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Abstract: An intelligent transportation system (ITS)
is a technology, a platform or application that
efficiently improves the quality of vehicle
transportation. To promote the intelligent
transportation system into our daily life, we can
make wuse of the dedicated short range
Communication (DSRC) technique in to the field of
automobile industries. The FMO and Manchester
codes are used to reach the dc-balance in dedicated
short range communication systems. The diversity
between the FMO and Manchester codes seriously
limits the area utilization and power consumption. In
proposed system SOLS technique is used to
overcome this limitation. In this Project, an efficient
DSRC encoder and decoder is proposed with ASK
modulator with minimum area utilization with the
help of similarity oriented logic simplification
technique.
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I. INTRODUCTION

The dedicated short-range communication
(DSRC) is a protocol specially designed for the
intelligent transportation system, in which the
communication between each and every vehicles
may be one way or two way communication. The
DSRC consist of both vehicle to Vehicle (v2v)
communication as well as vehicle to roadside
infrastructure (v2r) communication. The vehicle to
vehicle communication mainly deals with the
forward collision warning, emergency electronic
break light, blind spot or lane change warning, do
not pass warning etc. At the same time the vehicle to
infrastructure communication includes the Electronic
Toll Collection (ETC), curve speed warning, red
light violation warning, spot weather information
warning, reduced speed zone warning, stop sigh gap
assistance etc.

The DSRC transmission system architecture
consists of three modules. For the transmission and
reception of data, the RF front end can be used. The
overall system process controlling and task

scheduling is done with the help of a microprocessor.

The main part of the DSRC transceiver is the
baseband processing. The major function of the base
band processing includes modulation, error

correction, clock synchronization, and encoding or
decoding. When the channel is in idle condition,
there may be the chance of occurrence of noise. This
chance will reduce with the help of FMO or
Manchester encoding technique.
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Fig. 1 System architecture of DSRC transceiver

The hardware usage become more and this will
affects the performance of the proposed system if we
implement the design for FMO and Manchester
encoder separately. So to improve the hardware
utilization ratio of the system, a new architecture is
proposed through this project called the Similarity
Oriented Logic Simplification (SOLS). This
technique also improves the performance and area
utilization.

Several organizations in different countries have
been developed this system. The DSRC standards of
America, Europe, and Japan are shown in Table I.

The carrier frequency of 5.8 and 5.9 GHz
individually targets the data rate of 500 kb/s, 4 Mb/s,
and 27 Mb/s in various countries , here the most
common modulation technique is Amplitude Shift
Keying and the encoding technique is Manchester or
FMO encoding.
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TABLE |
PROFILE OF DSRC STANDARDS FOR AMERICA, EUROPE, AND
JAPAN

Europe | America Japan
Organisation | CEN! ASTM? ARIB®
Data Rate 500 27 Mbps 4 Mbps

kbps
Carrier 5.8 GHz | 5.9 GHz 5.8 GHz
Frequency
Modulation | ASK, OFDM ASK

PSK
Encoding FMO Manchester | Manchester
(Downlink)

It is difficult to obtain dc-balance for the
transmitted binary signals. The purposes of FMO and
Manchester codes are to provide the transmitted
signal with dc-balance.

Il. RELATED WORKS

In this section, the previous works related to the
DSRC transceiver is mentioned.

Yu-Cherng Hung et al. [6] proposed a High-
Speed CMOS Chip Design for Manchester and
Miller Encoder. The main concept behind this work
is parallel operation to improve data throughput and
also the technique of hardware sharing is adopted in
this design to reduce the number of transistors.

P, Benabe et al.[4] presented a Manchester code
generator running at 1 ghz. This design uses 32
transistors and the design complexity is same as that
of the D flip flop. The major advantage of this
design is the clock frequency is same as the
frequency of data. It is intended to be used in a
complex optical communication system.

Daniel jiang et al. [3] proposed the design of 5.9
GHz dedicated short range communication based
vehicular safety communication. In the DSRC based
intelligent transportation system, each and every
vehicles continuously send the data to another
vehicle or road side infrastructure. Therefore,
channel congestion control is particular concern and
also need to improve the broadcast system.
Therefore a concurrent multichannel operational
scheme is needed.

