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Abstract—One of the most complex environment for the
data transmission is the underwater channel. It suffers
frequency selective deep fading with serious multi path
time delay. The channel also has limited bandwidth. In
this paper, the effect of Least Code Weight — Minimum
Hamming Distance (LCW-MHD) polynomial code is
studied using Viterbi Decoding Algorithm for the shallow
Underwater Acoustic Communication (UAC) channel.
Two different channels with the range of 100 and 1000
meters are considered for simulation purpose and the
channel is designed using Ray Tracing algorithm. For
data and image transmission in the channel, three
different code rate of 1/2, 1/3 and 1/4 are considered and
corresponding Bit Error Rate (BER) are evaluated. Result
showed that the BER is least for the LCG-MHD
polynomial code.

Index Terms—Viterbi decoding, Hamming distance,
Underwater Acoustic Communication Channel, Ray
Tracing, Ambient Noise.

|. INTRODUCTION

In the recent years, different modes communication in
UAC is investigated. In general, communication in UAC
channel can be done by laser light or acoustic waves.
High data rate and long range communication can be
achieved using the laser light. But it suffers large
attenuation and results in low BER [1, 2]. The major
drawback is line of sight, failing results in the loss of
communication. High speed, long-range underwater
communication [3] is demonstrated using blue light with
the wavelength of 405 nm. It is found that the laser diode
with maximum output power is less absorbed in water
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and hence it provides a long range communication in
underwater. For high speed communication authors make
use the property of optoelectronic feedback and light
injection technique. Authors showed that BER of 107 can
be achieved without the equalizer and Low Noise
Amplifier (LNA) and BER is improved to 10™.

In [4], Optical wireless communication in UAC using
Gallium Nitride (GaN) blue laser diode is demonstrated.
The information is encoded using 490 nm Laser diode
and modulated by 16 QAM. The encoded data is passed
through a tank setup of 6.4 meters length. In the receiver
section, authors used OFDM techniques along with QAM
scheme for the detection of the data. They achieved a
BER of 3.8x10° with the data rate of 8.8 Gbps at
Average SNR (ASNR) of 16 dB.

To avoid the line of sight and ensure better perform in
UAC channel, acoustic waves can be used instead of laser
light. Acoustic waves are suffered by least attenuation
since it uses low frequency. The desired BER can be
achieved by proper coding techniques. In [5], the
modeling of dynamic sea surface effects by wind
generated waves and bubbles are carried out. It is based
on the ray tracer together with a toolbox for generation of
rough sea surface evolutions. Sea surface reflection loss
is modeled with a modified sound profile in the frequency
range of 1-4 kHz. They showed that in the frequency
range of 4-8 kHz, the effects of the bubbles contributes
significant additional effects on surface loss.

In [6], channel design using ray tracing techniques in
temporal snapshots of an environment is demonstrated.
For the given ocean condition and location of source and
receiver, the impulse response of the channel is computed.
It is also referred as the time arrival structure of the
channel. The receiver is modeled by convolving the time
arrival structure with the source data. Using ray tracing
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program, parameters such as amplitude, travel time and
angle are computed.

In this paper, ray tracing technique is used to compute
the impulse response of the channel, through which the
various coding techniques are applied and BER is
evaluated. LCG-MHD polynomial code is applied to the
channel and BER is determined with the constraint length
ranges from 1 to 3. The performance of the convolution
code with the code rate of 1/2, 1/3 and 1/4 in the UAC is
studied.

Il. RELATED WORKS

The most effective and economical way of data
transmission in the digital communication is the Forward
Error Correction (FEC) coding. In this, the error can be
detected and corrected in the receiver section. In [7], the
non-uniform frequency offset created by the UAC is
addressed. Maximum likelihood estimation is applied to
estimate the Doppler shift and adaptive algorithm is used
to correct the phase shift. Authors demonstrated the

proposed algorithm in shallow water with a range of 1 km.

They have achieved the error free communication in three
different experimental setup using BCH (64, 10) code. In
the first setup, four transmitters with 1024 carriers were
used at 24 kHz bandwidth and able to achieve 18.9 kb/s
data rate. In the second and third setup, they achieved a
data rate of 26.8 kb/s and 2.1 kb/s using 2048 and 256
carrier respectively.

The Extrinsic Information Transfer Chart (EXIT)
analysis using the Bit Interleaved Coded Modulation
(BICM) and decision feedback equalizer in a UAC
channel was performed in [8]. In the sea trial conducted
by the author, the transmitter and receiver are separated
by the distance of 200 meters with transmitter and
receiver depth of 10 m and 5 m respectively. The input
carrier frequency of 12 kHz was used with the bandwidth
of 4 kHz. Convolution code with polynomial (23, 35) was
used for the encoding purpose. The encoded data is
modulated by BPSK with PN training sequence. For
decoding of data, RLS algorithms with 30 taps were
employed. The results showed that as the number of
feedback tap increases the number of iteration decreases.
It also evident that an error free communication can be
achieved and BICM is depends on the number of taps in
the equalizer and ISl in the channel. They also
demonstrate that if the equalization is the success in the
initial stage, then the receiver requires less iteration.

