrastructure
USDOT United States Department\of Transportation
V2D Vehicle-to-Device

V2l Vehicle-to-Infrastructure

V2N Vehiclesto-Network

V2P Vehicle-to-Pedestrian

V2V Vehicle-to-Vehicle

V2X Vehicle-to-Everything

VANETS Vehicular Ad-hoc Networks

VSWR Voltage Standing Wave-Radio

WAVE Wireless Access for Vehicular Environments
Wi-Fi Wireless Fidelity

WLAN Wireless Local Area Network

WSMP WAVE Short Message Protocol

XPD Cross Polar Discrimination
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