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= ABSTRACT- In the context of data communication, encountering fading channels can lead to errors occurring at the
receiving end due to multipath propagation. To address this challenge, researchers have persistently worked towards developing
Error Correction Schemes that effectively manage these errors and guarantee error-free data reception for the receiver. One area of
focus lies in the implementation of Forward Error Correction Schemes directly at the transmitter end. Nonetheless, integrating error
correction coding using these schemes comes with the drawback of increased bandwidth requirements since additional bits must be
included to facilitate error correction. Fortunately, there exists a coding scheme known as Trellis Coded Modulation (TCM), which
specifically tackles this concern. In the case of TCM, the modulation scheme has been chosen based on the rate of the convolutional
coding scheme. Nevertheless, TCM has certain limitations when it comes to correcting a high number of errors, which prompted
the emergence of Turbo Coding. Turbo Coding employs two coders at the transmitter, arranged either in a serial or parallel
configuration, along with an appropriate decoder at the receiver. This paper introduces a Turbo Coding scheme design utilizing
convolutional coders with a rate of 2/3, arranged in a serially concatenated configuration, resulting in an effective rate of 4/9. For
preserving bandwidth, the Turbo Coding is applied to TCM scheme. Consequently, when employing the convolutional coding
scheme with a rate of 2/3, the modulation scheme has to be 8-QAM. However, to maintain bandwidth after coding, when utilizing
the Turbo coding scheme with a rate of 4/9, the modulation scheme is upgraded to 512-QAM. MATLAB simulations were conducted
to evaluate the error correcting capabilities of the designed scheme compared to the convolutional coding scheme that uses the
constituent convolutional encoder. The comparison has also been made with the uncoded data communication utilizing simple
QPSK modulation scheme. The results indicate that under Rician fading channel conditions, the Turbo Trellis Coding Modulation
Scheme provides an approximate gain of 5 dB compared to the convolutional coding scheme and approximately 8 dB gain compared
to uncoded one.
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communication, but this requirement also exists in case of
industrial automation where wireless sensors are used for
transferring the measured data to the controlling station [2]. An
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inherent limitations, leading to the emergence of Convolutional
Coding, where data is continuously encoded at a specific rate.
Nevertheless, Convolutional Coding introduces its own
drawbacks, such as increased bandwidth requirements after
coding. In [3] convolutional encoder consisting of Recursive
Systematic Convolutional Encoder and Adaptive Variable-Rate
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#1. INTRODUCTION

Data communication, especially over wireless mediums, is
susceptible to errors occurring at the receiving end as the data
traverses various channels. Certain channels introduce minimal
errors, while others characterized by significant multipath
phenomena can result in a high number of errors [1].
Furthermore, channels utilizing the HF medium exhibit time-
dependent error occurrences since these channels are not
stationary. The issue of errors in digital communication has
motivated Electronics and Communication Engineers to
explore solutions, resulting in the development of various error
correction schemes over time. Not only limited to

Convolutional has also been proposed. However, to tackle the
issues of convolutional encoding, Ungerboeck introduced
Trellis Coded Modulation (TCM) in 1982 [4], offering a
solution that combines coding and modulation techniques in an
efficient manner. TCM ensures that the modulation scheme
aligns with the convolutional coding scheme to preserve
bandwidth. For example, without employing any coding
scheme, if 8 QAM is used for modulation, three bits are
modulated at a time. However, when implementing a coding
scheme with a rate of 1/2, the three bits will be transformed into
six bits, effectively doubling the required bandwidth. To
mitigate this issue, the modulation scheme can be switched to
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64 QAM, which utilizes six bits for modulation, thereby
preserving the bandwidth. However, switching the modulation
scheme from 8 QAM to 64 QAM reduces the distance between
points on the constellation, consequently increasing the
likelihood of errors being induced by the channel. Finding the
optimal balance between the coding scheme rate and the
modulation technique becomes necessary. It highlights that
there is a limit to the amount of bandwidth that can be
preserved, beyond which correcting errors becomes
increasingly challenging. To overcome this limitation and
enhance error correction capabilities, Berrou et al. introduced
Turbo Coding in 1993 [5]. Moreover, to maintain bandwidth
after implementing the Turbo Coding Scheme, the same
principle of TCM can be utilized, which is commonly referred
to as Turbo TCM coding scheme [6]. Subsequently, the
effectiveness of a coding scheme is assessed based on the Bit
Error Rate (BER), which indicates the proportion of incorrect
received bits relative to total number of transmitted bits [7].