111.FMO0 AND MANCHESTER ENCODING
TECHNIQUE

Both the Manchester and FMO encoding
techniques are used in this multimode encoder. The
input data and the clock signal and are abbreviated
in the following section as X and CLK respectively.

A. Manchester Encoding

The output expression of a Manchester encoder
can derive as follows

X @ CLK 1)
The figure 2 shows the design of a simple
Manchester encoder using XOR gate with X and
CLK as the input and CODE as the output.
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Fig.2 Manchester encoding (a) Example of
Manchester coding (b) Realisation of Manchester
coding

B. FMO0 Encoding

Title For the illustration of FMO coding, we can
consider a single clock signal. Split the clock signal
as former half cycle CLK,A and later half cycle
CLK,B. FMO coding is based on the following set of
rules.

1) The fmO signal shows a transition between the
former and later half cycle A and B if X is at logic-0 .

2) The fm0 signal do not show any transition
between the former and later half cycle A and B if X
is at logic-1 .

3) A transition must be allocated between each
clock cycles without considering the value of X.

So according to the above set of rules, we can
design the fmO encoder as shown below.

i1 123133141415
CLK—I_
£ .0.131.0.1.
2 | T Ny

Fig.3 Example of FMO coding

The finite state machine representation of the
FMO code is illustated below . Before that, we can
go through the state definition.
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Fig.4 State definition of FMO code

Figure 4 shows four states s1=11, s2=10, s3=01,
s4=00. These four states follow the 3 rules as
mentioned above.

From the state definition we get the current and
previous states clearly and we can easily create the
FSM as shown in figure 5.

State code State code

State code
00 01

Fig.5 FSM representation of FMO coding.

State code

TABLE Il
TRANSITION TABLE OF FMO

A(t) =B(t—1) @)

With both A(t) and B(t), the Boolean function of
FMO code is denoted as

CLK A(t) + CLK B(t) 4)

Then FMO and Manchester encoders are
implemented by using equation (1) and (4) as shown
in Fig. 6.

: MANOHIETIR (006

Fig. 6. Hardware architecture of FMO and
Manchester encodings.

According to equation (1), Manchester encoder
can be implemented simply by using only one X-OR
gate. In the fmO logic, two D flip flops namely DFF
A and DFF B are needed for storing the FMO state
code. MUX-1 will either pass A(t) or B(t) here the
control signal is CLK. By using equation (2) and (3),
A(t) and B(t) can be implemented easily. There is an
input signal called Mode, used for determining the
mode of the multimode encoder. The encoder act as
FMO encoder for Mode = 0 and Manchester
encoder for Mode = 1. We can calculate the
hardware utilization rate (HUR) as

Active Components

HUR=

x 100% (5)

The active component means the components that
are active for the working of either FMO or
Manchester encoder. The total components are the
total number of components involved in both the
encoding schemes.

Total Components

TABLE 11
HUR oF FM0 AND MANCHESTER ENCODING

Previous State Current State
A(t-1) B(t-1) A(t) B(t)
X=0 X=1 X=0 | X=1
1 1 0 0 1 0
1 0 1 1 0 1
0 1 0 0 1 0
0 0 1 1 0 1

From the transition table, we get the Boolean
functions for both the current states A(t) and B(t) as

coding Active components/ HUR
Total componenets
FMO 6/7 85.71%
Manchester 217 28.57%
Average 4/7 57.14%
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IV. SIMILARITY ORIENTED LOGIC
SIMPLIFICATION TECHNIQUE IN FMO0 AND
MANCHESTER ENCODER

The main purpose of similarity oriented logic
simplification (SOLS) technique is to design a fully
reused VLSI architecture for FMO and Manchester
encodings. This technique can be divided in to two
parts. First one is area compact retiming and another
one is balance logic operation sharing.

