Juni Khyat
(UGC Care Group I Listed Journal)

ISSN: 2278-4632

Vol-12 Issue-12 No.02, December 2022

AN EFFICIENT DESIGN AND IMPLEMENTATION OF TURBO
ENCODER MODULE FOR IN-VEHICLE SYSTEM

M. Ramesh Naidu?, Y. Nirmala? C. Karishma®

1 Associate Professor, 2 Associate Professor, 2 Assistant Professor, ECE Department, Anantha Lakshmi Institute of

Technology and Sciences, Ananthapuramu, Andhra Pradesh, India.

ABSTRACT--This paper studies design
and implementation of the Turbo encoder
to be an embedded module in the in-vehicle
system (IVS) chip. Field programmable
gate array (FPGA) is employed to develop
the Turbo encoder module. Both serial and
parallel computations for the encoding
technique are studied. The two design
methods are presented and analyzed.
Developing the parallel computation
method, it is shown that both chip size and
processing time are improved. The logic
utilization is enhanced by 73% and the
processing time is reduced by 58%. The
Turbo encoder module is designed,
simulated, and synthesized using Xilinx
tools. Xilinx Zyng-7000 is employed as an
FPGA device to implement the developed
module. The Turbo encoder module is
designed to be a part of the IVS chip on a
single programmable device.

1.INTRODUCTION

The European emergency call (eCall)
system is a telematics system designed to
save more lives in vehicle accidents. It is a
governmental mandatory system that is to be
implemented by March 2018 [1][2]. The EU

eCall system provides an immediate voice
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and data channel between the vehicles and
an emergency center after car accidents. The
data channel provides the emergency center

with the necessary data for emergency aids.

The EU eCall system main parts
includes the in-vehicle system (IVS), the
public safety answering point (PSAP), a
cellular communication channel. The VS
activates the data channel automatically
when a car accident occurs. The IVS collects
the minimum set of data (MSD) that
includes GPS coordinates, the VIN number,
and all required data for an emergency aid.
It sends the MSD to the closest PSAP
through a cellular channel in up to 4 seconds
[1]. The PSAP sends the emergency team to

the location of the accidents.

The IVS modem employs multiple
modules for the MSD signal processing. The
modules of the IVS are shown in Figure 1.
The IVS employs a Turbo encoder as a
forward error correcting (FEC) [1]. The
Turbo encoder implements the digital data
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encoding technique in data transmissions.
Turbo coding is one of the most popular and
efficient coding technique to improve bit
error rate (BER) in digital communications
[3] [4]. The cyclic redundancy check (CRC)
[5], the modulator [6] , the demodulator-
decoder [7] modules are projected and
implemented on an FPGA device. They are
developed to be embedded modules of the
IVS chip.
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Fig. I: The IVS block diagram.

This work studies the hardware
development of the Turbo encoder. It
employs FPGA technologies to develop the
Turbo encoder to be an embedded module in
the IVS modem. It discusses serial and
parallel computation techniques for the
Turbo encoder. It does not only design and
implement the Turbo encoder module, but
also proposes a better solution for the turbo
encoder implementation. The improvement
of the chip size and processing time are
exhibited by developing the parallel
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computation technique for the Turbo
encoder.
Turbo Encoder Module

The turbo encoder technique is one
of the most powerful FEC techniques in
digital communication [8]. The IVS employs
a Turbo encoder module with 1=3 code rate.
The Turbo encoder functionalities are
detailed in the third generation partnership
project (3GPP) standards. The 3GPP Turbo
encoder is illustrated in Figure 2 [8]. The
input signal of the turbo encodes is the MSD
data appended with the CRC parity bits in
binary. The block length of the MSD data is
1148 bits. The output of the module is the
MSD encoded data in binary. Implementing
the turbo coding technique with 1=3 coding
rate and thrills bits, the length of the output
is 3456 bits. The thrills structure has an
impact of the Turbo encoder [9].