The Turbo Coding scheme employs two encoders at the
transmitter end, which are concatenated in either a serial or
parallel configuration, along with the inclusion of an interleaver
[8]. The interleaver serves the purpose of randomizing the bits
before they are passed as input to the second decoder. These
encoders are known as Serially Concatenated Convolutional
Encoder and Parallel Concatenated Convolutional Codes
Encoder. The configurations of these encoders are depicted in
figures 1 and 2, respectively.

Input [ Convolutional Convolutional | Output
— —>

—> Interleaver [—

Encoder 1 Encoder 2
Figure 1: SCCC Encoder
Input | APP || intert L APP | Output
(Coded Output after Decoder 1 nerleaver Decoder 2 (Decoded)
passing through Channel)

Interleaver

Figure 2: PCCC Encoder

To decode Turbo Codes at the receiver, APP (A Posteriori
Probability) decoders are utilized for both the SCCC and PCCC
configurations, with slight variations in their respective setups
as illustrated in figure 3 and figure 4, respectively. In both
configurations, first decoder’s output is passed through
interleaver to second decoder, and second decoder’s output is
fed back to first decoder through interleaver. This iterative
decoding process persists until the desired error level is attained,
at which stage second decoder’s output is considered as final
output of Turbo decoder. It has been observed that SCCC
performs much better for the moderate to high SNR [8].

Input APP APP
—i

1 Interleaver [—
(Coded Output after Decoder 1 Decoder 2
passing through Channel)

Output
—
(Decoded)

Interleaver

Figure 3: SCCC Decoder
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Figure 4: PCCC Decoder

The communication system's block diagram is presented in
figure 5, and the current study incorporates the presence of a
fading channel [7].

Input Source Channel
] Encoder Encoder | | Modulator
Output Source Channel
7 == Demodulator
Decoder Decoder

Figure 5: Block Diagram of Communication System

Source coding is employed to remove redundant information,
utilizing compression schemes such as zip, rar, and others.
Subsequently, channel coding is applied, incorporating Forward
Error Correction (FEC) schemes [9]. Once FEC is
implemented, the bits undergo modulation and are transmitted
through the channel. In this specific scenario, QAM has been
chosen as the modulation scheme, resulting in the output of the
Channel Encoder being organized in vector form as QAM has
been observed to be more secure [10]. Each vector represents a
point in the complex plane corresponding to the chosen QAM
constellation.

Following transmission, the received data is susceptible to
corruption caused by channel conditions, particularly the fading
channel. At the receiver, the corrupted sequence r; = (ry, ra, ...11)
is passed to the decoder for decoding. The receiver's block
diagram at the baseband level is depicted in figure 6.

Channel Gain Gaussian Noise

(Complex)

Encoded data from
Modulator and
Encoder

Corrupted data to
Demodulator and
Decoder

Figure 6: Block Diagram of Baseband Receiver

The signal received at time i can be expressed based on the
receiver's diagram in the following manner.

T =CiSp Ty 1)

The equation incorporates n; which represents complex
. . . . N,
Gaussian noise with zero mean and variance o2 = 7" o

represents the channel gain of a complex Gaussian process with
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variance o2. Furthermore, ci can also be represented using a
phasor as mentioned below.

c;=a; xelPi 2
Wherein, a; represents amplitude and ¢ phase.

Assuming that receiver employs coherent detection along with
channel phase shift compensation, equation (1) can be further
simplified as follows:

= a;S; + n; (3)

In this scenario, the presence of fading is represented by a;.
When there is no direct line-of-sight transmission and the
channel consists solely of scattered multipath components, a; is
commonly modelled using a Rayleigh fading channel.
Probability Density Function for Rayleigh fading is expressed
as follows:

P,(a@) =2ae™, a>0 (4)
In scenarios where a significant, non-fading line-of-sight path
coexists with multipath components, the channel is simulated
using the Rician Fading Channel model, and its Probability
Density Function (PDF) is defined as follows:

Py(a) =2a(1 +

K) e~ ®+a*A+kN 1 (20, /K (1 + K)),

Here K (Rician parameter) represents ratio between signal
received through direct path and signal received through
scattered multipaths, while lo(.) denotes the zero-order modified
Bessel function of first kind. Additionally, PDF should be
normalized to reflect the mean energy of the signal per channel
symbol, Es. In this paper, we have specifically focused on the
Rician Channel, while neglecting the influence of time-varying
multipath effects since the receiver will utilize equalization
techniques to address this aspect.

