
CHAPTER I

I N T R O D U C T I O N

In recent years, there has been a g r o w i n g  i n t e r e s t  in 

e v o l v i n g  su i t a b l e  m e t h o d s  for a c h i e v i n g  r o b u s t  c o m m u n i c a t i o n  

u n d e r  h i g h l y  noisy, i n t e r f e r r i n g  and j a m m i n g  c o n d i t i o n s .  S u c h  

m e t h o d s  p r i m a r i l y  c o n c e n t r a t e  on using e r r o r  control c o des on 

the one hand to m i n i m i z e  the bit e r r o r  rate <BER> a n d  

i m p l e m e n t i n g  e f f i c i e n t  d e t e c t i o n  schemes' on the o t h e r  h a n d  to 

m a x i m i s e  the p r e d e t e c t i o n  signal to n o i s e  ratio (SNR)- Error- 

c o r r e c t i n g  codes have been d e v e l o p e d  as p o w e r f u l  tools to co m b a t  

r a n d o m  and b u r s t  n o i s e  for p r a c t i c a l  systems. I n t e r f e r e n c e  a n d  

j a m m i g  are o v e r c o m e  by e m p l o y i n g  s p r e a d  s p e c t r u m  t e c h n i q u e s -

Our o b j e c t i v e s . h a v e  been to s t u d y ,d e v e 1 ope and e v a l u a t e  the 

p e r f o r m a n c e  of <i> a d a p t i v e l y  d e c o d a b l e  b u r s t  error c o r r e c t i n g  

coders a n d  d e c o d e r s  to take care of e r r o r  b u r s t s  of v a r i o u s  

lengths, (ii> e f f i c i e n t  d e t e c t i o n  and d e c o d i n g  t e c h n i q u e s  for 

d i r e c t  s e q u e n c e  s p r e a d  s p e c t r u m  c o m m u n i c a t i o n  s y s t e m s  to co m b a t  

j a m m i n g  a n d  i n t e r f e r e n c e  and <iii> a h y b r i d  s y s t e m  c o m p r i s i n g  of 

b u r s t  e r r o r  c o r r e c t i o n  and s p r e a d  s p e c t r u m  t e c h n i q u e s  to a c h i e v e  

g r e a t e r  r e l i a b i l i t y  and r o b u s t n e s s -  So m e  d e t a i l s  of the s u b j e c t  

m a t t e r  c o n c e r n i n g  the p r o b l e m s  a t t a c k e d  and the a p p r o a c h  to 

t h e i r  s o l u t i o n s  are o u t l i n e d  in the f o l l o w i n g  p a r a g r a p h s .

1

Cop
yri

gh
t 

IIT
 K

ha
rag

pu
r



BURST ERRORS:

In genoval, there are two types of c l a s s i f i c a t i o n s  of e r r o r

c o r r e c t i n g  codes- The first type of c l a s s i f i c a t i o n  as the b l o c k

and the c o n v o l u t i o n a l  codes was made on the b a s i s  of the code

c o n struction- A c c o r d i n g  to a n o t h e r  type of c l a s s i f i c a t i o n ,  the

codes are called e i t h e r  as the r a n d o m  e rror c o r r e c t i n g  (REC) or

the b u rst e rror c o r r e c t i n g  (BEC) codes d e p e n d i n g  on the k i n d  of

channel errors to be corrected- H o wever, there is no s h arp

d e m a r c a t i o n  line b e t w e e n  the B E C  and the R E C  codes- In fact,

b a s e d  on the s t u d i e s  made by m a n y  r e s e a r c h  w o r k e r s  on the

s t a t i s t i c s  of the d i f f e r e n t  channels, it is now r e a l i z e d  t h a t

m o s t  of the real c h a n n e l s  do s u f f e r  from both r a n d o m  as well as

b u r s t  errors. The i n t e r e s t  in f i n d i n g  codes for c o r r e c t i n g

b u r s t  er r o r s  has r e s u l t e d  in the d e v e l o p m e n t  of such b l o c k  codes

as Fire codes, R e e d - S o 1o m o n , i n t e r l e a v e d  and o t h e r  codes a n d  the

c o n v o l u t i o n a l  codes such as r e c u r r e n t  codes, Berlekamp--

P r e p a r a t a - M a s s e y  code and I w a dare codes. S i m i l a r l y ,  a lot of

wo r k  has been r e p o r t e d  in the l i t e r a t u r e  on the d e v e l o p m e n t  of

r a n d o m  e r r o r  c o r r e c t i n g  b l o c k  as well as c o n v o l u t i o n a l  codes.