In [9], investigation of the application of the turbo
equalizers in the UAC communication is carried out. The
relation between the direct adaptive linear turbo equalizer
(TEQ) and the MMSE turbo equalizer described. For
encoding of data, Recursive Systematic Convolution
(RSC) codes with random inter-leaver were used. The
carrier frequency was set at 13 kHz and the decoding of
data was done using turbo decoder with iteration value of
6. In a 1000 meter transmission range sea trial, the
authors achieved a successfully decoding of the data with
the data rate of 19.53 kbit/s. The need of energy and
retransmission of the data in the FEC is greatly reduced.
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But the complexity of the receiver is greatly increases as
the constraint length increases.

In all the related study, the polynomial used in the
convolution code has high code weight and hamming
distance also maximum. By using LCW-MHD
polynomial code in the convolution code, we can reduce
the complexity of the receiver. In this paper, performance
of the code is investigated for shallow water
communication and its corresponding BER is evaluated.

To study the performance LCW-MHD code in the
convolution code [10, 11], two different configurations
are considered. The channel 1 has range of 100 meter
whereas channel 2 has 1000 meters. Both the channels
are having the Doppler shift of 3 x10 Hz. Transducer
and hydrophones are at a depth of 90 (Zs) and 40 meters
(Z2) respectively. The other channel parameters are
temperature = 10°C, Salinity = 35%, PH = 8 ppt, wind
speed = 23 knots and depth = 100 meters. To determine
the losses in the channel. First Four Eigen rays [12, 13]
are considered and are named as Direct Path (DP),
Surface Reflected Path (SRP), Bottom Reflected Path
(BRP) and Surface-Bottom Reflected path (SBRP). Their
corresponding lengths and time taken to reach the
receiver are calculated and listed in Table 1.

Table 1. Design Parameters for Channel 1 and 2

Channel 1
DP SRP BRP | SBRP

111 122 164 269

Parameters

Distance travelled by the paths
(in meters)
Time taken by the paths

- 0.074 | 0.081 | 0.109 | 0.179
(in seconds)
Delay time with respect to DP 0.007 | 0.035 | 0.105
Overall Loss by the path (in 92 97 142 149
dB)
Parameters Channel 2

DP SRP BRP | SBRP

Distance travelled by the paths
(in meters)
Time taken by the paths

1001 | 1002 | 1008 1030

: 0.667 | 0.668 | 0.672 | 0.686
(in seconds)

Delay time with respect to DP - 0.001 | 0.005 | 0.019
Overall Loss by the path (dB) 96.5 | 1015 | 1315 | 136.5

Impulse Response of the UAC channel 1
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Fig.1. Impulse Response of UAC Channels

Fishers & Simmons Model [14, 15] is used to calculate
the attenuation for all the Eigen rays. Grazing angle of 10
degree is used to calculate the Surface and Bottom losses.
Beckmann — Spizzichino model [16] is used to calculate
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the surface loss. For bottom loss, High frequency Bottom
Loss (HFBL) model [17, 18, 19] is used. The DP does not
have the reflection either at surface or bottom, only
Attenuation [20] and Ambient Noise [21] are determined.
For the SRP and BRP along with attenuation and noise,
surface loss and bottom loss are considered. For the last
path SBRP, both bottom and surface loss are used and
listed in the Table 1. By considering all the above loss
and time delay, MATLAB version 7 software is used to
determine the channel impulse and it is shown in the
Fig.1.

I1l. PROPOSED CONVOLUTION CODE IN UAC

The binary data can be encoded using convolutional
codes in two different ways such as feed-forward and
feedback. In the feed-forward type, the input data passes
through a series of shift register and it is encoded using
generator matrix. Whereas in the feedback type, a portion
of output is given feedback to the input side and then
encoded is done. An example for both feedback and feed-
forward shown in the Fig. 2 (a) and (b).

.
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U

Fig.2 (a). Feedback Encoder

P
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Fig.2 (b). Feed-Forward Encoder

Fig. 2 (a) shows the systematic feedback convolutional
encoder and Fig. 2 (b) shows the non-systematic feed-
forward encoder for the same code rate of %2 with 2
memory element. The decoding of the convolution code
is carried out by the Viterbi decoding algorithm in the

receiver section after passing through the channel [22, 23].