1) Area Compact Retiming: The logic design
shown in figure 7(a) is the simplified form of the
fmO part we already discussed in figure 6 in which x
is eliminated for the concise representation of the
diagram. According to equation (2) and 3, it is clear
that the FMO encoder only require DFF B to store
the previous state B(t-1). So we can directly remove
the DFF A from the design, but it cause some non
synchronization in our design between A(t) and B(t)
causes the logic fault of FMO code.

Logic for DFFy X
B(t)
4 D Q )
ux 1 s FMO
1 . code
Logic for DFF, | ¢
7 A fo7's
-4 D Q

Logic for
¢ o N
B(t) DFFa CILK
D Q
Logic for
el
At CLK FMO code

h

Fig. 7. Illustration of area-compact retiming on
FMO encoding architecture. (a) FMO encoding
without area-compact retiming. (b) FMO encoding
with area-compact retiming.

This logic fault can be eliminated by shifting the
DFFB just after the muxl where the DFFB is
assumed to be positive-edge triggered. Now either
A(t) or B(t) is alternatively pass throw the mux-1
with the control signal CLK. The timing diagram
remains same even if we relocate DFF B or not as
shown in figure 8.

— pcdate Q of DFF 5 without the relocation of DFF
-—) Update Q of DI'N 5 with the relocabon of DFF 4

Fig. 8. Timing diagram of area-compact
retiming for FMO encoding.

TABLE IVV
TRANSISTOR COUNT OF FMO ENCODING ARCHITECTURE
WITH AREA COMPACT RETIMING

Without area With area
compact retiming | compact retiming
PMOS 36 25
NMOS 36 25
Total 72 50

If the above design is implemented with logic-
family of static CMOS, the total transistor count is
shown in Table IV. The total transistor count
without area compact retiming is 72 but if we apply
the area compact retiming, the total transistor count
reduced to 50.

2) Balance Logic-Operation Sharing:  The
Manchester encoder need only one xor gate for
implementation.

X @CLK=XCLK+ XCLK (6)
But the same function can be implemented using

a multiplexer so that we can easily integrate X and X
with A(t) and B(t) according to equation (4) and (6).
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Fig. 9 Concept of balance logic-operation sharing
for FMO and  Manchester  encodings.
(@) Manchester encoding in  multiplexer.
(b) Combines the logic operations of Manchester
and FMO encodings.

Logic for |
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Fig. 10. Balance logic-operation sharing of A(t)
and X.

Next we can implement logic for B(t)/x and
A(t)/X separately. The logic for A(t)/X is shown in
Fig. 10. According to equation (2), A(t) is the
inverted version of B(t-1). And x'is also obtained
from the output of hthe inverter if its input is x. The
logic for both A(t) and X' share the same inverter
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and the same multiplexer. So logic operation sharing
become balanced here.

Logic ford -1
B(t)fX‘ ! Mode

Reused with DFFg
from retiming
technique

)XoR>-> B(t)/ X

CLK
DFFs

D Q

B(t-1)
CLR
(c)

Fig. 11. Balance logic-operation sharing of B(t)
and X. (a) Without the XOR sharing. (b) With XOR
sharing. (c) Sharing of the reused DFFB from area-
compact retiming technique.

The same idea can be also adopted to the logic for
B(t)/X, as shown in Fig. 11(a). the logic is directly
implemented according to equation (3) for B(t) and x
can be directly pass through the mux. But the main
disadvantage of this logic is that, the xor gate is only
the part of FMO encoding but is not shared with
Manchester coding technique. Therefore the
hardware utilization ratio is again become limited in
this case. So to improve the HUR, we can interpret
x as x xor 0. Now the xor gate shifter right to the
multiplexer as shown in Fig. 11(b), where the
multiplexer is responsible to switch the operands of
B(t-1) and logic-0. In this architecture, both x and
B(t) shares a common xor gate so HUR increases.
Again improve the hardware utilization ratio by
replacing the multiplexer with DFF B. so the number
of components again reduces and the remaining
components will share both fm0 and Manchester
encoding. In DFF B one inpit signal is B(t-1) and
instead of the input zero, CLR signal is used. Now
the HUR become 100 % .

