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Abstract

One way to increase the performance of Orthogonal Frequency
Division Multiplexing System (OFDM) system is by adding a channel
coding (error correction code) in order to detect and correct errors
that occur when sending data.At communication of acoustic
underwater channel coding is required because of the characteristics
of the channel bottom water is much different compared with the air
channel and errors are likely to occur.In this research it was made
simulation of acoustic underwater communication system with
OFDM applied channel codingin which using Hamming code (7,4)
and Hamming code (15,11) that is able to correct one error and
detect two errors then BCH code capable to correct two errors for
BCH (15,7) and correct 9 errors forBCH (127,64) and Reed Solomon
code able to correct two errors for RS (15,11) and correct 8 errors
for RS (31,15). Results of the study confirm the better performance
when system usesOFDM with BCH Code (127.64) than other codes
that are used, starting from 1 decibel (dB) to 3 dB for the
performance of BER as103 on Additive Gaussian White Noise
(AWGN) channel while at the multipath channel, the performance of
Bit Error Rate (BER) got better result on 1 dB up to 8 dB for BER
performance as10-3.

Keyword: Underwater, Orthogonal Frequency Division
Multiplexing (OFDM), channel coding.

1. INTRODUCTION

Alkydiz [1] in his paper presents a state of the art underwater sensor
networks, and gives an overview about challenges of underwater acoustic
channel in the monitoringsystem the environmental conditions of the ocean
bottom. Itis also given directives for researchers in building a underwater
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sensor networks systems to produce a reliable underwater communication
system in application of environment monitoring and exploitation of
undersea natural resources. Stojanovic and Citre [2] in theirpapers have
given direction for the research of underwater acoustic communication.
Manjula and Sunilkumar [3] in theirpapers have given a description to create
an underwater applications which able to work well, it takes an efficient
communication protocol on underwater equipment based on wireless
technology, due to the high attenuation and scattering processes that affect
radio waves. In this paper it is also discussed about the underwater
communication system usingacoustic signals. JordiRibas and Daniel Sura [4]
in their paper reporting discusses how video transmission on the underwater
channel where to improve the transmission performance using not only
OFDM but also channel coding such as BCH code with various code structure
which can fix error that occur when sending data through the underwater
channel. The appropriate channel coding can increase performance and
efficiency ofsystem, particularly on the underwater channel withhigh
damping, limited bandwidth and also there is a Doppler effect. In addition,
the presence of noise that occurs because of a limitation hardware and high
damping [6].

2. Modeling of Transmission System of Underwater Acoustic Channel

Figure 1 showsblock diagram block of OFDMsystem using channel
coding (corrections error codes) on underwater multipathchannels. Systems
are divided into three main systems namely systems on transmitter OFDM,
underwater channel and system in receiver OFDM [6].
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Figure 1.Block diagram simulation system

2.1. Transmitter System OFDM

In the transmitter system, there is a generation of information signal
such as binary random with number of bit 616.000 bit and image gray scale
at size 273 x 184 pixel.
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Figure2.Information signal (a) Binary random (b) Image grey scale
For image data it has been conducted process source coding process using
Discrete Cosine Transform (DCT) technique with dividing image of grey scale
into block 8x8 where each block present spatial domain(distance) into
frequency domain(frequency of emergence grey scale) by applying equation

(1)[8].

C(u,v) =a()a(v) Zf;ol Zg;& f(x,y)cos [H(Zj;l)u] cos [n(zi;l)u] (1)

where C (u, v) is the coordinatespoint of the matrix which has undergoneDCT
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transformation two-dimensional. M and N are number of columns and rows,
a (u) and (v) is result repositorywith value determined from coefficient value
of uand v, f (x, y) is pixel value of matrix at point (x, y), valued at 180°. The
next process is the formation of code-word with channel coding, for
Hamming code for (n, k) formation of a code-word can be obtained from
equation (2) [7].

C=d.G (2)

where G is generator matrix for Harming code (nk) and d is bit input
encoded.

Generator matrix for Harming code is able to be generated by
combining between bits of identity matrix and bits of parity matrix.The
evocation of matrix generator is shown by equation (3) [7].

G = [ng(n—k) Pl ] (3)

The process of forming a codewordfor BCH code (n,k). Bits from source
data entering to encoderare encoded with applying generator matrix. The
general form of generator matrix of BCH code is shown in equation (4) [7].

G = [ka(n—k) Pl ] (4)

The process of codeword formation with Reed Solomon code (n,km)
started by taking k bit data as much as *k bit and then changed into symbol
where each m bit represent one symbol.Furthermore, that symbols crossed
with generator polynomial which formulated in equation (5) ((x+a!) is
minimum polynomial of a%)[7]

IX) =g+ X+ @ X>+ -+ Gy 1 X T+ X =X +a' )X +

a?) ... (X +a?) (5)
wherea is element primitiveof GF(2m) anda®, a?, ..,a%'is element of
similarfield.

