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Abstract

Bock Code (LBC) is a methode which is used to detect and comrest an error in data Eransmission
ssemmunication chamnel, In this rescarch, LBC was simulated by using two software simulsiors and
Emplemented in 3 hardwanre which was based of microcontroller. We have tested these simulzions
We concluded that they could nan well. The bit transfer rate in the hardware device is 2 hit's,
& & bow rate, but it is needed in order that user could manipulate error manusally in the time of data
Fis device also had another limitation, i.¢. the type of data error. The type of data error that could
¢ data iraasfer limited only to the Nipping from | o 0. Implementation by wsing ATMEGA &
= limifation which was ihe maximum size of G matrix. S0, user could only inpu the size of G
Sarge as m=10 and n=10. This limitation was caused by the size of data memory in ATMEGA &
2 KB. We could solve this particulss problem by wsing external memory of using a higher
pller specification,

ATMEGA &, ermor cormection and detection, LBC, micracangraller, simalsior.

CTION
The discovery of a vacuum tube marked a new era in modern computing. John
started the design of a general-purpose computer using the vacuum tubes.
era was marked by the discovery of a transistor. The advantages of transistor
er, cheaper and more efficient in power usage compared 1o the vacuum tube.
said that invention of the transistor was the one that started modern era in the
computing machines. The invention of the transistor allowed an integrated
) o emerge, because such components can be fabricated directly from a
tor material such as silicon. As a result, the components could be
% from a very thin wafer form. This technology allowed the integration of the
s in o very small size and also compact. This is the IC
% shis current era and the incoming era; IC design challenges still remain in the
: such as size, speed, and density, Only because of the limitations of the
ntal — in this case — the matter itself, then by the development of
techniques which have reached the size of nanometer, will meet its own
This limitation will lead to the issue of reliability. Energy consumpption
e, bt intrinsically become unreliable. Therefore. we need a new error
@ method, effective and efficient. This new error handling method iz generally
& Lncar Block Codes (LBC).
ATION THEORY
' o theory was first introduced by Claude E. Shannon in The Bell System
Soumnal under the title of A Mathernarical Theory of Communication in 1948,
 one of the engineers in Bell Telephone Laboratories, hence, this work. although
= on information, it was understandable that it was meant to telephony system
er. this concept was developed that it could be applied to all communication
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Furthermore, with the development of today communication technologs
the development of computing technology, the boundanies between communcss
computing itsell has been converged. Thus, a form of communication that looks
like using telephone lines, computer networks, cellular networks, and so on
distorted. It is like communication that occurs in a chip or electronic circuit. Thes
communication is simpler, but requires a higher accurscy. Because the intery
done in the lowest level. However, Shannon's thoery 15 still relevant because 8
some rules and restrictions that can be followed.

In some cases, this theory requires adjustment, such as the need for &
Based on Shannon and Weaver's paradigm for point to point communication’, &
paradigm of public communication at that time. The paradigm adds an observes
capable of providing data correction when an error occurs. Observer in this case &
codec mechanism with a correction capability. This data cormection capability e
done with a method that is concise and precise and do not overload the 5
candidate methods that can be used further - but requires further research - is
Density Code (LPDC)’. This code is part of a block of code that is widely used &
coding. With a low data density, but could achive Shannon’s limut

LBC
GENERATOR MATRIX

Linear code is a veclor space, where cach code word is a vector. Thus,
vectors with n-length is called LBC if and only if the s2t is a subspace of a vecios
n-tuples. Matrix representation of this code is an ideal way in order to describe i
code with a size of {n, k) is expressed by the matnx generator, G with dimensson
Each line G is an n-tuple, and each column is a k-tuple.

Therefore, row space of matrix G is a set of base vectors for k-des
subspace. Every code word, ¢ is a linear combination of the rows of G basss
information data d = (da, dy, ..., dy.1 ). then

¢ dgﬂa+d|“1+..1+-dh.|ﬂl.1 L&

with dy (0 <i <k-1), represent bits of information; and g (0 <i <k-1}, 15 a9
of G. Encoding procedure can be represented in matrix form as follows:
C=d.G 3
with G = [Py s ks | Il: The matrix G s called a generntor mairx of a 28
cosde.

PARITY-CHECK MATRIX
Matrix 1 is the parity-check matrix for the Jpencratos matrix, G. Matms
matnx with a dimension of (n-k) x n, such that e.H" = 0 with 0 indicating all ==
with a membership of n-k
This equation can be used 10 prove the validity of the vector G, namely
with 0 iz a zero-dimensional motrix membered k x {n-k). For the matnix G souch
sbove equation, the matrix H can be formulated as follows
H=[los | Plinionn ] i
P' is the matrix transpose of the submatrix P from G

SYNDROME

Let € = {cp, €1, ..o €a-1) i5 @ code word that is transmitted and r = (ro, 1y, <
word that is received ot the demodulator output. Word r can be the same or diffess
¢, depending on the noise in the channel. If r # ¢, it can be corrected by using eg
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e=r+c=(ch el, ., en-1). Word e is called error.