The  proposed  VLSI architecture  of
FMO0/Manchester encoding using SOLS technique is
shown in Fig. 12(a). If mode is 0 and CLR is 1, the
encoder act as FMO encoder and if mode is 1 and
CLR is 0, the encoder act as Manchester encoder.

The computation time for both xor gate and mux2

are same. However, the logic for A(t)/ X further
incorporates an inverter in the series of MUX—-2.
This make an unbalance computation time between

logic for A(t)/X and B(t)/X results in the glitch to
MUX-1, possibly causing the logic-fault on coding.
To eliminate this unbalance computation time, the
architecture of the balance computation time
between A(t)/X and B(t)/X is just changed as shown
in Fig. 12(b).
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Fig. 12. VLSI architecture of FMO and
Manchester encodings using SOLS technique.(a)

Unbalance computation time between A(t)/ X and
B(t)/X. (b) Balance computation time between A(t)/X
and B(t)/X.

The XOR in the logic for B(t)/X is changed into
the XNOR, and the inverter in the logic is shifted
just after the mux1. Now, the logic computation time

between both the logic for A(t)/X and B(t)/X is
become balanced. The multimode encoder will work
according to the mode and CLR signals.

V. ASK MODULATOR

Amplitude shift keying is one type of the
amplitude modulation in which the amplitude of the
signal changes in accordance with the amplitude of a
carrier wave without changing the phase or
frequency of the signal. After the encoding purpose
the signal given to the ask modulator. The main
advantage of Both ASK modulation and
demodulation processes is relatively inexpensive.
This type of modulation technique is very simple
and transmitter current is lower than FSK.
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VI. ERROR
CORRECTION

In between source and destination there may be a
chance of noise in the communication channel. This
noise can make changes in the original information.
In this project, hamming code is used for error
detection and correction purpose. To find out the
errors and correction we need some extra bits called
redundancy bits. Equation for generating redundancy
bit is

2hr>=D+r+1 @)

Here r = number of redundancy bit

D = number of information data bit

There for to send a 25 bit information we need
minimum 5 redundancy bits.

Calculating the redundancy bit by using the
following formulas.

r(1)=1,2,4,57911,12,14,16,18,20,22,24.

r2)=1,3,4,6,7,10,11,13,14,17,18,21,22,25

r(4) =2,3,4,8,9,10,11,15,16,17,18,23,24,25

r(8) =5,6,7,8,9,10,11,19,20,21,22,23,24,25

r(16)=12,13,14,15,16,17,18,19,20,21,22,23,24,25

Then place the redundancy bit in appropriate
position and send it to the receiver. At the receiving
end, the error can be detected using the following
formula.

Err_add(1) = 1,3,5,7,11,13,15,17,19,21,23,27,29

Err_add(2)=2,3,6,7,10,11,14,15,18,19,22,23,26,
27,30

Err_add(3)=4,5,6,7,12,13,14,15,20,21,22,23,28,

29,30

Err_add(4)=8,9,10,11,12,13,14,15,24,25,26,27,28
29,30

Err_add(5)=16,17,18,19,20,21,22,23,24,25,26,27,
28,29,30

Now we get an error value which gives the exact
position of the error. Now we can just toggle the
value for correcting the error.

DETECTION AND

VII. RESULTS AND DISCUSSION

A DSRC transceiver with multimode encoder
using SOLS technique is written in verilog
language and compiled and simulated using
modelsim. The circuit simulated and synthesized. An
error correction technique is also included in this
project with the help of hamming code and
implemented the design in FPGA hardware.

VIIl. CONCLUSIONS

Combining both fm0 and Manchester encoding
schemes enable the usage of the DSRC system in
different countries. But the diversity between the
Manchester and fmO coding will limit the hardware

utilization ratio. In this paper, the fully reused VLSI
architecture using SOLS technique for both FMO
and Manchester encodings is proposed. The
similarity oriented logic simplification technique
eliminates the limitation on hardware utilization by
two main ideas: area compact retiming and balance
logic operation sharing. After applying the SOLS
technique, the design can achieve 100% HUR.
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