In [24], authors explained a new way decoding the data
using decode and forward delay protocol using Low
Density Parity Check code. The general block diagram
for the convolution code in UAC is shown in the Fig. 3.
In the transmitting section, the binary data is encoded by
the LCW-MHD code using convolution code and send it
to the UAC channel. The original data is retrieved from
the degraded data using the Viterbi algorithm in the
receiving section. Finally the transmitted data is
compared with the retrieved data and BER is computed.
For each code rate, a memory element of 1, 2, and 3 is
considered and BER is evaluated.
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For simulation purpose, binary data of length 1000 is
generated using the MATLAB function randint with the
probability of zero as 0.5. The data is encoded using
poly2trellis function and allowed to pass through the
channell and 2. The encoded data size will be doubled
for the code rate of 1/2 and three times the message for
the code rate of 1/3 and four times for the code rate of 1/4.
In the receiver side, the data from the channel is in
complex form. To get back the binary data, the received
data is quantized and given to the decoder. The Viterbi
algorithm is applied in the decoder section to retrieve
back the original data. While decoding, trace-back length
of 8 is applied. BER is computed by comparing the
decoding data with the original message bit.

Binary |
Data » Encoder
Y
» Bit Error UAC
R Rate Channel
Decoded
Data < Decoder |«

Fig.3. Block Diagram for Convolution Coding

3.1. Code rate of 1/2

For the code rate of 1/2 with constraint length of 1,
input data is encoded with one shift register. Four code-
words are possible in this case and they are named as 0, 1,
2 and 3. To encode the data, generator polynomials are
formed using the adjacent code-word. The only adjacent
polynomial is (1, 3). For Additive White Gaussian Noise
(AWGN) channel, the code-word (1, 2) will give an
optimal Bit Error Rate (BER). The error rate for this
polynomial is compared with the adjacent polynomial (1,
3) for the channel 1 and 2 is listed in Table 2. It is
observed that the polynomial (1, 3) performs well
compared to the polynomial (1, 2).

Table 2. BER of UAC Channel for code rate of 1/2 withm =1

Generator Code Channel 1 Channel 2

sequence weight Max Min Max Min
@) 9" | BER | BER | BER | BER
(1,2 2 0.398 | 0.058 | 0.391 | 0.059
1,3 3 0.269 | 0.036 | 0.313 | 0.037

For the code rate of 1/2 with constraint length of 2, the
list of the polynomial for the generator matrix is listed in
Table 3. The code-word of the polynomial is chosen in
such a way that the code-words should have least code
gain and minimum hamming distance. For example, the
adjacent code-words for 1 are 3, 4 and 5. The set of
polynomials are (1, 3), (1, 4) and (1, 5). Out of these, (1,
5) have a hamming distance of 1 whereas the other sets
will have hamming distance as 2. So the polynomials (1,
5) are considered for evaluation purpose.
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Similarly, for the code-word 3, the adjacent code-
words are 1, 2, 5, 6 and 7. So the set of the polynomial
are (1, 3), (2, 3), (3, 5), (3, 6) and (3, 7). Of these,
polynomial set (3, 7) have the least hamming distance of
1. Other sets have hamming distance more than 1. The
same procedure is done for all the code-word from 0 to 7
and the final list of the least adjacent polynomial for the
code rate of 1/2 with 2 memory elements and its
corresponding BER for the channel 1 and 2 are shown in
Table 3. It is evident that the sequence with least code
weight of 3 gives minimum BER than the sequence with
code weight of 5.

The sequence (1, 5) gives a BER of 0.0348 then the
sequence (5, 7) with BER value of 0.0696. It is concluded
that the sequence (1, 5) perform well and gives the 50%
less BER than the sequence (5, 7). The same procedure is
repeated for the constraint length of 3. BER is calculated
by varying the E,/N, value from 0 to 30.

Table 3. BER of UAC channel for code rate of % with m = 2

Generator Code Channel 1 Channel 2

sequence - Max | Min Max | Min
@g) | V9" | ger | BER | BER | BER
(1,5 3 0.280 | 0.034 | 0.283 | 0.035
(3,7) 5 0.457 | 0.068 | 0.478 | 0.078
(4,5) 3 0.291 | 0.036 | 0.316 | 0.039
(5,7) 5 0.485 | 0.071 | 0.458 | 0.070
6,7) 5 0.467 | 0.062 | 0.424 | 0.061

The Table 4 shows the BER comparison of the channel
1 and 2 with the constraint length of 3. The maximum
BER corresponds to the E,/N, value of 1 and minimum
BER for the Eu/N, value of 30. The result also showed
that the as the code weight increases, BER also increases.
For the code weight of 3 the BER is 0.04. The error rate
is 0.06 and 0.07 for the code weight of 5 and 7. As the
code weight doubles, the error rate also doubles. The
sequence (13, 17) performs well in the AWGN channel,
whereas in the case of UAC channel, the sequence (10,
11) with least code weight of 3 performs well then the
sequence (13, 17). By comparing the Tables 2, 3 and 4, it
is observed that as the constraint length increases, the
error rate decreases slightly from 0.05 to 0.03.