Process on OFDM started from serial to parallel process where
changethe data originally serial to be parallel as number ofsize of Fast
Fourier Transform (FFT) (in this case the size of FFT is 256), in this process
performed the process of pilot symbol insertion that serves as a guard
between one carrier and others (on OFDM useful for removing ICI)

The process of forming a symbol in OFDM using Inverse Fast Fourier
Transform (IFFT) that change one frequency become orthogonal against
other frequency. A process at IFFT can be shown by equations (6)[9][10].

x(1) = =X} X(kye2melx  (6)
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wherex(!) is signal output IFFT, then X(k) is signal is sent at time k and K is
number of subcarrier.

After forming OFDM symbol, next process is addition of cyclic prefix as
channel guard so ISI never happened. After that, data are transformed again
into serial so it is able to be sent through channel with parallel to serial
converter.

2.2. Underwater MultipathChannel

Data that has been processed in the sender subsequently sent through
the underwater channel. The underwater channel is simulated as a channel
with multipath fading and distribution of Rayleigh. Rayleigh fading is
obtained by rapidly amplitude signal fluctuations in a certain period of time
caused by receipt of two or more similar signals by the receiver due to the
plural. Additionally, on underwater multipath channel there is also
anaddition of AWGN noise where the AWGN is a noise with additive
character, which has function of a constant power spectral density for all
frequencies (white noise) and Gaussian probability.

2.3. Receiver System OFDM

The first process conducted in demodulation OFDM is process of
process serial to parallel converter that change serial datato parallel dataand
for next step is vanishing cyclic prefix. Process of unravelling symbol at
OFDM using Fast Fourier Transform (FFT) to elicit signals in the frequency
domain, processin FFT can be shown by equation (7)[9].

X (k) = LIS x(DeI2ma/K 7)

where x(!) is signal at timel, then K is number of subcarrier(value of
subcarrier assumed 256),and k is frequency index of K amount of frequency
and lis time index and yield X(k) as a value of spectrum for frequency k.
Decodingprocess is a data recoding process that is coded before by
using similar code and similar structure when coding process. For recoding
processcodewordwhich is accepted (r) with Hamming code (n,k) must be
recognized syndrome. Where syndromeis able to be attained from equation

(8)[71.
S=r.HT (8)

where HT is transpose of parity checkmatrix. And that matrix can be obtained
from equation (9)[7].

H=1[I i Pyl (9)
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From equation[8] obtainedwhen all element s is 0, then codewordhas
been accepted correctly. But if s contain bit 1, so bit error adjusted by parity
check analysis which one has error.

For recoding codeword which has been received with BCH code (n,k)
and n=15 conducted syndrome calculation with equation (10)[7].

S, = 1o+ nat + npa® + -+ ryatt
S;3= 1o+ r(@®* +rp(a®)? + -+ ry,(a®H)t (10)

If the first syndrome (S1) and the third syndrome (S3) are zero, decoder
doesn’t do correction. But if it is not zero, next process is arrangingerror
locatorpolynomial such as equation (11)[7]:

a(x) =1+ 01x + 0,x° (11)
where, 0; = §; ando, = 52 + 3

It is found error position by invert value of roots of equation. After that the
error bits are repaired by changing error bits (if previous bit is 0 then
become bit 1 and bit 1 become bit 0).

For recoding codewordreceived with Reed Solomoncode (n,k,m) and
n=15 conducted syndrome calculation with equation(12)[7].

5 = Py Hat $5ad g 4 watt

5, = to¥ 7 (@?)t +r(a)? +--F w(a)t?

S3= 19+ r (@) +rp(a®)? + - + 1@

S,= 1o+ (@) +rp(aH)? + -+ ry,(at)t (12)

Next step is testing all syndromes, and if all valued zero so it means that
no error and parity bits throw out then data bits will be kept at array. But if
not then the determinant matrix must be counted P[7]:

_[51 52

When determinant matrix P is zero, error polynomial e(x) achieved with
equation (14)[7]:

e(x) = e;;x'°9a" (14)
where error locator 0 = s2/s1 dan error magnitude ej; = S1/0
when determinant matrixPis not zero, error polynomial e(x) obtained with

equation (15)[7]:

e(x) = e x'08aBi’ 4 ¢, xloBabi” (15)
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where ei1 and ejz is error magnitude, Bi'and B:?%is invertfromroots of
equation a(x) = 1 + g,x + g,x2.

For getting the real code c(x), sum the receipt code r(x) witherror
polynomial e(x) as written in equation (16)[7]:

c(x) =r(x) +e(x) (16)

After having binary data, the first process for reconstructing is
converting that binary datainto decimal form. Then conducted
dequantization process, where quantization factor used must be similar with
the factor used before data sent. After dequantization, this data will be again
transformed be image data using DCT invert.

