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AbstracH The dedicated short-range communication
(DSRC) is an emerging technique to push the intelligent
transportation system into our daily life. The DSRC
standards generally adopt FM0 and Manchester codes to
reach dc-balance, enhancing the signal reliability.
Nevertheless, the coding-diversity between the FM( and
Manchester codes seriously limits the potential to design
a fully reused VLSI architecture for both. In this paper,
the similarity-oriented logic simplification (SOLS)
technique is proposed to overcome this limitation. The
SOLS technique improves the hardware utilization rate
from 57.14% to 100% for both FM0 and Manchester
encodings. The performance of this paper is evaluated on
the post layout simulation in Taiwan Semiconductor
Manufacturing Company (TSMC) 0.18-pm 1P6M
CMOS technology. The maximum operation frequency
is 2 GHz and 900 MHz for Manchester and FMO0
encodings, respectively. The power consumption is 1.58
mW at 2 GHz for Manchester encoding and 1.14 mW at
900 MHz for FMO encoding. The core circuit area is
65.98 x 30.43 pm2. The encoding capability of this paper
can fully support the DSRC standards of America,
Europe, and Japan. This paper not only develops a fully
reused VLSI architecture, but also exhibits an efficient
performance compared with the existing works.

. INTRODUCTION

Dedicated shoftange communications a@neway

or twoway shorirange to mediurnange wireless
communication channels specifically designed for
automotive use and a corresponding set of protocols
and standards.

The dedicated sherange communication (DSRC) is
a protocol for one or twoway medum range
communication especially for intelligent
transportation systems. The DSRC can be briefly
classified into two categories: automokbite
automobile  and  automobite-roadside. In
automobileto-automobile, the DSRC enables the
message sending andbdcasting among automobiles
for safety issues and public information
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announcement. The safety issues include kdipot,
intersection warning, inter cars distance, and collision
alarm. The automobileo-roadside focuses on the
intelligent transportationesvice, such as electronic
toll collection (ETC) system. With ETC, the toll
collecting is electrically accomplished with the
contactless Ieard platform. Moreover, the ETC can
be extended to the payment for parksegvice, and
gasrefueling. The upper ral bottom parts are
dedicated for transmission and receiving, respectively.
This transceiver is classified into three basic modules:
microprocessor, baseband processing, and RF-front
end. The microprocessor interprets instructions from
media access contrtd schedule the tasks of baseband
processing and RF fromind. The baseband processing
is responsible for modulation, error correction, clock
synchronization, and encoding. The RF frontend
transmits and receives the wireless signal through the
antenna.

Communicationsbased active safety applications use
vehicle to vehicle and vehicle to infra structure short
range wireless communications to detect potential
hazards in
not see. The connected vehicle providesaecbd
awareness at potentially reduced cost, and offers
additional functionality over autonomous sensor
systems available on some vehicles today.
Communicationdbased sensor systems could
potentially be a lowcost means of enabling hazard
detection capabitl on all vehicle classes, but requires
vehicles and infrastructure to be outfitted with
interoperable communications capabilities.

Il. PRELIMINARIES

The dedicated sherange communication (DSRC) is
a protocol for one or twoway medium range
communication especially for intelligent

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 47

-aevew thdse ticeldrévérdoesp at h



© September 2017| IJIRT | Volume 4 Issue 4 | ISSN: 2349-6002

transportation systems. The DSRC can be briefly
classified into two categories: automobite
automobile and automobite-roadside. In
automobileto-automobile, the DSRC enables the

speed VLSI architecture almost fully reused with
Manchester and Miller encodings for radio frequency
identification (RFID) applications. This design is
realized in 0.3y m CMOS

message sending and broadcasting among automobiles maximum operation frequency is 200 MHZhe

for safety issues and public information
announcement. The safety issues include kdipot,
intersection warningntercars distance, and callorn
alarm. The automobilo-roadside focuses on the
intelligent transportation service, such as electronic
toll collection (ETC) system. With ETC, the toll
collecting is electrically accomplished with the
contactless Ieard platform.