=: 2. PERFORMANCE ANALYSIS

The performance analysis assumes statistically independent
fading amplitudes and a memoryless channel. The probability
of an error event has a crucial role in assessing system's
performance. A lower probability of error event indicates fewer
errors, while a higher probability implies a greater number of
errors. Error event probability has been derived in this section.
Specifically, we will investigate the upper bound of pairwise
error probability [11]. Under the assumptions that detection is
coherent, Channel State Information (CSI) is ideal, and fading
is independent from symbol to symbol, the upper limit of the
pair-wise error probability for decoding symbol sequence as S,
given a Rician Channel and when the transmitted symbol
sequence is S;, can be expressed as follows:

a=0 (5)

__Fang SO
(1+K) 1+K+ﬁ|(si—§i)|2 (6)

T 1 o aa?
LK+ o0 |(si=$)|

P,(S1,8) < TTies
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In situations pertaining to high Signal-to-Noise Ratio,
aforementioned equation can be simplified as follows:

a (1+K)e K
PZ(SDSZ) < HiEn 1

1 . A2
m|(5i—5i)|

()

The symbol 1 represents the indices i where S; and S; are not
equal. We can denote the number of such values as . Thus,
equation (7) can be expressed as follows. Effective length of
error event (S, $)) is also represented by L.

& _ ((+K)e~K)M
Py(S,8) £ 14—
2(S1,51) (ﬁ)lndzzﬂln

®)

In this equation, d%(l,,) represents squared product distance
between signals when S; and $; are not equal, along the error
event (S, S,) path. It is defined as follows:

d3(1,) = Mien| S: = SO ©)

An error event arises when the received data deviates from the
intended path as designed. The same has been depicted in figure
7, in which intended path is from s; to s, and extends up to s,
while the actual path traced by the received symbols is §1, §2, up
to §.

N S;

N~ S_; -

S, $ S,

Figure 7: Error event considering length as |

If we take into account all transmitted sequences and aggregate
the probabilities of all error events for all values of I, ranging
from 1 to infinity, we can calculate an upper bound. This upper
bound can be expressed as follows:
Pp < X021 Xs, Xsyzs; P(SDP2 (S, 81) (10)
In the equation above, P(S;) represents A Priori Probability of
transmitting symbol S,. P,(S,,$;) can be substituted in the
equation at high SNRs using equation (8), resulting in the
expression of the upper bound for a Rician fading channel as
follows:

(a+K)e Kyl
P, < Zln de,ln a(ln' diz’ (ln)) PEENTTYEN

Gvg) ™ dB () D
In equation (11), the mean count of code sequences with
effective length of [, and squared product distance of d3 Gy is
denoted by a(l,, d3(l,). When the SNR is high, error event is
primarily influenced by minimum effective length I, and
corresponding squared product distance d (1,,). To simplify the
expression, we use L to represent the minimum effective length
and d2(L) to represent the corresponding squared product
distance. This minimum effective length is considered as code’s
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effective length, which allows us to approximate error event
probability as follows:

P, ~ a(L, dP(L))i((HK)e

(12)
Gt 4B W)

In case of Rayleigh channel, where K is equal to zero, equation
(12) can be further simplified as:

a(LdpL))

P, ~ B2
¢ Grpt W)

(13)

In the case of an AWGN channel, considering K = oo, we can
rewrite Pe as follows [11]:

P, = —N(dfree)erfc< f L;ee>

Here the code’s free Euclidean distance is represented by diree.

(14)

In this study, the performance analysis focuses on a Serially
Concatenated Convolutional Coding (SCCC) scheme [12] in
the context of a Rician Fading Channel. The authors specifically
analyze equation (12) for various values of K (Rician
parameter), recognizing that cases where K is zero or infinity
are special cases. The SCCC scheme employs two
convolutional encoders, each with a rate of 2/3, in a serial
configuration, resulting in an effective rate of 4/9. To evaluate
the performance of the SCCC scheme, it is compared with a
convolutional coding scheme that uses a constituent encoder.
The decoding process is iterative, with the output of first
decoder fed to the second and vice versa til decoding is
completed [13]. The complexity of the SCCC scheme is similar
to Convolutional Coding scheme, with the implementation of
the APP algorithm in the decoder [14].