Si n c e ,  the real cha n n e l s  e x h i b i t  b o t h  r a n d o m  as well as b u r s t

errors, it is n e c e s s a r y  to d e v e l o p  such codes w h i c h  have the

a b i l i t y  to c o r rect bo t h  the t y pes of errors* The c o n v o l u t i o n a l

i
codes b a s e d  on a d a p t i v e  d e c o d n g  t e c h n i q u e s ,  as s u g g e s t e d  by 

Gal l ager , have be e n  f o u n d  to o u t p e r f o r m  the n o n - a d a p t  ive 

c o u n t e r p a r t s  in c o r r e c t i n g  the r a n d o m  a n d  the b u r s t  e r r o r s  in 

real channels. But one d i s a d v a n t a g e  of the G a l l a g e r’s code is 

that it p e r f o r m s  v e r y  b a d l y  wh e n  there are u n e x p e c t e d  e r r o r s  in
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3

the guard space b e t w e e n  the bursts* S u l l i v a n  m o d i f i e d  the 

Gal lager ’ s a d a p t i v e  e r r o r  control scheme, t h o u g h  wi t h  a m o d e s t  

s a c r i f i c e  in rate, to enable the d e c o d e r  t o ■corre c t  b u rst e r r o r s  

even under such conditions* This is a c c o m p l i s h e d  by u s i n g  two
*  *

c o n v o l u t i o n a l  codes, say C and C , w h e r e  C c o n t a i n s  C. w.uite 

often, it will be useful arid c o n v e n i e n t  to c l a s s i f y  the b u r s t  

errors into short and long bursts. This c l a s s i f i c a t i o n  e n a b l e s  

the use of a single BEC code to c o r rect b u r s t  e r r o r s  v e r y  

ef f i c i e n t l y -

In this thesis, we have d e v e l o p e d  a novel d e c o d i n g  s h c e m e  

for c o r r e c t i n g  long as well as short b u r s t s  of errors. D e c o d e r s  

have also be e n  d e v e l o p e d  to detect and correct the s hort and 

long e r r o r  b u r s t s  by c h o o s i n g  s u i t a b l e  a l o g o r i t h m s .  Thus, at 

the r e c e i v e r  the sc h e m e  con s i s t s  of three b a s i c  o p e r a t i o n s  viz., 

<i) a d a p t a t i o n  to switch the m o d e  of o p e r a t i o n  of the d e c o d e r  

b e t w e e n  short and long b u r sts, < i i ) c o r r e c t i o n  of short b u r s t s  

and < i i i > c o r r e c t i o n  of long b u r s t s  of errors- A code s e l e c t i o n  

p r o c e d u r e  to suit a given e r r o r  s t a t i s t i c s  of );he channel has 

been f o r m u l a t e d  and d i s c u s s e d  in detail. In g eneral, a rate

half BEC code can be r e p r e s e n t e d  by the s u b - g e n e r a t o r  p o l y n o m i a l

d 2 m
g (D > = D (g + g D + g D + . . . . +  g D >

0 1 2  m

w h e r e  D is the H u f f m a n  d e l a y  o p e r a t o r  and g are the
i

s u b g e n e r a t o r s  w h i c h  d e t e r m i n e  the e r r o r  c o r r e c t i n g  c a p a b i l i t y  of 

the code w h i c h  al s o  d e p e n d s  on the p a r a m e t e r s  m a n d  d- S o m e  of
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4

the special cases of these codes wi t h  d i f f e r e n t  v a l u e s  of rn and

d have been e v a l u a t e d -  In o rder to e n a b l e  the g e n e r a t i o n  of

