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Abstract- Reliability and efficiency for data transmissioraplimportant role in data computer network. As
communication system is nondeterministic in itunatso reliability of data transmission deals witbbability

of error. Generally two techniques forward errorrection (FEC) and channel coding are employecbtrol

the error in communication system during data tr@ssion. The proposed technique is a channel coding
technique which improves efficiency as well as afglity of data transmission. In this technique
Multidirectional parity code along with Hamming @dre employed on communication system to detett an
correct the error in data as well as check bitsedundant bits generated from the data. In the queq error
detection and correction technique Multidirectiopatity code is used for detection and correctiberoor in
data part and Hamming code is employed for deteaitd correction of error in multidirectional pgritheck
bits or redundant bits in received codeword. Thdieque can correct four bit error, three bit efrom data
part using Multidirectional parity code and one dgitor from redundant bits, in received code vedtrcoder
and decoder for proposed technique has been reéalsding MATLAB.

Index Terms- Error Detection, Error Correction, Bit Overhead (B@ode Rate (R), Reliability of data
transmission .

1. INTRODUCTION

As the demand of data transmissiotwo errors and detect up to five errors and congpére
increased, reliability and efficiency of datawith two different techniques of three dimensional

transmission system becomes more advisable. Therity check codes in terms of code rate and oeethe
reliability and efficiency of data transmission caa v/ Gupta et al. [2] presented a review on variouere

improved by making use of channel coding andqecting and controlling techniques. The best

source qodlng techmqges respectively. Source gocj"@echnique out of presented techniques is seleated o
deals with transformation of data from one form to

another whereas in channel coding the data is maH-be ba5|§ of qccuracy, compIeX|ty_ ar_ld_ power
secured from the noise by making use of errdfonsumption. It is concluded that Viterbi is most
detection and correction techniques (EDAC). Up té&fficient error correction technique over a long
now a number of EDAC methods are proposed tdistance communication. M. Kishani et al. [3]
protect the data from noise but the reliabilitydafta proposed a high level error detection and corractio
transmission is still a big challenge in noisyiechnique known as Horizontal, Vertical and Diagona
environment. kgHVD) code for multiple error detection and

This paper presents a reliable and hig orrection. This technique uses parity codes irr fou
efficient technique for detection and correction of ' q partty

error. The proposed EDAC is based orflirections in a data part to improve the reliajpilif
Multidirectional parity code with Hamming code. Inmemories. The proposed technique is useful for
this technique Multidirectional parity code sectine  applications like memory systems where high error
data part and Hamming code provide security tdetection coverage is important. M. Imran et aJ. [4
redundant bits against burst error in noisyroposed a technique to improve the reliabilityaof
environ_ment. Int_his technique MuItidirectionaI ibar given off the shelf component by manipulating
code with H"’?mm'”g code can correct four bit of BITO software based error correction algorithm of it's
three error bit from data and one error from recumd . . ; .
bits that characterize data. already e.X|sted.4—D .parlty codes. Thls technique ca
correct triple bit adjacent errors, without advérse
affecting the performance of system. P. Sharmd. et a
[5] proposed a matrix method to detect and correct
single bit error. This method works on even and odd
N. Babu Anne et al. [1] proposed arfo parity. This method checks horizontal and vertical
dimensional parity check technique which can cdrrecparity bits of transmitting and receiving data.

2. LITERATURE REVIEW
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3. PROPOSED METHODOLOGY

The proposed technique is a combinatiot
existing Multidirectional parity code and amming
code. At transmitter end, theformation which is tc
be transmitteds converted in binary data aistored
in a memory of sizec X y (x= No. of rows ancy=
No. of columns) On this binary da, stored in a
memory section, Multidirectimal parity code i
applied. Application of Multdirectional parity cod
on binary data generates parity bits also know
multidirectional parity check bits in horizont
vertical and directions. These multidirectional ipa
check bits ardurther encoded using Hamming co

For generating a systenatodewor: these check bits
are appended at the end of d&aw this systematic

codewordwhich contain data as well as redundant
is transmitted through media. At receiver end,
received codeword is decoded using Multidirectic
parity code and Bmming code decoder to detect i
correct error in data andultidirectional parity chec
bits which characterize datdhe general model fc
communication systenusing multidirectional parit
code and Hamming code is show Figure 3.1 [8].