#: 3. DESIGN FOR ENCODERS

For the encoder design, two convolutional encoders have been
employed in a serial configuration with an interleaver. The
interleaver takes input from first encoder and gives outputs to
second encoder. The encoders in this work were designed based
on specific criteria. Each encoder was specifically designed for
a rate of 2/3 and 8 states. The TCM scheme, developed by
Ungerboeck, with a rate of 2/3, 8 states, and an 8-PSK
modulation scheme, was designed with an effective length of 2.
The constellation diagram of 8PSk is shown in figure 8.

52 =(2-+2)E, ~0.586E,
5% = 2E,

53 =2+ 2)E, ~3.414E,
52 = 4E

Figure 8: PSK signal constellation
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However, it should be noted that this optimization was done for
the AWGN channel [15]. In this work, the encoders have been
designed following general rules, but the optimization has been
performed for a fading multipath channel [16].

The signals, which are related to the transitions amongst states
of successive stages for rate 2/3, are represented by an 8 x 8
matrix M. In the trellis representation, the signals associated
with paths emerging out from state i to state j at stage K to stage
K+1 are denoted by element located in i row and j column of
matrix M. The elements in the i row represent the paths leaving
state i, while the elements in j™ column represent the paths
reentering state j. These elements indicate the signals associated
with the respective paths.

To populate the other elements of matrix M with signal points,
alternate symbols from the 8-PSK signal set are placed into two
separate subsets. Subset 1 includes So, Sz, Sa, and s, While subset
2 includes si, Ss, S5, and s7. The rules mentioned below are
followed to determine the signal points for the remaining
elements of matrix M.

a. Each signal is limited to appearing only once per row or
column.

b. The rate 2/3 code has a total of 8 states and allows for a
maximum of 4 paths to emerge from each state. Due to this
constraint, not all transitions between states are possible.
To determine the valid transition paths, it is considered
that a path between two states can only be associated with
a signal if the Least Significant Bit (LSB) of initial state
matches Most Significant Bit (MSB) of destination state,
denoted as z € {0, 1} [16].

c. The matrix contains rows and columns, each associated
with signal pairs. When the distance is calculated between
these signal pairs, it can be observed that they are either 61
or &3, considering the coding rate as 2/3. This relationship
is illustrated in figure 9.

./X.\ /.><.\

State 001 010011100101 110|111

_ M 000 h-__bn__n_._n 4 Ivalid
63>< 001 by by | by | bp | transtions,
010 | by [ by [ ba | by &~ asper Rule
& by | b | by | by it
100 | be | by | bg | bo »
8 101 be | bge | by | bg
53>‘: 110 | by | bg [ bg [ bg ¥
T 111 by b

ﬁorﬁs \6'63/

Figure 9: The State Transition Matrix

Rule "a' ensures that the code has a maximum effective length,
while Rule 'b' guarantees that distances amongst every pair of
paths emerging from state i and every pair of paths joining at
state j are at least 81. This ensures proper separation and
distinction between the paths in the code.