Moreover, the ETCan be extended to the payment for
parkingservice, and gaefueling. Thus, the DSRC
system plays an important role in modern automobile
industry. The system architecture of DSRC transceiver
is shown in Fig.2. The upper and bottom parts are
dedicated fotransmission and receiving, respectively.
This transceiver is classified into three basic modules:
microprocessor, baseband processing, and RF-front
end. The microprocessanterprets instructions from
media access control to schedule the tasks of baseband
processing and RF fromind. The baseband processing
is responsible for modulation, error correction, clock
synchronization, and encoding. The RF frontend
transmits and receives the wireless signal through the
antenna.
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Fig. 1 System Architecture of DSRC Transceiver

The literature proposes VLS| architecture of
Manchester encoder for optical communications. This
design adopts the CMOS inverter and the gated
inverter as the switch to construct Manchester
encoder. It is implemented by 0-5m CMOS
technoloy and its operation fregency is 1 GHz. The
literaturefurther replaceshe architecture of switch in
by the nMOS device. It is realized in-8tn CMOS
technology, and the maximum operation frequency is
as high as 5 GHz. The literaturedevelops a high
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literature also poposes a Manchester encoding
architecture for ultrahigh frequency (UHF) RFID tag
emulator. This hardware architecture is conducted
from the finite state machine (FSM) of Manchester
code, and is realized into fiefstogrammable gate
array (FPGA) prototypig system. The maximum
operation frequency of this design is ab2b6 MHz.
The similar design methodology is further applied to
individually construct FMO and Miller encoders also
for UHF RFID Tag emulator. Its maximum operation
frequency is about 192 MHEurthermorecombines
frequency shift keying (FSK) modulation and
demodulation with Manchester codec in hardware
realization.
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[I. IMPORTANCE OF HDLS

HDLs have many advantages compared to traditional
schematiebased design.
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1 Design can be described at a very abstract level by
us of HDLs. Designers can write their RTL
description  without choosing a specific
fabrication technology. Lag synthesis tools can
automatically convert the design to any
fabrication technology. If a new technology
emerges, designers do not need to redesign their
circuit. They simply input the RTL description to
the logic synthesis tool and create a new gat lev
netlist,using the new fabrication technology. The
logic synthesis tool will optimize the circuit in
area and timing for the new technology.

1 By describing designs in HDLsfunctional
verification of the design can be done early in the
design cycle. Sincelesigners work at the RTL
level, they can optimize and modify the RTL
description until it meets the desired functionality.
Most design bugs are eliminated at this point. This
cuts down design cycle time significantly because
the probability of hitting dunctional bug at a later
time in the gatdevel netlist or physical layout is
minimized.

1 Designing with HDLs is analogous to computer
programming. A textual description with
comments is an easier way to develop and debug
circuits. This also provides a mwcise
representation of the design, compared to-gate

level schematics. Galevel schematics are
almost incomprehensible for very complex
designs.

I HDL-based designs are here to stay. With rapidly
increasing complexities of digital circuits and
increasingy sophisticated EDA tooldiDLs are
now the dominant method for large digital
designs. No digital circuit designer can afford to
ignore HDL based design.

Verilog HDL has evolved as a standard hardware
description language. Verilog HDL offers many useful
features

1 Verilog HDL is a generapurpose hardware

description language that is easy to learn and easy

to use. It is similar in syntax to the C programming
language. Designers with C programming
experience will find it easy to learn Verilog HDL.

1 Verilog HDL allows different levels of
abstraction to be mixed in the same model. Thus,
a designer can define a hardware model in terms
of switches, gates, RTL, or behavioral code. Also,
a designer needs to learn only one language for
stimulus and hierarchical desig
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1 Most popular logic synthesis tools support
Verilog HDL. This makes it the language of
choice for designers.

1 All fabrication vendors provide Verilog HDL
libraries for post logic synthesis simulation. Thus,
designing a chip in Verilog HDL allows the
widest choice of vendors.

1 The Programming Language Interface (PLI) is a
powerful feature that allows the user to write
custom C code to interact with the internal data
structures of Verilog.

Designers can customize a Verilog HDL simulator to
their needs witlthe PLI.