Multidirectional Hammin
Data [ paritycode > ;
code Encoder
Encoder
Channel
Multidirectional Hammin
Data (€ parity code E k
code Decoder
Decoder
Figure 31  Communication  system  usi

multidirectional parity code and Hamming co

3.1 Encoding of data

At transmitter end, or encoding o
informationit is converted into binary data astored
in a memory of size x y. After it Multidirectional
parity code is applied on thisnary dat to protect it
against noise. Application of Multidirectional ptgr
code generatdsorizontal, vertical and diagonal par
check bits using modul@-addition. These encod
check bits are known as redlant bit. To form a
code vector theseencoded parity checlbits are
appended at the end of data.

Considerm = 9 bit binary data is stored in
memory section of siz8 x 3 and multidirectiona

parity code is applied on it. In multidirectionadrty
code implementatiol, V andD represent the number
of errors in the horizontal, vertical and diagoodl
data part respectively, given H = (hy, hy, h3),

V =(v,v,v3) and D= (d,, d,,ds, dg4 ds)
where, , h,,hs,v,,v,,v5 aNC dy, d,,ds, dg, ds
represenpositions of error in horizontal, vertical a
diagonal directions respectivi [8]. Generation of
multidirectional parity check bits in horizont
vertical and diagonal directiens shown in Figure 3.2

[8].

I_.-"
(V[ ‘lv‘:; V_q \
-
hy | my | mp | My
H=<hy | my | my | my | d
hy | my | my | My | d;
——
Gi_q:"'D
dy
ds

Figure 3.2Multidirectional parity check Its
generatio
The expression of calculating horizont
vertical and diagonal parity check | are given as

Calculation of horizontal parity check b(H)

hy = m;1®&m,,dm,3 (3.1)
hy = my; ®m,,@m,; (3.2)
h; = m3;®m3;,@ms; (3.3)
Calculation of vertical parity check bi(V)

vy = my@my@ms, (3.4)
vy = My @My, Oms, (3.5)
V3 = My3@Mmy3Oms; (3.6)
Calculation of diagonal parity check b(D)
di=mq3 (3.7)
d, = my,@my; (3.8)
d; = my;®m,,®ms;3 (3.9)
dy = my@®ms; (3.10)
ds = may (3.11)

These calculated multidirectional parity check lits
encoded using Hamming code before transmis
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Figure 3.4 Hamming encoder

After the calculation of multidirectional 3.2 Decoding of data
parity check bits Hamming code is applied on these At receiver end, Hamming decoder is used to
redundant bits for detection and correction ofemo decode the redundant bits and to detect and correct
them and transmitted with the data. single bit error from multidirectional parity chebks.

Consider hq, h,, hs, v;, v,, v3 and When the transmitted code vector is received, aypar
d,,d,, d3,d,, dsare multidirectional parity check bits bit is calculated over each group of bits
and ry, 1,7, and g are Hamming check bits in (Multidirectional parity check bit and Hamming i
Hamming code [8]. On applying Hamming code orcheck bit) and stored in a syndrome value fromtrigh
multidirectional parity check bits the Hamming pari to left. Parity for check bit 1 and its associalés are
check bits are generated by setting even parity oveightmost in the syndrome value, parity for cheitk2b
each Hamming check bit and its associatednd its associated bits are to the left, then ydoit
multidirectional parity check bits using modulo-2check bit 4, and so forth. If the syndrome valu®,is
addition. Figure 3.3 shows the positions of Hamminghere is no error in multidirectional parity cheloks.
check bits along with multidirectional parity checkFor single bit error, the syndrome value identities
bits in the Hamming code vector or check bit vector erroneous bit, which needs to be inverted.