Table 4. BER of UAC channel for code rate of %2 withm =3

Generator Code Channel 1 Channel 2

sequJer;ce weight Max Min Max Min
(g°9) BER | BER | BER | BER
(10, 11) 3 0.371 | 0.050 | 0.333 | 0.040
(11, 13) 5 0.460 | 0.073 | 0.432 | 0.063
(12, 13) 5 0.464 | 0.066 | 0.463 | 0.073
(13,17) 7 0.488 | 0.081 | 0.473 | 0.076
(14, 15) 5 0.468 | 0.068 | 0.473 | 0.076
(15, 17) 7 0.458 | 0.075 | 0.472 | 0.076
(16, 17) 7 0.459 | 0.073 | 0.482 | 0.080

3.2. Code rate of 1/3

For the code rate of 1/3 with the constraint length of 1,
2 and 3, the possible adjacent polynomial sequences are 2,
12 and 18. The BER values for this sequence are listed in
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Table 5, 6 and 7 respectively. For m = 1, the code
weights for the polynomial (1, 2, 3) and (1, 3, 3) are 4 and
5 and their corresponding error rate are 0.02 and 0.04.
Similarly, for other two cases of m, the BER is increased
more than doubled as the code weights are increased by
two. In Table 6, the error rate for sequence (1, 4, 5) is
0.0258, whereas for the sequence (5, 7, 7) it is 0.0679.
The code weights for this sequence are 4 and 8
respectively. For m = 3, the BER is 0.0284 for the
sequence (10, 11, 14) and for the sequence (13, 15, 17) it
is 0.05.

Table 5. BER of UAC channel for code rate of 1/3 withm =1

Generator Code Channel 1 Channel 2
sequence | ont Max | Min Max | Min
g ) 9" BER | BER | BER | BER
(1,2,3) 4 0.303 | 0.035 | 0.222 | 0.025
(1,3,3) 5 0.346 | 0.041 | 0.374 | 0.048

Table 6. BER of UAC channel for code rate of 1/3 withm =2

Generator Code Channel 1 Channel 2
sequence weiaht Max Min Max Min
g ) Y BER | BER BER | BER
(1,3,5) 5 0.404 0.049 0.292 0.027
(1,3,7) 6 0.278 0.027 0.290 0.028
(1,4,5) 4 0.222 0.024 0.221 0.026
(1,5,7) 6 0.298 0.029 0.319 0.032
(2,3,6) 5 0.373 0.044 0.345 0.042
(2,3,7) 6 0.247 0.025 0.340 0.033
(2,6,7) 6 0.310 0.031 0.351 0.038
(3,5 7) 7 0.394 0.041 0.406 0.040
(3,6, 7) 7 0.478 0.072 0.474 0.073
(4,5,7) 5 0.302 0.030 0.375 0.041
(5,6,7) 7 0.386 0.039 0.423 0.046
(5,7, 7) 8 0.468 0.069 0.468 0.068

Table 7. BER of UAC channel for code rate of 1/3 withm =3

Generator Code Channel 1 Channel 2
sequence weight Max Min Max Min
g ) 9 BER | BER | BER | BER
(4, 14, 15) 6 0.305 0.031 0.341 0.036
(5, 14, 15) 7 0.472 0.068 0.437 0.052
(5, 15, 17) 9 0.487 0.067 0.447 0.054
(6, 16, 17) 9 0.464 0.059 0.489 0.067
(7,15,17) 10 0.463 0.056 0.449 0.052
(7,16, 17) 10 0.478 0.075 0.478 0.079
(10, 11, 14) 5 0.378 0.030 0.443 0.028
(10, 11, 15) 6 0.313 0.038 0.322 0.032
(10, 14, 15) 6 0.433 0.068 0.303 0.050
(11, 13, 15) 8 0.475 0.067 0.443 0.059
(11, 13,17) 9 0.411 0.044 0.437 0.048
(11, 14, 15) 7 0.476 0.054 0.455 0.055
(11, 15,17) 9 0.408 0.043 0.428 0.049
(12, 13, 16) 8 0.423 0.044 0.368 0.036
(12, 13,17) 9 0.424 0.045 0.426 0.452
(12, 16, 17) 9 0.457 0.059 0.452 0.050
(13, 15, 17) 10 0.457 0.053 0.466 0.059
(13, 16, 17) 10 0.484 0.059 0.444 0.051

3.3. Code rate of 1/4

For the code rate of 1/4 with the constraint length of 1,
2 and 3, the numbers of possible adjacent polynomial
sequences are 1, 3 and 10. The BER values for this
sequence are listed in Table 8, 9 and 10 respectively. For
m=1, there is only one sequence of code weight 6 and its
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corresponding error rate 0.058. Similarly, for other two
cases of m, the error is increased more than double as the
code weights are increased by two. In Table 9, the error
rate for sequence (2, 3, 6, 7) is 0.03, whereas for the
sequence (5, 5, 7, 7) it is 0.06. The code weights for this
sequence are 8 and 10 respectively. For m=3, the BER is
0.0183 for the sequence (2, 3, 12, 13) and for the
sequence (13, 13, 15, 17) it is 0.03. The error rate starts
decreases as the length of memory increases.

