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Dagizn of an Error Ceorrectine Decoder Using
Convolutional Codes
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Abstract, Aenendently at about the gsame time. In

In this paver, 2 “eneral orocedure ig
formulated for Aecodine any sonvolu-~
tional code with the Aercoding Aelsy m
tlocks that corrects all bursts aonfined
tn m-1 or fewer consecutive hlonks foll-
owed by a ~uard snace of at least m-1

concenutive error free blonks. It is
shown thst this orocedures can he imple-
mented by a gimnle lorieal circuitry of
the =ame order of complexity Aas a narity
cherkine ecirecuit for a block linear gode,
Using the Type-B2 codes analysis, the
arror correcting Aecoder for (18,12)
~amvolutional aode with A~uble errors
hetween mereares ig ohyeinally Aesined,

9

1. Introfduction

The ronvolutional cofes for norrecting
burst errors falls into two cateccories,
the Type-By burst error correctins codes
and the Type-Bz burst error correctin:
[t]

The Type-Bo codes were “irst studien

codes,

by
the Optimal Type-B, (no, ng-t) cofes for

Wyner and Ash in 1963 and they found

Ne=2,3%,4, Based on the Yyner and Azh's

work, Rerlekamp formulated s ~eneral nro-

redyure constructin~ the Cntimal Tyno-B?

(ng,nn-1) nnies f~r any ng., Prerarata

Adienovered the same class of noden in.

1965, Massey devised a decodine procedure
for the Berlekamp - Preparata coﬂns.[?,?,ﬂ
Fapr the burst error corr-ction, the
(mn,,mke) convnolutional eode is analyred
by the BFM codes' analysis in the Type-B,
burst error correctinr codes,
2. Convolutional ecodes
(1) Matrix dsscription
Since the parity bits in a convolutional
code check the information sycmbels in
blocks nrenedins the present hlock, the
basic parity check matrix is ziven by [5]
h - [FmTo  Pm-fo . PlTI] (1)
where the (ng-ko) by ko matrices Pf are
arbitary, and O and I represent the all
#er0 and identity matrices of order (ng-
ko) respectively. An n-tuple ¢ is a code
word in the convolutional code encoded by
(1)
o =

if and cnly if
0

en.
(2)
where ﬁrdenote the transpose of the parity

check matrix

HerPyl I (3)
rfo  plI
Pl 0 Ppot 0 een... PlI
where

hlank snaces in matrix reoresent

[15]

zeros,
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(?) Fneoding

The convolutional enchderll] by ~al3)

shown in the fi ure 1 oner~tes as follows,

With the D-F switch ir vnosition D(Data),
the ko data bits of the block tr~ be en-
cnéed are shifted into the DATA REIGISTER
and Airectly out to the channel., The
switeh is then thrown to roction F and
the ng-ko nrarity checlks which comrlete
the block are read ocut tn the channel,
At this voint the encoder is ready to

enende the nevt hlock,

(?) Syndrome caleulation
Iet T he the transmitted code <enuence

and let E be the noise srauenre added by

the noise channel, Then the received seq-

uence, R at the outnut »f the channel is

R-T+E (L)
R can be rewritten as [1]
?~(r1(1) ri(2)...ry(no) ro(1) rp(2),
rolno) ....rp(1) rm(2)...rm(no))
whare rg (i) = tp(it+en(i) for i-1,2..m0
The syndrome of this received senuences,
$ ig defined as
s - RHT (5)
Thus, S is also a semi infinte seruence
»hich conaists of ordered blocks
S—(sl(l) s1(2)... s1(no-kg) s2(1)...
so(no-kg).us spl1) spl2)... sping-
ko)) (6)
where the mth block consists of (ng-k,)
syndrome dirits
sml1) sp(2) ... splng-ko)
From ea(6), the (ng-kg) syndrome dicits
of the m-th block are obtained as follows

ko

K
spm(§)=rp(ko+i) + 2 rm(3)eq (i, 1) +FE
15 5
rm.,i,(i)qz(l,?)+ Lot # rl(i;
(i, ) (7)
for i=1,2, ...., (ng - ko). Since R=T+E
and THT = 0, we obtain
& - RHT - py? (8)

1, Tyna-Bz Conleg
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(1) Bounds

The bur=t ecnrrectins ability b of a code
with 7gne-By, burst correctine ability by
is bounded by

byt{ng-1) 2 b = by - (ne-1) (9)
This upper bound on b and the upper bound
on b, iriven by wyner-Ash[5]yield

bs (m-1) (no-Kg)

+ Ng=1 (10)
_n_g ]

(?) BFM Codes

In BPM codes nn code word can have one
burst sonfined to the m-th bhlock while
hu=»st ie in come other ng-bit hlock.
That is,

EHT #o0 (11)
where F is of the form

E, 000 .. Ej .ol 0
where Ey reorrsents a (nonzero) turst
confinet to the 1st block and Ej revresents
a burst con®ined tn the i-th block,

The rarity check matrix of such a code
is the form

H —7[51 By ... Bp ] (12)
whera B;j is a Aown-shifted truncated of
CHIE EFENTS!