codes w h i c h  can correct both long as well as short b u r s t s ,  the 

g e n e r a t o r  p o l y n o m i a l  .is s u i t a b l y  m o d i f i e d  as

d m m+M
g (D } = D < 1 + D + D }

w h e r e  d,m and M are s e l e c t e d  in a c c o r d a n c e  with channel 

condi t i o n s .  The design e q u a t i o n s  a n d  the b o u n d s  for b u r s t  

length and g u a r d  space r e q u i r e m e n t s  of the code have been 

d e r i v e d  in terms of the p a r a m e t e r s  d,m and M*

E x p e r i m e n t a l  t r a n s m i t t e r  and r e c e i v e r  using the a d a p t i v e  

d e c o d i n g  t e c h n i q u e s  d e v e l o p e d  for c o r r e c t i o n  of b u r s t  e r r o r s  

have b e e n  d e s i g n e d  and imp l e m e n t e d .  T h o r o u g h  p r a c t i c a l  t ests 

have b e e n  c a r r i e d  out to e v a l u a t e  the e f f i c a c y  of the a d a p t i v e  

d e c o d e r  by s u b j e c t i n g  it to f i x e d  and r a n d o m  b u r s t s  of er r o r s  

h a v i n g  v a r i a b l e  lengths. The d e c o d e r  p e r f o r m a n c e  has a l s o  b e e n  

e v a l u a t e d  with r a n d o m l y  v a r y i n g  g u ard space b e t w e e n  e r r o r  

b u r s t s .  T h o ugh, the a d a p t i v e  d e c o d e r  is m e a n t  for c o r r e c t i n g  

b u r s t  e r r ors, its p e r f o r m a n c e  u n d e r  the r a n d o m  er r o r s  have al s o  

be e n  s t u d i e d  a n d  the r e s u l t s  are f o u n d  to be quite i n t e r e s t i n g .

SS T E C H N I Q U E S  A N D  O P T I M U M  D E T E C T I O N

To ma k e  a c o m m u n i c a t i o n  s y s t e m  immune to i n t e r f e r e n c e  due 

to jamming, s p r e a d  s p e c t r u m  t e c h n i q u e s  are e m p l o y e d .  The 

s p e c t r u m  of the m e s s a g e  signal is s p r e a d  ov e r  a large b a n d w i d t h  

at the t r a n s m i t t e r  by e m p l o y i n g  some codes such as PN s e q u e n c e s  

etc.. to ma k e  the p o w e r  s p e c t r a l  d e n s i t y  of the t r a n s m i t t e d
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signal ve r y  low and hide the signal. The o p t i m u m  t e c h n i q u e s  for- 

d e t e c t i n g  the signal in such coded digital c o m m u n i c a t i o n  s y s t e m s  

involve m a t c h e d  f i l ters for the b i n a r y  p u l s e s  and c o r r e l a t o r s  

for the code. Due to the a d v e n t  of LSI and VLSI t e c h n o l o g y ,  the 

digital i m p l e m e n t a t i o n  of the m a t c h e d  f i l ters have b e c o m e  v e r y  

a t t r a c t i v e .  The digital m a t a c h e d  f i l t e r s  <DMF> are a l s o
<r-

p r e f e r r e d  over the a n a l o g  ones wh e n  j a m m i n g  arid r e a l - t i m e  signal 

p r o g r a m m a b i 1 ity are the issues . But, the n e c e s s a r y  a m p l i t u d e  

q u a n t i s a t i o n  of the i n c o m i n g  signal at the DMF r e c e i v e r  

i n t r o d u c e s  a d e g r a d a t i o n  in the ou t p u t  SNR d e p e n d i n g  on the 

s t a t i s t i c s  of the n o i s e  and the i n t e r f e r e n c e .  In a a e r o - m e a n  

g a u s s i a n  channel, the SNR loss has be e n  shown to be 

a p p r o x i m a t e l y  2 dB w i t h  hard limiting. We, have s t u d i e d  some of 

these a s p e c t s  in detail and d e v e l o p e d  some novel m e t h o d s  of 

signal d e t e c t i o n  to c o m p e n s a t e  for this loss of SNR.