1 The speed and complexity of digital circuits have
increased rapidly. Designers have responded by
designing at higher levels of abstraction.
Designers have to think only in terms of
functionality. EDA tools take care of the
implementation detasl With designer assistance,
EDA tools have become sophisticated enough to
achieve a clos&-optimum implementation.

1 The most popular trend currently is to design in
HDL at an RTL level, because logic synthesis
tools can create gatevel net lists fronRRTL level
design. Behavioral synthesis allowed engineers to
design directly in terms of algorithms and the
behavior of the circuit, and then use EDA tools to
do the translation and optimization in each phase
of the design.

1 However, behavioral synthesisidd not gain
widespread acceptance. Today, RTL design
continues to be very popular. Verilog HDL is also
being constantly enhanced to meet the needs of
new verification methodologies.

1 Formal verification and assertion checking
techniqgues have emerged. Formeerification
applies formal mathematical techniques to verify
the correctness of Verilog HDL descriptions and
to establish equivalency between RTL and gate
level net lists. However, the need to describe a
design in Verilog HDL will not go away.
Assertion checkers allow checking to be
embedded in the RTL code. This is a convenient
way to do checking in the most important parts of
a design.

1 New verification languages have also gained
rapid acceptance. These languages combine the
parallelism and hardwareonstructs from HDLs
with the object oriented nature of C++. These
languages also provide support for automatic
stimulus creation, checking, and coverage.
However, these languages do not replace Verilog
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HDL. They simply boost the productivity of the
verification process. Verilog HDL is still needed
to describe the design.

1 For very highspeed and timingritical circuits
like microprocessors, the gavel netlist
provided by logic synthesis tools is not optimal.
In such cases, designers often mix datel
description directly into the RTL description to
achieve optimum results. This practice is opposite
to the highlevel design paradigm, yet it is
frequently used for higepeed designs because
designers need to squeeze the last bit of timing out
of circuits, and EDA tools sometimes prove to be
insufficient to achieve the desired results.

1 Another technique that is used for systiewvel
design is a mixed bottomp methodology where
the designers use either existing Verilog HDL
modules, basic building blosk or vendor
supplied core blocks to quickly bring up their
system simulation. This is done to reduce
development costs and compress design
schedules. For example, consider a system that
has a CPU, graphics chip, I/O chip, and a system
bus.

1 The CPU desigers would build the next
generation CPU themselves at an RTL level, but
they would use behavioral models for the graphics
chip and the 1/0O chip and would buy a vendor
supplied model for the system bus. Thus, the
systemlevel simulation for the CPU couldehup
and running very quickly and long before the RTL
descriptions for the graphics chip and the I/O chip
are completed.

Typical Design Flow:

A typical design flow for designing VLSIC circuits
show the level of design representation shaded blocks
show processes in the design flowhe design flow
used by designers who use HDLs. In any design,
specifications are written first. Specifications describe
abstractly the functionality, interface, and overall
architecture of the digital circuit to be design&tthis
point, the architects do not need to think about how
they will implement this circuit. A behavioral
description is then created to analyze the design in
terms of functionality, performance, and compliance
to standards, and other hitgvel issuesBehavioral
descriptions are often written with HDLs. The
behavioral description is manually converted to an
RTL description in an HDL.
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Logic synthesis tools convert the RTL description to a
gatelevelnet list. A gatdevel net list is a description

of the circuit in terms of gates and connections
between them. Logic synthesis tools ensure that the
gatelevel net list meets timing, area, and power
specifications. The gatevel net list is input to an
Automatic Place and Route tool, which creates a
layout. The layout is verified and then fabricated on a
chip.

Thus, most digital design activity is concentrated on
manually optimizing the RTL description of the
circuit. After the RTL description is frozeBDA tools

are available to assist the designer in further processes.
Designing at the RTL level has shrunk the design cycle
times from years to a few months. It is also possible to
do many design iterations in a short period of time.
Behavioral synthesigools have begun to emerge
recently. These tools can create RTL descriptions from
a behavioral or algorithmic description of the circuit.
As these tools mature, digital circuit design will
become similar to higkevel computer programming.
Designers will Bnply implement the algorithm in an
HDL at a very abstract level. EDA tools will help the
designer convert the behavioral description to a final
IC chip.