The Turbo encoder employs a
parallel concatenated convolutional code
(PCCC). The PCCC uses two constituent
encoders with eight states as it is shown in
Figure 2. The initial status of the register are
zeros. The first constituent takes the MSD
bits and implements the employed
convolution technique. It takes one bit at a
time and generates one bit of parityl bits.
The second constituent implements an

identical technique of the first constituent,
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but it calls for the MSD bit after they are
interleaved with a 3GPP  designed

interleaver technique [8].

«««««

Fig. 2: The structure of the Turbo encoder.

The length of the input data, parityl,
and parity2 are 1148 bits. There are 12 bits
of the tail bits. They are driven from the
shift register feedback. The tail bits are
applied for end points between the encoded
data blocks. The output structure of the
Turbo encoder is illustrated in Figure 3.
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Fig, 3 The output buffer of the Turbo encoder.

Interleaver
Denote the transfer function of the

employed PCCC as:

-39

where
gD)=1+D*+D?

gD)=1+D+D?
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And denote the input bits to the encoder as
x1; x2; :::; XK, the output of the inter leaver
as X%; x%; :::; X%, and the output bits of the
first and second constituents as z1; z2; :::;
zK and z%; 2°%; ::1; 2%, respectively; where
K is the number of input bits to the Turbo
encoder.

The encoder output is expressed as:

{0) _ (1), = (2) _ o
di’ =g, dg’ = 2.y’ =2k

where K=0; 1; :::;K 1.

The three code blocks of the output,
d(0) K, d(1) K, and d(2) K are separated by
trellis bits. The trellis bits are generated
from the tail bits of the shift registers after
encoding of all the input bits. In figure 2,
when the upper switch is lowered and the
second constituent is disabled, the three tail
bits are wused to terminate the first
constituent. The output bits of the Turbo
encoder, including the trellis bits can be
expressed as:

{0)

(0) _ o (0) _ o
dK —IK, dK'il — <K +1 d IK‘ dk-'s

K+2 —

(i _ (- _ o gt
di’' =2k, iy = T4, Gicsn = 2k, dkya = Tk

d}?] =-'l'x—1~d'j§:3rl = 1x—ﬂ~d'j-§3r1 = i“;r-rdﬂz =Zk4a
where K=0; 1; ::;;K 1.
The internal inter leaver of the 3GPP
Turbo encoder is designed to generate a
systematic relationship between xx and x° |

for any 40 < K <5114 [8]. There is a
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specific approach to design an internal inter
leaver for the employed Turbo encoder that
is detailed in [8]. This work employs the
3GPP standard approach to design the
internal inter leaver for the employed Turbo

encoder.

2.LITERATURE SURVEY

A.Saleem et at. “Four-Dimensional Trellis
Coded Modulation for Flexible Optical
Communications,”[3] We experimentally
investigate four-dimensional (4-D) Trellis
(TCM) based on

polarization division multiplexed (PDM)

coded modulation

16-ary quadrature amplitude modulation
(QAM), PDM-32QAM and PDM-64QAM
formats. A multi-rate optical transponder is
enabled by only a single encoder/decoder
structure. The scheme is resilient to cycle-
slip events due to its 90° phase rotation
property. In addition, the
performance of 4-D turbo TCM (TTCM) is

investigated. The superior performance of

invariant

TTCM over TCM is experimentally
validated. Furthermore, the performance of
4-D TCM/TTCM is compared with
standard PDM-mQAM formats combined
with soft-decision (SD) forward error
correction (FEC) codes. It is shown that 4-D
TCM concatenated with a low complexity
hard-decision (HD) FEC could be an

Page | 247

ISSN: 2278-4632
Vol-12 Issue-12 No.02, December 2022

interesting candidate for complexity-

performance trade-off with SD-FEC.