3. RESULT

This section compares the performance of BER of Hamming codes, BCH
codes and ReedSolomon code with system OFDM at underwater channel. For
Hamming code, the code structure used is Hamming (7,4) and Hamming
(15.11) and then for BCH code, the code structure used is BCH (15.7) and
BCH (127,64) and Reed Solomon code, the code structure used is RS (15.11)
and RS (31,15).

Figure 3a shows the comparison of the performance of Channel Coding
using modulation QPSK for OFDM system in AWGN channel. When Eb/NO is
worth 6 dB, the BER performance for Hamming code (7.4) is 4.6x10-3 which
means that when sending 616.000 bits of data so there are 2.832 bits of data
error then for Hamming codes (15.11) produces the performance of BER
9.7x10-3 which means than when sending 616.000 bits of data so there are
5,768 bits of data error. For BCH code (15.7) produces the performance of
BER of 10-3 which means that when sending 616.000 bits of data so there are
665 bits of data error on the recipient process, and then to BCH code
(127.64) produces the performance of BER 8 x 10-¢ which means that when
sending 616.000 bits of data so there are 5 bits of data error.

For code RS (15.11) and code RS (31,15) each has a performance of BER
1, 1x10-2 and 3x10-* where when there are 616.000bits ofdata sent, there are
6.960 data bits and 198 bits of data are error. In Figure 3b is indicated
performance comparison of channel coding with modulation QPSK at OFDM
system the underwater channel. To get the performance of BER of 10-3 by
using the BCH Code (127.64) need to Eb/NO at rate 10.5 dB then to BCH
codes (15.7) need to Eb/NO at rate 13.5 dB. Hamming code for (15.11) with
Eb/NO 18.5 dB can get performance of BER of 10-3, then for Hamming code
(7.4) need to Eb/NO as 17 dB and for RS code (31,15) need to Eb/N0O 11.5 dB
to get performance of BER of 10-3 while for RScode (15.11) need to Eb/NO as
17.5 dB.
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Graphics Performance BER Channel Coding OFDM QPSK in AWGN Channel
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Figure3.Graph of performance comparison of BER channel codingOFDM;
(a) AWGN channel,(b) underwater channel
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In Figure 4 the results are obtained when the Eb/NO as 9 dB using the
Hamming code (7,4) acquired PSNR performance as 9.65. Then, when using
Hamming code (15.11), PSNR performance attained 8.01. For BCH code
(15.7) PSNR performance obtained when Eb/NO 9 dB is 13.90 and BCH code
for (127.64) PSNR performance obtained is 23.328. Then, when using Reed
Solomon code (15.11) PSNR performance obtained amounted to 7.66 and
when Reed Solomon code (31,15) PSNR performance obtained amounted to
16. For visualization of comparative performance of channel coding can be
seen in Table 1 where the performance of the BCH code (127,64) is the best
of all.
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Figure 4. ComparisonofPSNR performancechannel codingOFDM system using
modulation BPSK at underwater channel

Table 1.Comparisonvisualofchannel coding
Code Eb/N0O =10dB Eb/NO =15 dB

e

Hamming (7,4)

Hamming (15,11)
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Table 1. Comparison visual of channel coding
Code Eb/NO =10dB Eb/N0 =15dB

BCH (15,7)

BCH (127,64)

Reed Solomon
(15,11)

Reed Solomon
(31,15)

4. DISCUSSION

This research usesOFDM system and compares three kinds of channel
codingin the underwater multipathchannel. Hamming code has decoding
complexity relatively simple so that its time computation is relatively fast but
the performance is not really good, inversely with BCH code with
complicated decoding complexity so that it causes long time computation but
best performance.Reed Solomon codes hasa simpler decoding complexity
than BCH code and causes the computation time more quickly, despite that
Solomon had Reed code performance is good enough. Computing time could
be improved by changing the structure of the code where the code structure
affects the coding rate (the larger the coding rate faster computing time) and
for some codes, code structure also affects the code performance because
every code structure has different error correction ability (BCH and RS
code).

5. CONCLUSION

Based on the testing OFDM system at AWGN channel and Multipath
channel, Hamming code (7,4) has better performance 1 to 2 dB than
Hamming code (15.11) for each condition of the channel (AWGN or
Multipath). BCH Code (127,64) has better performance 2 dB to 3 dB than
BCH Code (15.7) for each channel condition (AWGN or Multipath). RS Code
(31,15) has better performance 3 dB to 6 dB than RS code (15.11) for each
condition of the channel (AWGN or Multipath).
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For all, BCH code (127,64) has the best performance of all coding used
started from Hamming code up to Reed Solomon code for each channel
condition(AWGN orMultipath).
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