It is important to note that, although EDA tools are
available to automate the processes and cugualesi
cycle times, the designer is still the person who
controls how the tool will perform. EDA toolseaalso
susceptible to the "GlIGOGarbage In Garbage Out"
phenomenon. If used improperly, EDA tools will lead
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to inefficient designs. Thus, the designdli seeds to
understand the nuances of design methodologies,
using EDA tools to obtain an optimized design.

V. PROPOSED REUSED VLSI
ARCHITECTURE OF FMO/MANCHESTER
FULLY ENCODING USING SOLS TECHNIQUE
FOR DSRC APPLICATIONS

DSRC and WAFi

We use DSRC instal of wifi since DSRC is

preferred over WFi because the proliferation of Wi

Fi handheld and handfee devices that occupy the

2.4 GHz and 5 GHz bands, along with the projected

increase in Wi hot spots and wireless mesh

extensions, could cause irgchble and uncontrollable
levels of interference that could hamper the reliability
and effectiveness of active safety applications.

DSRC was developed with a primary goal of enabling

vehicular safety applications. DSRC is the only short

range wireless altaative today that provides:

1 Fast Network Acquisition: Active safety
applications require immediate establishment of
communication.

1 Low Latency: Active safety applications must
execute in the smallest amount of time possible.

1 High Reliability when Required: Active safety
applications require high level of link reliability.

9 Priority for Safety Applications: Safety
applications on DSRC are given priority over
non-safety applications.

1 Interoperability: DSRC ensures interopaitiy,
which is the key to successful deployment of
active safety applications.

1 Security and Privacy: DSRC provides safety
message authentication and privacy.

The normal WAFi means of recognizing nearby
stations and associating with them (establiglanink
between two or more devices) cannot be used for
active safety applications because it can take multiple
seconds to complete this association. Active safety
applications require immediate establishment of
communication. Several changes from the idas
technology (WiFi) were required to achieve this goal.
The most significant change is to accommodate an
extremely short time in which devices must recognize
each other and transmit messages to each other. A
large number of these safety applications nequ
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response times measured in milliseconds. For this

reason, the periodic transmission of safety messages is

used so that vehicles receiving the safety messages can
immediately determine if they should respond or not.

DSRC is similar to IEEE 802.11a,@¢t for the major

differences summarized below:

1 Operating Frequency Band: DSRC is targeted to
operate in a 75 MHz licensed spectrum around 5.9
GHz, as opposed to IEEE 802.11a that is allowed
to utilize only the unlicensed portions in the
frequency band.

1 Application Environment: DSRC is meant for
outdoor highspeed vehicle (up to 120 mph)
applications, as opposed to IEEE 802.11a
originally designed for indoor WLAN (walking
speed) applications. In IEEE 802.11a, all PHY
parameters are optimized for the d@od low
mobility propagation environment.

1 MAC Layer: The DSRC band plan consists of
seven channels that include one control channel.
It can support a large family of vehicular safety
and nonrsafety applications.

9 Safety Priority: Prioritizing safety oveonsafety
applications is not part of IEEE 802.11a.

Physical Layer:

The bandwidth of each DSRC channel is 10 MHz, as
opposed to the 20 MHz IEEE 802.11a channel
bandwidth. This brings better wireless channel
propagation with respect to mufiath delayspread

and Doppler effects caused by high mobility and
roadway environments. Thus, the DSRC system plays
an important role in modern automobile industry.

The DSRC standards have been established by several
organizations in different countries. These OISR
standards of America, Europe, and Japan are shown in
Table I. The data rate individually targets at 500 kb/s,
4 Mb/s, and 27 Mb/s with carrier frequency of 5.8 and
5.9 GHz. The modulation methods incorporate
amplitude shift keying, phase shift keying, dan
orthogonal  frequency division  multiplexing.
Generally, the waveform of transmitted signal is
expected to have zero mean for robustness issue, and
this is also referred to as-th@lance. The transmitted
signal consists of arbitrary binary sequence, wich
difficult to obtain debalance. Theurposes of FMO
and Manchester codes can provide the transmitted
signal with debalance. Both FMO and Manchester
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codes are widely adopted in encoding for downlink.
Digital data to analog signals

A modem (modulatedemodulator) converts digital
data to analog signal. There are 3 ways to modulate a
digital signal on an analog carrier signal.