= receiving r. the decoder starts counting syndrome in order to locate emrors,
ects them. Syndrome is denoted by s:

e H' = (5,5, ., 8,4.1) ()

ore, the sum of the vector € and e, then the equation can be replaced by

fe+e)H =c.H +e.H' (5)
€. H" =0, thus the equation can be written simply be:

= H' (6}

sguation shows the relationship between syndrome and error. So, iFs = 0, then
i that ¢ = 0 or no error. But if s 2 0, then r # ¢, which means there error.”

TOF
[

s simulator, there are two hardware design, i.e. transmitter and receiver. The
sontains program that could process matrix G and user's input and then
mmatnx ¢ o the other. The receiver receives matrix G, process it into matrix H
csves matrix ¢, and also performs error detection and correction. Both of these
&n identical specification for hardware, but different in the program. Another
e position of wireless transmitter and receiver modules. The position of the
each device is placed in an order that the wireless transmitier module in one
ge to wireless receiver module in another device, and vice versa.

pessing module consists of an ATMEGAS microcontroller. This module uses an
erystal oscillator. For ATMEGA 8, the available ports are port A, B, C, and D.
=S Bt can be used for 10 are port B, C and D. This microcontroller also
L8 Read Access Memory (RAM), and 8 KB Read Only memory (ROM).
s=sign of this processing module can be seen in Figure |. External power
RS i used is an adapter that produces an output voltage of 5 VDC with a source

FESEERTARTRRAMm

|

Figure 1. Processing Module

= shows a flow diagram for transmitter. When the transmitter is tumed on,
wan for input. First, user should input the size and the values of the matrix
sows part of program that runs in the transmitter. It appears that there are
that have been defined in advance, such as subroutines in row 106
A e subrouting 1n row 160 (Konversi_Biner (m, M)}, the subroutine in row 130
0, and subroutine in row 250 (Tampil Matrix (m, m, g Gi). These subroutines
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are named in accordance with their respective functions. Thus, with just reading
subroutine mames. their functions could be understood. For exumple, subrc
Impat_MatrixG () i5 a procedure which is requesting input from the user for the values o

matrix L.

Figure 2. The Flow Diagram of Transmitter
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Figure 3. Program that Runs in the Transmitter
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cading RECEIVER
ubrousme After synchronization, the values of matrix G could be found in array varisble G
slues of iejj10). Matnx G will be converted into the matrix H in accordance with rules that has

‘Been defined. In this program, the conversion process can be read in Figure 4.
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Figure 4. Matrix G to H Conversion Program

Figure 5 shows flow diagram for receiver. Whe matrix H is formed, system will
Coset able,

SULTS AND DISCUSSION

Once the program is downloaded to the transmitter and receiver, on the transmitter
o) screen will appear "LINEAR BLOCK CODE" in the first line and *“TRANSMITTER
POULE" on the second line. System will be in stand-by state until the user presses the *

* Then svstem will prompt user to enter size of the matrix G. When entered, LCD
m will go blank. In this position, user should input values of matrix G per line. Armay
pd in this program to define size of matrix G (10 x 10) so it defines the maximum size
rix G which 15 allowed.
When these values have been entered (user still can edit them using arrow keys on
pad and press the # to delete). User can press * for entering values and rechecking
nx values with arrows in order 1o move the screen (size LCD screen is only 2 lines,
amows are necded to move the LCD screen). After checking procedure is
ed, user should armange the position of transmitter and receiver modules so they are
line of sight (LOS). The recommended distance for transmitter and receiver modules
een 3-10 cm. User can then press the * to stant synchronization process. Each bit
sent with a time delay of 0.5 5. The synchronization process is completed when the
sreen shows an instruction 10 enter values of matnx d, and LCD screen in receiver
*MODULE RECEIVER."
User can enter the value of matrix d and then press * in transmitter to initiate the
of encoding and sending data. When user wants to make an error, it could be done
genting an object between transmitter and receiver modules LOS for an interval
amately 0.5 s. Once the data is received by receiver, system will calculate matrix H,
and matrix 5.
Detection and correction process will be done accordingly, so that when there is an
(8 will be immediately corrected by system. Testing without error shows that system
perform well. For westing with error, for some carefully selected cases, shows that
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system also well perform. Therefore it can be concluded that for reception conditions
or without an error, the systermn has also been able to work well.
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Figure 5. The Flow Diagram of Recciver

CONCLUSIONS

ATMEGAS microcontroller is a microcontroller which is produced by AVR.
ATMEGA family, ATMEGA 8 has the lowest specification. From the tests carried out &
this research, it can be concluded that microcontroller with limited capacity is also able
handle the process of sending, receiving, detection and correction of data properly. Ex
with a memory that only 2 KB for data, system is able to handle various kinds of d&
which are necessary for process, although some adjustments are necessary,

In the transmission process, datn are sent wirelessly between transmitter
receiver modules. Each bit of data iz sent with the interval of 0.5 s. This means that
data transfer rate for this process is 2 bps, For data transfer, a value of 2 bps is very lo
Although, test showed that system was capable of handling all processes (send, reced
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von and correction) with no errors.
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