Table 8. BER of UAC channel for code rate of 1/4 withm =1

from 1.15x10™ to 5.77x107°. Similarly, for the code rate
of 1/4, the error rate is further decreased from 5.77 x10°®
to 8.6x10° It is concluded that for the image
transmission in UAC channel, the error rate will be
decreased drastically as the code rate and constraint
length increases. Table 14 shows the minimum BER for
the channel 1 and 2 for the E/N, value of 30. For channel
1 and 2, the error rate is slightly increases from 0.03 to
0.05 for the code rate of 1/2.

Table 11. Image Transmission in the UAC Channel for code rate of %

Generator Code Channel 1' Channel 2_ Generator Ew/N, value
et | weight Max | i Mex | M Y 5 10 20 30
(1,1,3,3) 6 0.383 | 0.051 | 0.419 | 0.058
1.3)
Table 9. BER of UAC channel for code rate of 1/4 withm =2
Generator Code Channel 1' Channel 2'
sequence - Max Min Max Min
gy | V9 | Ber | BER | BER | BER 12
(1,3,5,7) 8 0.355 | 0.036 | 0.418 | 0.048
(2,3,6,7) 8 0.352 | 0.034 | 0.347 | 0.035
(55,7,7) 10 0.452 | 0.063 | 0.456 | 0.062
67
Table 10. BER of UAC channel for code rate of 1/4 with m =3
Generator Channel 1 Channel 2
sequence C(-Jde Max Min Max Min O
0.1 2.3 weight
(9°9°9°9) BER | BER | BER | BER
(1,3,11, 13) 8 0.330 | 0.027 | 0.375 | 0.037
(2,3,12,13) 8 0.249 | 0.019 | 0.240 | 0.018 (13.17)
(4,5,14, 15) 8 0.328 | 0.029 | 0.373 | 0.037
(5,7,15,17) 12 0.398 | 0.034 | 0.409 | 0.039
(6,7,16,17) 12 0.480 | 0.058 | 0.462 | 0.056
(10,11,12,13) | 8 | 0277 | 0.02L | 0333 | 0035 (10.11)
(11, 13, 15, 17) 12 0.389 | 0.033 | 0.441 | 0.043
(12,13, 16, 17) 12 0.419 | 0.037 | 0.423 | 0.039
(13, 13, 15, 17) 13 0.371 0.030 0.367 0.030 Table 12. Image Transmission in the UAC Channel for code rate of 1/3
(14, 15, 16, 17) 12 0.361 | 0.029 | 0.431 | 0.038 Generator E/N, value
se(‘;‘JZT)Ce 5 10 20 30
IVV. EXPERIMENT ANALYSIS
For image transmission in the UAC channel, a sample (1.3.3)
image is downloaded from google.com website. The
input image is resized into 60 x 70 pixels and it is
converted into its equivalent binary value. The size of the 12 3)
binary data has a length of 4200 bits. It is then encoded
using the convolution code with a code rate of 1/2, 1/3
and 1/4 for three different constraint lengths of 1, 2 and 3.
The encoded data is transmitted into to the UAC channel. 677
The output from the UAC channel is decoded using the
Viterbi algorithm with a trace-back value of 8. It is
converted into integer value to get back the original (1,4,5)
image of size 60 x 70 pixel sizes. The decoded data is
compared with the input data and BER value is
determined. The Table 11, 12 and 13 shows the BER (13, 15,
value for the different E,/N, value ranges from 5 to 30. It 17)
is evident from the Table 11 that the error rate is slightly
decreases from 0.006 to 0.001 if the constraint length
varies from 1 to 3. (10,11, 14) ;
For code rate of 1/3, the error rate is decreased rapidly 03011 :

Copyright © 2019 MECS
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For code rate 1/3 the values are almost constant with
0.03 and for the code rate of 1/4 the BER value is 04 : ColeRme MR
decreased one fifth from 0.05 to 0.01. It is concluded that i ‘ : i
as the constraint length increases the error rate will be
reduced. It also observed that the polynomial with least
code weight performs well and gives minimum error rate
than the polynomial with higher code weights.