4. SIMULATION AND RESULT
The analysis was conducted using the MATLAB environment
and in order to perform the simulation, a Simulink diagram was
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created, which is a graphical environment in MATLAB for
modeling and simulating dynamic systems. The Simulink
diagram corresponding to the analysis is depicted in figure 10,
illustrating the flow of data and processing steps in the
simulation. In this simulation, the source of random input bits
is a Bernoulli Binary generator. This generator produces a
stream of binary digits with a probability of generation of 1 and
0 with 50% each. These generated bits serve as input to Turbo
encoder. The Turbo encoder comprises of two convolutional
encoders connected in a serial configuration. Each
convolutional encoder has a coding rate of 2/3, meaning that for
every two input bits, three encoded bits are produced. The
serially connected convolutional encoders effectively increase
the coding rate to 4/9, providing enhanced error correction
capabilities. The output of Turbo encoder subsequently fed to
512 QAM modulator. QAM combines both amplitude and
phase variations to transmit multiple bits per symbol.
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In this case, 512 QAM is employed to maximize the data
transmission rate while maintaining the required bandwidth.
The modulated data is transmitted through a Rician Channel,
which is a mathematical model that simulates real-world
multipath propagation effects. The Rician Channel introduces
fading and multipath interference, mimicking the challenges
encountered in wireless communication scenarios. The received
data, after being corrupted by the channel, is first sent to the
demodulator. The demodulator performs reverse operation of
modulator, extracting transmitted symbols from the received
signal. However, due to the channel impairments, the
demodulated data contains errors. To mitigate these errors, the
demodulated data is then fed into the Turbo decoder. The Turbo
decoder's primary objective is to correct the errors introduced
by the channel. By iteratively decoding the received data using
soft-in-soft-out techniques, the Turbo decoder significantly
enhances the error correction capability of the system.
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Figure 10: Simulation Diagram

To assess the performance of the Turbo Trellis Coding scheme,
a Monte Carlo simulation was conducted. The simulation
yielded a plot of Ex/No versus Bit Error Rate (BER), as depicted
in figure 11. This plot provides valuable insights into the
scheme's performance characteristics.  Furthermore, a
comparison was made between the Bit Error Rate (BER)
obtained from the Turbo Trellis Coding scheme and the BER
obtained solely from the constituent convolutional encoder with
a rate of 2/3 along with the uncoded QPSK. The comparison
demonstrated that the Turbo Trellis Coding scheme exhibits an
approximate 5dB gain over the Trellis Coded Modulation
scheme that only utilizes the constituent convolutional coder. In
essence, the Turbo Trellis Coding scheme showcases
significantly improved error correction capability compared to
the Trellis Coded Modulation scheme and uncoded QPSK.

Pe&formance of Turbo Trellis Coding Schemes in Fading Environment
10’ T T T T T

—&— Uncoded QPSK
—<&— Convolutional 2/3 8QAM
—&— Turbo Code 4/9 5120AM

9690600n
vvv

102

Bit Error Rate (BER)

-20 -15 -10 -5 (1] 5 10 15
Eb/No (dB)

Figure 11: Performance analysis of the proposed Turbo Coding
scheme in Rician Environment
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: 5. CONCLUSION

In the analysis, the Bit Error Rate (BER) obtained from the
uncoded QPSK and constituent convolutional encoder with a
rate of 2/3 was compared to the results obtained from the Turbo
Trellis Coding scheme operating at a rate of 4/9. The BER is a
measure of the accuracy of the transmitted data, indicating the
proportion of bits that are received in error. By comparing the
BER between these two schemes, the analysis aimed to assess
the performance of Turbo Trellis Coding scheme in relation to
Trellis Coded Modulation scheme that relies solely on the
constituent convolutional coder. This evaluation is crucial to
assess the effectiveness of the Turbo Trellis Coding scheme in
improving the error correction capabilities of the system.

The findings of this analysis have significant implications in
both academic and practical domains. The comparison revealed
that the Turbo Trellis Coding scheme exhibited an approximate
5dB gain over the Trellis Coded Modulation scheme and
approximately 8 dB gain over uncoded QPSK. The 5dB gain
indicates a substantial improvement in the system's ability to
correct errors. This observation highlights the notable
contribution of the Turbo Trellis Coding scheme presented in
the analysis. The Turbo Trellis Coding scheme, with its
additional decoding and iterative error correction processes,
offers superior error correction capabilities compared to the
Trellis Coded Modulation scheme, which solely relies on the
constituent convolutional coder.

These results have wide-ranging implications for the field of
communication systems. They provide valuable insights into
the performance of Turbo Trellis Coding Scheme and
emphasize its potential for enhancing data transmission
reliability. The superior error correction capabilities of the
Turbo Trellis Coding scheme make it a promising choice for
practical applications where reliable and accurate data
transmission is critical, such as wireless communication
systems, satellite communication, and digital broadcasting.

From an academic perspective, these findings contribute to the
existing body of knowledge in the field of error correction
coding and communication systems. They validate the
effectiveness of the Turbo Trellis Coding scheme and highlight
its advantages over traditional coding schemes, shedding light
on the importance of iterative decoding and the benefits it brings
in terms of error correction.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest

:REFERENCES
EunHwa Kim (2022), Fan-Shaped Flooding in Wireless Sensor Networks.
IJEER 10(2), 225-229. DOI: 10.37391/1IJEER.100230.