The rapid growth in metro traffic would
necissitate the development of elastic and
cost-efficient optical transponders [1, 2].
To this end, coded modulations combined
with simple forward error correction (FEC)
code are considered as a potential candidate
to address these requirements [3]. Recently,
four-dimensional (4-D) Trellis coded
modulation (TCM) based on polarization-
division multiplexed (PDM) quadrature
phase-shift keying (QPSK) and 16-ary
(16QAM)  was
demonstrated [4, 5], providing spectral
efficiencies  (SEs) of 15 and
3.5bits/symbol/polarization,

quadrature  amplitude

respectively.
SE=2.5

bits/symbol/polarization was realized in

An additional value  of

[4]. However, a different encoder structure
was required to achieve such tuning. In
addition, the reported scheme does not
exploit the possible rotational invariance of
multi-dimensional TCM for cycle slip
tolerance. In order to enhance the coding
gain achieved by TCM and inspired by the
turbo code principle, the iterative decoding
technique was applied with TCM as
constituent codes and is referred to as turbo
TCM (TTCM) [7]. The TTCM scheme

performs within 1 dB from the Shannon
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limit at BER levels of 10-4 to 10-5 [7]. In
optical ~ transmission
performance of TTCM using a 2-D 8PSK
as base constellation was evaluated [8].

systems,  the

Sensitivity gains of 2.8 dB and 3.8 dB were
reported for TTCM compared with QPSK
at hard-decision (HD-) FEC limit for back-
to-back (b2b) and after 1000 km

transmission, respectively.

3.PROPOSED WORK

FPGA technologies are employed to
develop and implement the designed Turbo
encoder module. The register transfer level
(RTL) of the module is developed in Verilog
HDL. There are multiple registers defined

for the input, output, and necessary

parameters to implement the Turbo
encoding technique. This work studies two
methods to execute the encoding, which are
serial computation and parallel computation.
The serial computation method
processes one bit in one clock cycle. It reads
the input data of the MSD, builds the input
and output registers, and calculates the
parityl, parity2, and the tail bits in a serial
process. After performing the encoding, it
generates the output bits. Although the
method is designed and implemented, it is
noted that there is a long processing time
that can be overlapped with the other
processes in the module. Figure 4 shows the
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pseudocode of the serial computation of the
Turbo encoder module. The parallel
computing technique is employed to develop
the Turbo encoder in Verilog. There are
many processes in the serial computation
technique that are overlapped by using
parallel computing technique. There are two
functions developed in the parallel Turbo
encoder. The two functions implements
almost all the processing time of the
encoding technique. The Turbo encoding
technique needs the MSD data as a whole
package to implement the encoding. Figure
5 shows the pseudocode of the implemented
parallel technique for the Turbo encoder.
Both Pseudocodes of the serial and parallel
computing techniques are designed in
Verilog and implemented on an FPGA

device.

e CO0a Toe Serial € tation of Twrbo encoder
sffoas

Read NGO input data|
H (repeatt & dore)
rapeat? (1149 {
Build outpirt rege

if [repeat is cone)
repeat3 (1138) {
Peocess Party 1 bits; |
¥ frepeat s done)
Repeata (3) [

Process ptadl bRy, |
¥ jrepests 15 cone|
Repeats (1148
Process Party2 bty |
if [repaats is cons)
Repeatt|s )|
Process tad2 bits;
Process prall bas; |
IF [repeats (5 Cone}
Repaat?|2456) |
Gonerate output bits  §
end end
endmodule

Fig. 4 The pseudocode for serial computation of the Turbo

encoder.
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The processing time of the Turbo encoder
module (in clock cycles) is denoted by Ts
for the serial computation and by Tp for the
parallel technique, one has,

Ta =T+ .Tb + .Tparlryl + Tmi“ + Tpanly‘] + ‘thu'm + ‘Tu.' (6
T, = 1148 + 1148 -+ 1148 + 3 4 1148 4 3 4 3456 = 8054

where Tr is the time for reading the 1148
bits of the MSD, Tb is the processing time to
build the output register, Tparitl is the time
of processing parity bits, Ttail is the time of
processing tail bits, and Tw is the time of
generating output bits.