Amplitude shift keying (ASK): is a form of
modulation which represents digital data as variations
in the amplitude of a carriewave. Two different

amplitudes of carrier frequency represent '0', '1
2at

Wi
I

Frequency shift keying (FSK): In Frequency Shift
Keying, the change in frequency define different

digits. Two different frequencies near carrier
frequency represent '0' ,"1".

1

.

] = TIME

I'r'l If" |I |1 |||I i“
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Phase shift keying (PSK): The phase of the carrier is
discretely varied in relation either to a reference phase
or to the phase of the immediately preceding signal
element, in accordance with data being transmitted.
Phase of carrier signal is shifted tonmegent '0', '1'
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Digital data to digital signals:

A digital signal is sequence of discretiscontinuous
voltage pulses. Each pulses a signal element. Encoding
scheme is an important factor in how successfully the
receiver interprets the incoming signal.

Encoding Techniques:

Following are several wayto map data bits to signal

elements.

1 Non return to zero(NRZ) NRZ codes share the
property that voltage level is constant during a bit
interval. High level voltage = bit 1 and Low level
voltage = bit 0. A problem arises when there is a
long sequence dfs or 1s and the volatage level is
maintained at the same value for a long time. This
creates a problem on the recieving end because
now, the clock synchronization is lost due to lack
of any transitions and hence, it is difficult to
determine the exact ndrar of Os or 1s in this

seqguence.
1 a a a a a 1

Douring this 'mun’ of (0's, there e to observable hit boundaries

NFZ | g i ciffient or the receiver o cistinguish one O from anotter.

The two variations are as follows:

1. NRZ-Level: In NRZL encoding, the polarity of
the signal changes only when the incoming signal
changesfromaltoaOorfromaOtoal. NRZ
method looks just like the NRZ niedd, except
for the first input one data bit. This is because
NRZ does not consider the first data bit to be a
polarity change, where NRE does.

2. NRZ-Inverted: Transition at the beginning of bit
interval = bit 1 and No Transition at beginning of
bit interval = bit O or vicecersa. This technique is
known as differential encoding.

NRZ-1 has an advantage over NRZ Consider the
situation when two data wires are wrongly connected
in each other's place.In NRZall bit sequences will
get reversed (B'coz lage levels get
swapped).Whereas in NAKsince bits are recognized
by transition the bits will be correctly interpreted. A
disadvantage in NRZ codes is that a string of O's or 1's
will prevent synchronization of transmitter clock with
receiver clock andh separate clock line need to be
provided.
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EPROECT EXECUTIONPROGRAM EXECUTION vilhru i - Reonw (RTL1

Biphase encoding: It has following characteristics:

1. Modulation rate twice that of NRZ and bandwidth [T
correspondingly greater. (Modulation is the rate at . tconv
which signal level is changed). ‘

2. Because there @edictable transition during each
bit time,the receiver can synchronize on that
transition i.e. clock is extracted from the signal “ tconv
itself. ‘

3. Since there can be transition at the beginning as
well as in the middle of the bit interval the clock -
operates ttwice the data transfer rate. R e e |

‘ t

4

-

Types of Encoding-> Fig:1: The Technological Optimized view of the

0 Biphasemanchester: Transition from high to low synsthesized Design

in middle of interval = 1 and Transition from low
to high in middle of interval = 0

o Differentiakmanchester: Always a transition in
middle of interval No transition at beginning of
interval=1 and Transition at beginning of interval
=0
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4B/5B Encoding In Manchesterencoding scheme
there is a transition after every bit. It means that we
must have clocks with double the speed to send same
amount ofdata as in NRZ encodings. In other words,
we may say that only 50% of the data is sent. This
performance factor can be significantly improved if
we use a better encoding scheme. This scheme may
have a transition after fixed number of bits instead of
everyother bit. Like if we have a transition after every
four bits, then we will be sending 80% data of actual
capacity. This is a significant improvement in the
performance.

V. SIMULATION TOOLS

Schematic View:
The Technological Optimized view of t&gnthesized
Design
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