Consider pq, P2, P4 and p, are syndrome

BUBDTIT0DY 76543 11 pisin a syndromé. Calculation of syndrome bits
are given as
by [y | B v | o v (| ra | dy g | re| 45 [ 12| T p1=d5®d4®d2®d1®vz®h3®h1®ﬁ( "
31
Figure 3.3 Hamming code vector/ Check bit vector P2 = d5®d3®d2®d1®v3®v2@h2@hl(?l%

Expression of calculating Hamming check
bits from multidirectional parity check bits arevgn P4 = d,®d;Dd,dv,Dh; Dh,Dh, O,

as (3.18)
1 =ds®d,®d,Dd,®v,Dh;®h;  (3.12) Ps = d1OVz; BV, BV, Dh;Dh;Dh,Bry
1, = ds®d;Dd,Hd, Dv; v, Dh,Bh, (3.19)

(3.13) Decoding of redundant bits in received code veistor

1, = d,DdsDd,Hv,®hs®h, Bh, (3.14) shown in Figure 3.5

T‘8 - d1®v3®v2 @v1®h3®h2@h1 (315) Singlebiterror
Hamming check bits shown by (3.12) to ek Q
(3.15) along with multidirectional parity check it " |h1|h} I [@ m|d5

h_q‘V[‘V; V_q‘[[;‘fg ll’; f}‘

]

given by (3.1) to (3.11) are known as redundarg bit S i
and sent with data as check bit vector. Generatfon |—|
check bit or redundant bit vector using Hamming AL
encoder is shown in Figure 5.5.
Mulidirectional parity
bits |h1|h2|h5|VI|VJ|V5|d1|d)|di|di|d5| )@_
—1
Al
] 3@
P=py by by 1)
Checkbi Roston of o it
v (g |y (s (v | v s [d [ [ [ds e e [0 [ [ | Figure 3.5 Hamming decoder
>EHammmg This codeword which has been decoded by
o ™ Hamming code decoder is again decoded using
L2l B Multidirectional parity code decoder and equations
;E from (3.1) to (3.11) are recalculated to detect and
correct the burst error in data. To detect thereimo
’E received codeword multidirectional parity checksbit
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are regenerated from the received data and L3 ‘ ‘ ‘ ‘ ‘ ‘
positions of these parity bits are compared with th

received one. If comparison does not reflect an ftfo.»gu:;MEJ

difference between received and recalculated paril ; (e

bit position andH =0,V =0 andD = 0, it shows $‘ |_| ‘ | ‘ H_,_

that the received data at the receiver end is n<§"1 Y L L — ‘J — ‘J E‘ — L |

affected by noise and if the comparison reflect: 1 (e

difference between the received and recalculate (Tt Cce o

parity bit position and? # 0 orV # 0 orD # 0, ‘%1 Cmm/"{ﬂ&rwm

the erroneous parity lines are identified and then am_‘ v | | |_| | ‘ ‘ | N H_,_\

correction process starts [1, 2]. R
The position of error bit in received data is 1 (o oty

detected by determining the intersection point o ) Reied ot Ve

corrupted parity bits. The Intersection point of al Cmpti

corrupted parity bits indicate the position of erbit
in data and this corrupted bit is changed from 0Dty

[ A L

1 0 1 0 ) 0 1 1 1

1 to 0 to get the correct data bit.. Detection sfrayle ety
bit error is shown in Figure 3.4 [8] in which dadhe (0 Receed Mese Vet
circles show corrupted bit position in horizontal, et
vertical and diagonal directions and continuousleg | | | \ | | | |
show the error bit position in data part of recdive *; ) " ) | ) " " |
codeword k(o ofcaty
) (e) Conrcted essage Vector
v Figure 5.1 Single bit error detection and corrat{ia)
A Message vector (b) Transmitted code vector (c)
Received code vector (d) Received message veqtor (e
( P \ Corrected message vector
bw b ow
i Le) W 11 ! I s A e
S | [ ! I 1 I [ 1 |
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k v M o L | | | | L |
H'—’:‘,Ih}.'mﬂ My 4 My dj A
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h.i g My Ml 43 d} ‘ Cemyed b n i
By
i ! -
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3 (t) Recesed Code Vector
i 4 Db bt eorindea
3l \
i | | | | / \ \ ‘
ds 1 I [ I [ 1 ' [ [
— k (oofdrabis)

(d) Reeamed Messa Veeor

Figure 3.6 Regeneration of multidirectional pabitis ik
for error detection and correction a1 /
1 e
5. RESULTS .
: & (oofcaty)
The proposed technique is implementec. (e Conee eV

using MATLAB. The results obtained after Figure 5.2 Double bit error detection and correctio

implementation of this technique for burst error (&) Message vector (b) Transmitted code vector (c)

detection and correction are shown by Figure 5.1 fgeceived code vector (d) Received message vegtor (e
5.4. Corrected message vector
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HVD code can also correct up to 3 bit error witghhi

efficiency but bit overhead is maximum and Code

Rate is minimum as compared to 4-D parity code.