The r e c e i v e r  of a s p r e a d  s p e c t r u m  s y s t e m  e s s e n t i a l l y  

c o mputes the c o r r e l a t i o n  b e t w e e n  the r e c e i v e d  signal a n d  the 

l o c a l l y  g e n e r a t e d  code w h i c h  is the r e p l i c a  of the d e s i r e d  

t r a n s m i t t e d  code. O b v i o u s l y ,  if the r e c e i v e d  code a n d  the 

lo c a l l y  g e n e r a t e d  code match, the o u t p u t  is large a n d  the s i g n a l  

is detec t e d ,  o t h e r w i s e  not. S u c h  c o r r e l a t i o n  r e c e i v e r s  are 

g e n e r a l l y  c l a s s i f i e d  as a c t i v e  or p a s s i v e  d e p e n d i n g  on w h e t h e r  

the code is l o c a l l y  g e n e r a t e d  or s t o r e d  at the receiver-. In 

this work, the p a s s i v e  c o r r e l a t i o n  r e c e i v e r s  w h i c h  e m p l o y  t a p p e d  

d e l a y  lines in the form of m a t c h e d  f i l t e r s  have b e e n  s t u d i e d -  

For o p t i m u m  d e t e c t i o n ,  a chip m a t c h e d  p r e f i l t e r  is u s e d  to 

m a x i m i s e  the S N R  of the i n d i v i d u a l  chips a n d  then a m a t c h e d
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f i l t e r  c o r r e l a t o r  is used for d e c o d i n g  the d e s i r e d  signal- The 

r e a l i z a t i o n  of chip m a t c h e d  prefilter- by u s i n g  d i s c r e t e  

com p o n e n t s  is more tedi o u s  than b y  u s i n g  t r a n s v e r s a l  f i l t e r s  

with a p p r o p r i a t e  tap co e f f i c i e n t s -  S i m i l a r l y ,  m a t c h e d  f i l t e r  

c o r r e l a t o r s  for d e c o d i n g  can also be c o n v e n i e n t l y  r e a l i z e d  u s i n g

t r a n s v e r s a l  filters- Now, in o r d e r  to r e a l i z e  the chip a n d  the
■c

code MFs, a m u l t i p l e  s a m p l i n g  t e c h n i q u e  is s u g g e s t e d  in this

work w h e r e  the r e c e i v e d  signal is o v e r s a m p l e d  (h s a m p l e s  p e r

chip). The m u l t i p l e  samp l e s  are then p r o c e s s e d  e i t h e r  par-all e 1 y

by e m p l o y i n g  M code MFs or s e r i a l l y  by s u m m i n g  them over- the

chip d u r a t i o n  and u s ing a single code m a t c h e d  f i l t e r  c o r r e l a t o r -

Both the par a l l e l  and serial p r o c e s s i n g s  have been f o u n d

a n a l y t i c a l l y  to be e x a c t l y  e q u i v a l e n t .  Of course, the

c o m p l e x i t i e s  of t h eir r e a 1 izations in h a r d w a r e  are d i f f e r e n t -

The serial m a t c h e d  f i l t e r  s t r u c t u r e  has been s t u d i e d  in d e t ail-

For a c o r r e l a t e d  w h i t e  G a u s s i a n  channel, the a n a l y t i c a l

e x p r e s s i o n s  for the ou t p u t  S N R  In t e r m s  of the code length N,

the sample size M and the c o r r e l a t i o n  c o e f f i c i e n t s  p  a r e

i j
obtained-

As p o i n t e d  out earlier, the hard limiter- ( q u a n t i z e r )  at the 

DMF r e c e i v e r  input r e s u l t s  in a d e g r a d a t i o n  in the S N R  w h i c h  in 

turn i n t r o d u c e s  e r r o r s  in the d e t e c t i o n  p r o c e s s -  T h e s e  

d e t e c t i o n  errors at the input will r e f l e c t  u l t i m a t e l y  at the 

out p u t  as the d e c o d e d  errors. T h e r e f o r e ,  m e t h o d s  for m i n i m i z i n g  