[2] Dasari Ramanna and V. Ganesan (2022), Low-Power VLSI
Implementation of Novel Hybrid Adaptive Variable-Rate and Recursive
Systematic Convolutional Encoder for Resource Constrained Wireless
Communication  Systems. IJEER  10(3), 523-528. DOl:
10.37391/1JEER.100320.

[3] G. Ungerboeck, Channel coding with multilevel phase signaling, IEEE
Trans. Inf. Th., vol.IT-25, Jan. 1982, pp.55-67.

International Journal of

Electrical and Electronics Research (IJEER)
Research Article | Volume 11, Issue 3 | Pages 669-674 | e-ISSN: 2347-470X

[4] C. Berrou, A. Glavieux, and P. Thitimajshima, Near Shannon limit error-
correcting coding and decoding: Turbo-codes, Proc. Int. Conf.
Communications, Geneva, Switzerland, May 1993, pp. 1064-1070.

[5] Takanori Hara, Koji Ishibashi, Soon Xin Ng, Lajos Hanzo, Low-
Complexity Generator Polynomial Search for Turbo Trellis-Coded Spatial
Modulation Using Symbol-based EXIT Charts, 2018 IEEE 10th
International Symposium on Turbo Codes & Iterative Information
Processing (ISTC), pp.1-5, 2018.

[6] Ofoegbu, Christopher & Njoku, Donatus & Okolie, Stanley &
Onukwugha, C & Obi, Nwokonkwo & Jibiri, J. (2022). Bit Error Rate
Analysis of Digital Modulation Techniques in Wireless Communication
System. 5. 118-124.

[7] Christian B. Schlegel; Lance C. Perez, Turbo Coding: Basic Principles, in
Trellis and Turbo Coding: lterative and Graph-Based Error Control
Coding, IEEE, 2015, pp.351-430, doi: 10.1002/9781119106319.ch8.

[8] D. Liand L. Gan, A Method of Parameters Estimation of SCCC Turbo
Code, 2013 IEEE 11th International Conference on Dependable,
Autonomic and Secure Computing, Chengdu, China, 2013, pp. 5-9, doi:
10.1109/DASC.2013.29.

[9] Vipin Gupta, Dr. Praveen Dhyani, Analysis of MIMO OFDM in different
Bonds rate of QAM, BPSK, QPSK, International Journal of Electrical &
Electronics Research (IJEER) Volume 4, Issue 3, Pages 62-66, September
2016, ISSN: 2347-470X

[10] Jamali Hamidreza S. and Tho Le Ngoc, Coded Modulation Techniques
for Fading Channels, Boston: Kluwer Academic Publishers, 1994.

[11] G. D. Forney, Concatenated Codes, MIT Press, Cambridge, MA, 1966.

[12] Rui Xue, Dan-Feng, Zhao Jie Zhang, An Improved Method for the
Convergence of Iterative Detection in SCCC System Wireless
Communications, Networking and Mobile Computing, 2008. 12-14 Oct.
2008 ppl-5

[13] S. Benedetto, D. Divsalar, G. Montorsi and F. Pollara, A Soft-Input Soft-

Output APP Module for Iterative Decoding of Concatenated Codes, IEEE
communications letters, VOL. 1, NO. 1, January 1997 pp 22 — 24

[14] Rajkumar Goswami, SasiBhusana Rao, Rajan Babu, Ravindra Babu, 8
State Rate 2/3 TCM Code Design for Fading Channel IEEE conference
On Control, Communications and Automation, Dec 2008, Vol-II, pp. 323
-326.

[15] Juihong Yuan, B Vucetic and Wen Feng, Turbo-Coded M-QAM for
fading channel, Electronic Letters, 31 Aug 2000, Vol. 36 No 18, pp 1562

—1503.
L‘M@ Rao, Swathi Nambari. Submitted for possible
open access publication under the terms and
conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/).

© 2023 by the R.K. Goswami, K. Srinivasa

Website: www.ijeer.forexjournal.co.in

Implementation of Turbo Trellis Coding Modulation

674


https://www.ijeer.forexjournal.co.in/