SNR --->

Table 13. Image transmission in the UAC channel for code rate of ¥

Generator Ew/N, value % : : ﬁ*@eé |
sequence N LR T EeSse s onga.
(@J"qsfg2 %) 10 . B s s e Gia Fadd:
0 & 10 15 20 25 30
Eb/No value —>
Code Rate = 1/3, M =4
04 T T T T
(5,5,7,7) —— (10,11,14)
w
(2,3,6,7)
(13, 13, Fig.5. BER Comparison for the code rate 1/3
15, 17)
Code Rate =1/4, M=3
(2, 3,12, "
13) el | PRONT % x
0.4375 .1065 8.66 x 10 &
Table 14. BER Comparison for UAC channel with E,/No value of 30
Code Rate = 14, M= 4
Channel 1 Channel 2 0.4 T T = T T
: : : [ —— (231213
Memory ["Code | Code | Code | Code | Code | Code 03 : : : U e 513‘13‘15‘}17}
elements | oo rate rate rate rate rate 4 02 :
112 1/3 1/4 1/2 1/3 1/4 "
M=1 | 0.036 | 0.035 | 0.051 | 0.037 | 0.025 | 0.058 o Reodg oo : ;
Nk ST eSS e ad-lad- T I
M=2 0.034 | 0.024 | 0.034 | 0.035 | 0.026 | 0.035 0 5 10 15 20 26 30
Eb/No value —>
M=3 0.050 | 0.030 | 0.019 | 0.040 | 0.028 | 0.018

Fig.6. Comparison of the Generator Polynomial: code rate %2

B e TR =2 Fig. 4, 5 and 6 shows the BER comparison of the
= = 1 polynomial for the code rate of 1/2, 1/3 and 1/4 with a
constraint length of 1, 2 and 3. The graph is simulated for
R | the Ey/N, value range from 1 to 30. The line with a circle
I PREER92990 is the optimal polynomial of AWGN channel and the line
0 ® e » 3 with asterisk * symbol is the polynomial with minimum
CELEDSTRISI code weight. It is clear observed that the polynomial
which gives minimum error rate for AWGN is not the
- optimal polynomial for UAC channel. For code rate 1/2

SNR >

SNR --->

i s . X .
Fis ;zf—;j—j-‘?e@{}o' : 1 and 1/3, as the constraint length increases, the BER is
05 5 :';* N i = ) same. The error rate is reduced almost one fifth for the

EbiNo value —> code rate of 1/4.

Code Rate =1/2, M =4
08 T T T

—+— (10,11)
o (13,17)

SNR >

o_ff‘fm%%jzﬁaﬂgo,émg@ SR i V. CONCLUSION
% 7 j: H*ﬁ +Hfi wi‘ﬂ 1930 The performance of the convolution code in the
EbiNo value — underwater shallow communication is evaluated and
analyzed. The BER in the order of 10 can be achieved
Fig.4. BER Comparison for the code rate %2 for the code rate of 1/2. The BER can be further reduces

in the order of 10" and 10°® using the code rate of 1/3 and
1/4 with the memory element of 3. It is also observed that
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the polynomial with least code word and minimum
hamming distance between the code word gives better
BER than the other polynomial.

REFERENCES

[1] J. Robert Urick, Principles of Underwater Sound for
Engineers, McGraw-Hill, Third Edition, 2013.

[2] A. Waite, Sonar for practicing Engineers, Wiley, Third
Edition. 2005.

[3] H. Chun Ming, L. Chang Kai, L. Hai Han, H. Sheng Jhe,
C. Ming Te, Y. Zih Yi and L. Xin Yao, A 10/10 Gbps
Underwater wireless laser transmission system, Optical
Fiber Communications Conference and Exhibition
(OFC), Los Angeles, USA, 2017, pp.1-3.

[4] C. Yu Chieh, W. Tsai Chen, L. Che Yu, L. Hai Han,
Hao K. Chung and L. Gong Ru, Underwater 6.4-m
optical wireless communication with 8.8 Gbps encoded
480-nm GaN laser diode, International Semiconductor
Laser Conference (ISLC), Hyogo, Japan, 2016, pp.1-2.

[5] S. Henry Dol, Mathieu Colin, A. Michael Ainslie, A.
Paul Vanwalree and Jeroen Janmaat, Simulation of an
underwater  acoustic communication channel
characterized by wind generated surface waves and
bubbles, IEEE Journal of Oceanic Engineering, Vol. 38,
No. 4, pp. 642-654, October, 2013.

[6] C. John Peterson, and B. Michael Porter, Ray/Beam
tracing for modeling the effects of Ocean and platform
dynamics, IEEE Journal of Oceanic Engineering, Vol.
38, No. 4, pp.655-665, October, 2013

[7] C. Patricia Ceballos, and Milica Stojanovic, Adaptive
channel estimation and data detection for underwater
acoustic MIMO-OFDM systems, IEEE Journal of
Oceanic Engineering, Vol. 35, No. 3, pp.635-646, July,
2010.