The serial computation method
processes one bit in one clock cycle. It reads
the input data of the MSD, builds the input
and output registers, and calculates the
parityl, parity2, and the tail bits in a serial
process.

Note that the Tr +Th +Tparityl +Ttaill
+Tparity2 +Ttail2 are processed in one
clock cycle in the parallel computing

technique.
Tp=14Tg = 143456 = 457 )
Then one has,
T,= 0411, (8

Eq. 8 reveals that the parallel computing can
improve the proceeding time of the Turbo
encoder by 58%.
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A. Simulation and Verification

Xilinx tools are utilized to simulate the
developed modules. A test bench is designed

to simulate the Turbo encoder.

Psuducode code fer Paralll Computation of Tutho encodie
madak TURRG_ARALLEL { inputs, outpues;)
define REGIEERS and PARAMETERS)
Fanction [3435:0) codediSDL
input [L147:0) MSDdat&
begin
repeat! 11383) {
Bulld cutput regster for MEDirgut:
Build output register for Partyl)
BulM output reagster for Party2) )
I repeatt & dons)
regedtd (1143 [
aall CocdodMSD2 [coceciDl| |
wd
endfunction
banction [3425:0] codedM502
input [3455:0] codedts D1
begin
repaat3 (1143) |
Process Parkyd 2its; |
If [repest 1s done)
repeatd {3
Process Tl bty
Process padi bas; |
It (ropestd & dona)
repestt (1149 |
Process Party2 Sty |
If |repeats i cong)
1epeathis] |
Process tall2 ity
Process ptal2 bts; |
e
endfunction
abwiys | posadge dodk, poiedge reset)
tegin
i (rewet) cutput=0
sa begin
repeat? (1140] {
Read MSD gt daty |
I {repeats & dona) |
el CodedMSDI (MSDdatal )
Repeat? |348%0 |
Benoralo cutzut bis |
ond e
enchwadule

Fig. 5: The pseudocode for parallel computation of the Turbo
encoder.

Verilog HDL is employed to design the test
bench. There are two MSD data that are
simulated for each of the serial computation
and parallel computation of the Turbo

encoder. Figure 6 shows the simulation
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results for the serial computation of the
Turbo encoder module. The simulation
indicates that the structure output data is
correct. However, there is a long time that
can be overlapped, which is colored in red in

the output trace.

Fig. 7: The simulation result of the Turbo encoder with parallel
computation.

i =

Fig. 8 The logic utilization of the Turbo encoder with serial
computation.

Fig, 6: The simulation|result of the Turbo encoder with serial
computation.

Figure 7 shows the simulation result of the The impact of the parallel computation on

parallel computing technique. The module the logic utilization is shown in Figure 10.

starts o generate the output in the Note that the utilized flip flop and LUTSs are

beginning. Note that the MSD is encoded in

significantly  reduced  when  parallel

a shorter time compare with the serial computation is employed. The LUT

computation simulation.
This is the result of parallel
computing of multiple process in one clock

cycle.
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utilization is improved by 73% and the
flipflop utilization enhanced by 75%. It is
proven that the FPGA technologies strongly
supports parallel computation for the Turbo
encoder. By reducing the size of the Turbo

encoder module, the VS can be
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implemented on a single programmable chip

with less hardware constrains.

CONCLUSION

The Turbo encoder module is designed
and implemented to be an embedded
module in the IVS modem. FPGA
technologies are employed to develop the
Turbo encoder module. Xilinx tools and
Verilog HDL are employed to design and
simulate the module. Both serial and
parallel computation techniques are
studied for the encoding process. It is
shown that the parallel computation can
improve the chip size and processing
time of the module. Comparing with the
serial computation technique, the parallel
computation encoding, improves the
processing time by 58% and logic
utilization by 73%. The processing time
enhancement can be seen in both
simulation and analyzing the chip

processing.
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