But

in case of all EDAC codes if redundant bits are als
corrupted during transmission they are not captible
detect and correct the error in redundant bits. The
proposed technique can correct four bit error, ghre

error bits from the data parts and one error lmimnfr

redundant bits, in received codeword with acceptabl

Code Rate and Bit Overhead. Performance

of

proposed technique over other burst error corrgctin

code is given in Figure 5.5.

Table 5.1 Comparison between different

| 0 0 ) ) 0 ] | 1 EDAC codes
E (e of cambity)
(0) Recefvad Message Vector
Cormegted Dt Gty s L th £
. eng " rror
?1 ‘ L/‘/V ‘\) .| Error Data of code Bit Code correction
N ‘ N . bi Redundant Overhead | Rate bili
b i 1 : 1 . " ; | correcting its bits () vector (BO = (R = capability
§ oty 0 | code (k) (n= r/k) k/n) in No. of
(g) Corrected Message Vactor k+1) bits
Figure 5.3 Triple bit error detection and correatio
(a) Message vector (b) Transmitted code vector (c)
Received codevector (d) Received message vecto[ ; | Hamming | . 5 31 10.23% | 838 1
(e) Corrected message vector (31.26) %
- ‘ | | | ‘ | 2 BC2(7?):1,1 16 15 31 93.75% 51%/'06 3
RS(64,57 89.0
0 | W
i ; 1 ! 1 ! ! 3 7) 57 7 64 12.28% | o 3
ko i) 581
; v 4 HVD 64 46 110 7L87% | G 3
7. 4-D parity 67.3
RN Multidirec
(Vg cadsvord ) tional
(b) Tanstited Code Vecror parity 64.0
6 . 64 36 100 56.25% 4
. Tepietiteror . pt Egehtencadeit code Wlth ° 0%
i / s ; Hamming
’QH\\/\\ \ ! \rlﬁl— code
VR (A (S A A A 2 M A T N A
1 (Noof coeword is)
(¢) Recizved Code Vector 100.00% _—
Trpebiterror 0 de .15
1 0 0 0 0 0 ) 1 1
k(Soof G bi) £0.00%
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(mr\ed\]’sndzlz 70.00%
= I e  am
0 1 0 1 ] 1 1 1 ’
(ool diatis)
- - () Corrzeted Message Vector - 50.00% ‘
Figure 5.4 Four bit error detection and correcfian 'BE"‘{E"EL“W
Message vector (b) Transmitted code vector (c) £0.00% [Cud r;a:
Received code vector (d) Received message vector '[R:I:,n) :
(e) Corrected message vector 000
) ) 2000%
On the basis of Code Rate and Bit Overhea
the proposed scheme is compared with other EDAI 1000%
codes as shown in Table 5.1. It is clear that Harmgmi
code has minimum Bit Overhead and maximum Cod %% _
Rate but the error correction capability is 1 BEH Huning (109 BCHOLIET) RSG47))  HVD 4Dpatycods mﬁc‘mﬁ
code and Reed Solomon both can correct up to thre Hammingeods

bit error in received codeword but in the case ahb

methods decoding algorithm is too complex. The

Figure 5.5 Performance of different EDAC codes
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6. CONCLUSION correction”, PARIPEX- Indian Journal of

This paper presents a technique which Research, Volume 3, Issue 5, pp.79-81,

comprises Multidirectional parity code with Hamming
code for detection and correction of burst errothwi
improvement in reliability and efficiency of data
transmission. As this technique is compared with
other EDAC and it is found that the error correatio
capability of proposed technique is four errordid
architecture for encoder and decoder are less empl
than other EDAC. The proposed scheme can be used
efficiently where retransmission of data is
complicated and so costly and check bits in coddwor
are also corrupted by noise. This technique can
correct three bit error from data as well as orte bi
error in check bits. The Bit Overhead and Code Rate
for this technique are 56.25% and 64% respectively
which provide better results for error detectiord an
correction than other techniques.
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