[8] Shah, Charalampos C. Tsimenidis, Bayan Sharif and A.
Jeffery Neasham, EXIT chart analysis of BICM-ID
based receiver for shallow underwater acoustic
communications, 7th International Symposium on
Wireless Communication Systems, York, UK, 2010, pp.
6-10.

[9] C. Jun Won, J. Thomas Riedl, Kyeongyeon Kim,
Andrew C. Singer, and C. James Preisig, Practical
application of turbo equalization to underwater acoustic
communications, 7th International Symposium on
Wireless Communication Systems, York, UK, 2010, pp.
601-605.

[10] Elias Peter, Coding for noisy channels, IRE Conv. Rec.,
Part 4, pp. 37-47, 1955.

[11] Massey, James, Threshold Decoding,
Cambridge, Mass, 1963

[12] B. Xu Zhi, and Y Lin Xue, Modeling Study of Hydro-
acoustic Channel Based on Ray Model, Third
International  Conference on Information and
Computing Wuxi, China, 2010, pp.217-220.

[13] Chantri Polprasert, A. James Ritcey, and Milica
Stojanovic, Capacity of OFDM systems over fading
underwater acoustic channels, IEEE Journal of Oceanic
Engineering, Vol. 36, No. 4, pp.514-524, October, 2011.

[14]  H. William Thorp, Deep-ocean sound attenuation in the
sub and low kilocycle per second region, The Journal of
the Acoustical Society of America, Vol. 38, No. 4,
pp.648-654, July, 2005.

[15]  Fisher, and Simmons, Sound absorption in sea water,
Journal of the Acoustical Society of America, Vol. 62,
No. 3, pp. 864-875, June 1988.

[16] Coates, An empirical formula for computing the

MIT Press,

Copyright © 2019 MECS

Beckmann-Spizzichino  surface  reflection  loss
coefficient, IEEE Transactions on Ultrasonics,
Ferroelectrics, and Frequency Control, Vol. 35, No. 4,
pp. 522-523, July, 1998.

[17]  Alexios Korakas and Jens Martin Hovem, Comparison
of modeling approaches to low frequency noise
propagation in the ocean, MTS/IEEE OCEANS, Bergen,
pp.1-7, October, 2013.

[18] D. Adrian Jones, J. Alec Duncan, L. Amos Maggi, W.
David Bartel, and Alex Zinoviev, A detailed
comparison between a small-slope model of acoustical
scattering from a rough sea surface and stochastic
modeling of the coherent surface loss, IEEE Journal of
Oceanic Engineering, Vol. 41, No. 3, pp.689-708, July,
2016.

[19] L. Yu Kang and Yong Wang, Low-frequency sound
transmission through water-air interface: A comparison
between Ray and wave theory, OCEANS, TAIPEI, 2014,
pp.1-5.

[20] E. Lawrence Kinsler, R. Austin Frey, B. Alan Coppens
and V. James Sanders, Fundamentals of Acoustics,
Wiley, Third Edition, 1982.

[21] S. Menonkattil Hariharan, Suraj Kamal and Saseendran
Pillai, Reduction of self-noise effects in onboard
acoustic receivers of vessels using spectral subtraction,
Proceedings of the Acoustics Nantes Conference,
Nantes, France, 2012, pp.3794-398.

[22]  J. Andrew Vitrebi, Error bounds for convolutional codes
and an Asymptotically Optimum Decoding Algorithm,
IEEE Transaction on Information Theory, 1T-13, pp.
260-269, April, 1967.

[23] G. David Forney, Convolutional Codes 1: Algebraic
Structure, IEEE Transaction on Information Theory,
1970, pp. 720-738.

[24] Jamaah Suud, Hushairi Zen, Al-Khalid B Hj Othman,
Khairuddin Ab. Hamid, Decoding of Decode and
Forward (DF) Relay Protocol using Min-Sum Based
Low Density Parity Check (LDPC) System,
International Journal of Communication Networks and
Information Security, Vol. 10, No. 1, pp. 199-212, April
2018

Authors’ Profiles

Krishnamoorthy Raghavan born at Ranipet,

Vellore, India on 26M October 1982. He

graduated from Jerusalem College of

Engineering, Chennai, affiliated to Madras

: University in 2004 with Bachelor’s Degree in
Electronics and Communication Engineering.

‘ Later he completed his M.E degree in
’ Electronics and Control from Sathyabama

Institute of Science and Technology, Chennai in 2007.