With the upner half of By snecified as
I, flementary row oOperations can trans-

form [Blaj] to the form,

? Yj (1’1)
¢ Y,

Thus [Blaj]is nongiular if and only if
the ng by no matrix Yy is nonsingular, [6]
In Berlekamp's workgd it is zhown that
it is possible to chocse By such that all
Yj are rendered simultaneously nonsingu-
lar,

By = I ] (14)
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—
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{1) Block Aiarram that i

The block Ata~ram of the burst norrec- $5170, 3227544, 523: Sy2+513 " (19)
tine Aecoder is shown in Fis 2, The where Sy 4 represents the i-th bit of the
syndrome is calrulated as ususl and stor- i-th half of the syndrome, Similarly, if

ed in the Syndrome Eevister. If the a burst occurs in the second block, third

burst occurs in a block, the relation- block . . . . , the three binary equations
ships amono the syndrome bits hold, the are ~iven by the came way.

outrut of the Error Correction Loric The complete decoder for the {18,12) con-

Circuits is = 1; otherwise it is a 0. velutional code is shown in Fig 3,

If it is a 1 and if all the errors affec- .

tinz the bits in the decoder are confined S, Computer simulation and Experiments

to a sinmle npy-bit block, these errors

occurs in the block, The ny data bits (1) Computer Simulation

affected by the burst asan be norrented by e T 3wl 200 oot 39

addin~ to each the anvrovriate svndr»nrme BRI e ;9°°£&ﬂ'~swivmu Gero 1
101 i o= B G

bit, As a result, the errors are elimi- T “““'”““C2$§:kifuﬁf¥:?.m=“,z

&KLY -

- INT CISEL} » Si(4) + S{%)
e X f 21, THEN . 6070030
1040 B2 w 1: GGTO 1080
1050 P2 < D
1660 1F Py o« FZ o« 5133 5 = | THEN
LLIG 10bU

3 he r i
nate” in the Aecoder hefare the recaiver, 10 FRINT S INFULES, “40UIRUTE-
36 BIN A11Z), See

S OFUR L - 4w e

w0 GUbLY 100w

(2) A Decoder by the (18,1?) convolue v :':L“ frer T ATNO) e AL ygug kg - L 6014 osa
wy L INT WA 7 2) THEN boxosisi
tional code. o bu:./ ;ux‘zu o iF Pl‘j 13- :; = 1 THEN GOTQ
w LTy 12y
For the :18,12) convolutional ccde, T e s e sure s j0 e s v Guto b3
IRV GUIU 1A 30 #2584 x pe
the parity check matrix is given by ens, R LU
B R 1L ) 1iSU M~ 4 SLlu Ktsu
(172} and (1b), bev o MERD W Dieo Ly s s
Tou Tl Srieiezi i gy o L MR FLbers -
H - 001 (15) : L Lt
c10 001 195 PG s 120 s
o0 ;O;’;':‘l _— 1200 4‘:r ATIZI 5 P2 OTHEN  GOTU tg
100 010 001 210 0OSUL 1000 LUIL DT - L GUlu 230
. 220 FUM L = o 10 2 SFEP - | 120 BT e oy >
000 100 010 001 236 SiLy = S~ 4 1250 i \; 4z 10 2 ster - o
i:: s':‘ft"-‘FJ 12U ALI) - ) - g
100 000 100 010 001 240 PRINT Fap~ikdi" 1F3,01;77)0 :::-La ,X:TI,.J.‘_»
. : z
110 100 000 100 010 001 ey
If the burst occurs in the first block,
then the =enond half of the syndrome (2) Fxveriments
must be Code words can be calculated by eas.
S, - Ey [312]T (16} (2) anda (15)
Where E1 denotes the burst, By, denotes €= 100 100 111 010 011 111 (20)
the lower half of the matrix By, and Sp 010 001 10C 110 010 001
is the second half of the syndrome, In 100 110 100 001 01C 111
other words, since the first half of the : : . : : :

syndrome in reverse order Sp is identi- In Fic 3 if the code werds given by eq.(20)

cal to Ep, if were received sequences, the syndrome
Sp + 51 [B1Z]T = 0 (17) sequences 000000 stored in the syndrome
the burst occurs in the first block; revister, These are the correct code
Otherwise it does not ocecur, words, Tf the burst occurs in the first
From ens, (15) and (17) block, second block, third block,..i..,
So + 51 011] - 0 (18) the ayndvome cenpennes 010110, 101100,
‘ {8 8 é] t11000,... are respectively stored in the
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syndrome resister,

R . } . Block 1
If the received senuences were as 01]0wS Daan i ]ﬂlL
e L

R= 100 100 111 100 011 111 (21}
100 001 100 110 C1C 001
000 011 100 100 11C 11C
the corrected data are ~iven by the
evrerianent as follows,
D= 1610 11 01 01 11 (r2)
c1 00 10 11 01 CO
10t 10 10 11 11
Ry the experiment, the decoder shown in

Gip ? ie foumad Lo rorrect errors,

A, Comelusions

In rage »f usin tne parity cheok vat o
rix riven by wyner | Ach and beriekamo,
the syndrame seaquences are found o pe

s1jfted by one bit regnectively whenever

the burst occurg in the first hleock,?-nd

hlock,.... Therefore this narity ~henk

ratriy can he used in =m error corvectinge

Aernder for the (mng,mkg) convealutioral
usine ~ronvelutional

enies. These decoders

nnAes ape found to be ahle to the Frror

~rrrecrtion,

Fig 3. The complete decoder for (18,12)
convolutional code.
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