He has joined as Lecturer in Sathyabama Institute of Science
and Technology in 2008. His passion towards teaching made as
Associate professor in the department of Electronics and
Instrumentation Engineering in Sathyabama Institute of Science
and Technology, Chennai. He played vital role in the
sathyabamasat nano-satellite project as the payload subsystem
incharge. He acquired a teaching experience of more than 13
years. His areas of interest include signal processing, wireless
communication, coding techniques and integrated circuits. He
attended various workshops conducted by the industrials. He
guided several student projects and he made research
publications in  diverse Journals and Conferences.

1.J. Computer Network and Information Security, 2019, 2, 13-20



20 Performance Analysis of Convolution Code with Variable Constraint Length in Shallow
Underwater Acoustic Communication

He is a life member of Indian Society of Technical Education.
(ISTE)

Suriyakala born at Cochin on 12" May
1967. She Graduated from Manipal
Institute of Technology with Bachelor’s
Degree in Electronics and Communication
Engineering. She did her Post Graduation
in Electronics & Control from BITS, Pilani
& M.S (By Research) from Anna
University, Chennai & completed PhD in
Software Agents for Communication

She has 24 years’ experience which includes teaching as well
as research. At present, she is Director, School of Ocean
Engineering & underwater Technology, Kerala University of
Fisheries and Ocean Studies (KUFOS). She has sponsored
projects (NRSC& DRDO), more than 100 publications in
refereed conferences and journals. Her research areas are
wireless communication & software Agents.

She is Member of professional Societies IEEE, ISTE, and
Fellow member of IETE & IE

Ramadevi Rathinasabapathy born at
chidambaram on 5" March 1969. She
graduated from Annamalai University in
1992 with Bachelor’s Degree in Electronics
and Instrumentation Engineering. She has
received her M.E in Electronics and
Control Engineering and Ph.D from
Sathyabama University, Chennai in 2004
and 2013 respectively. Presently she is working as a Professor
in the department of Electronics and Instrumentation
Engineering, Sathyabama Institute of Science and Technology,
Chennai. She has more than 21 years of teaching experience and
10 years of research experience.

Guided more than 10 master’s dissertation and more than 100
B.E projects in the area of Electronics, Instrumentation,
Microprocessor, Microcontroller, Digital Signal Processing,
Neural Network, Fuzzy Logic, Wavelet Transform etc. Her
areas of interests are instrumentation, condition monitoring,
signal/image processing and analyzing, applications of artificial
neural network, Fuzzy Logic and Wavelet Transform and soft
computing. She has published about 20 research publications in

various national/international journals and conferences. She has
successfully completed 2 R&D sponsor projects in collaboration
with IGCAR as a co-investigator in the area of artificial neural
network and wavelet Transform Techniques.

She is a life member of Instrument Society of India (ISOI).

Marshiana  Devaerakkam  born  at
Nagercoil, Tamilnadu, India on 25t
November 1979. She graduated from

Kalasalingam Engineering College with
Bachlor’s Degree in Instrumentation and
Control Engineering. Later she completed
her post-graduation in Process Control and
A& Instrumentation from Annamalai University.
Currently she is pursuing her research at Sathyabama Institute
of Science and Technology. Her research areas are Process
control, controller design and soft computing techniques.

She is currently working as Assistant Professor and having
teaching experience of 13 years. Her areas of interest include
control system and process control, Soft computing techniques
and control algorithms. She attended various workshops
conducted by the industrials. She guided several student
projects and she made research publications in diverse Journals
and Conferences.

Sujatha Kumaran born at Chidambaram,
Tamilnadu, India on 17" July 1971. She
graduated from Annamalai University in
the  stream  of  Electronics  and
Instrumentation Engineering. She is a Post
graduate in Electronics and Control, and
obtained her Ph.D from Sathyabama

g University with a specialization of Signal
Processmg in the year 2016.

She has more than 20 years of experience in teaching and
currently, she is the Professor in the Department of Electronics
and Instrumentation at Sathyabama Institute of Science and
Technology. She has published around 20 papers in various
journals and conferences. She has worked as a Co-Investigator
in a R & D project in the field of Ultrasonics in collaboration
with IGCAR and successfully completed it. She has guided
around 100 students’ projects in the UG level and around 10 in
the PG level in various fields.

How to cite this paper: Krishnamoorthy Narasu Raghavan, Suriyakala C D, Ramadevi Rathinasabapathy, Marshiana
Devaerakkam, Sujatha Kumaran,"Performance Analysis of Convolution Code with Variable Constraint Length in

Shallow Underwater Acoustic Communication"”,

International Journal of Computer Network and Information

Security(IJCNIS), Vol.11, No.2, pp.13-20, 2019.DOI: 10.5815/ijcnis.2019.02.02

Copyright © 2019 MECS

1.J. Computer Network and Information Security, 2019, 2, 13-20