the d e t e c t i o n  e r r o r s  are to be d evised- In this thes i s ,  two 

d e t e c t i o n  s c h e m e s  have be e n  d e s c r i b e d -  In the f i r s t  one we 

s u g g e s t  the use of a m u l t i s a m p l e d  chip MF b e f o r e  the h a r d
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limiter for i m p r o v i n g  the SNR w h e r e a s  in the s e c o n d  s c h e m e  a 

d e c i s i o n  b a s e d  on m a j o r i t y  v o t i n g  a m o n g  the hard l i m i t e d  s a m p l e s  

is s u g g e s t e d  for r e d u c i n g  the d e t e c t i o n  errors. In the first 

scheme, the chip MF is r e a l i s e d  by s a m p l i n g  the r e c e i v e d  signal 

at M times the chip rate and p a s s i n g  it t h r o u g h  t a p p e d  d e l a y

lines CTDL'). The o u t puts of the TDL are s u m m e d  hard l i m i t e d  a n d
■tr

then used for d e c o d i n g  by a DtIF. The o v e rall s y s t e m  has be e n  

a n a l y s e d  by c o n s i d e r i n g  the c o r r e l a t i o n  b e t w e e n  the n o i s e  

s a m p l e s  and an e x p r e s s i o n  has been o b t a i n e d  for the o u t p u t  SNR 

r e l a t i n g  c l e a r l y  the gains due to the chip MF and the code D M F , 

and the loss in the h a r d  limiter-

In the s e c o n d  sch e m e  of the m a j o r i t y  voting, the r e c e i v e d  

signal is first hard l i m i t e d  and then s a m p l e d  M times the code 

chip rate- The d e c i s i o n  on the chip state is made on the b a s i s  

of the m a j o r i t y  v o t i n g  over M samples- The code c h ips thus 

d e t e c t e d  are then p a s s e d  t h r o u g h  a s i n g l e  DMF to d e t e c t  the code 

w o r d  w h i c h  in turn gives the data bits- The p e r f o r m a n c e  of the 

p r o p o s e d  m a j o r i t y  v o t i n g  m e t h o d  has been a n a l y s e d  in the thesis- 

An a n a l y t i c a l  e x p r e s s i o n  for the chip d e t e c t i o n  e r r o r  

p r o b a b i l i t y  p, in terms of the input S N R  and the n u m b e r  of 

s a m p l e s  n has been d e r i v e d  for c o r r e l a t e d  G a u s s i a n  c h a n n e l  • 

This shows how the p e r f o r m a n c e  d e p e n d s  on the nu m b e r  of s a m p l e s .  

An e x p e r i m e n t a l  s y s t e m  has also be e n  set up to e v a l u a t e  the 

performance, of the m u l t i s a m p  1 ing t e c h n i q u e  p r a c t i c a l l y .  

E x p e r i m e n t a l  r e s u l t s  w h i c h  are f o und to be in close a g r e e m e n t  

w i t h  the theory, are r e p o r t e d  here-
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The p e r f o r m a n c e  of the m u l t i s a m p l e  m a j o r i t y  d e c i s i o n  scheme 

i n c l u d i n g  the DMF in p r e s e n c e  of n o n - g a u s s i a n  i n t e r f e r e n c e  such 

as square wave j a m m i n g  or i n c o h e r e n t  c o n s t a n t  a m p l i t u d e  j a m m i n g  

is also very i m p o r t a n t  in our study- It is p o i n t e d  out b y  C a h n  

that this kind of j a m m i n g  s u p p r e s s e s  the signal and d e s t r o y s  the 

code s t r u c t u r e  c o mpletely- In o rder to a v o i d  the i n h e r e n t  

s u p p r e s s i o n  effect, d i t h e r i n g  is i n t r o d u c e d  % o r a n d o m i z e  the 

q u a n t i z a t i o n  p r ocess- We have c a r r i e d  out e x p e r i m e n t s  to 

e v a l u a t e  the p e r f o r m a n c e  of our scheme for n o n - g a u s s i a n  

i n t e r f e r e n c e  and to s t udy the effect of dither. R e s u l t s  of o u r  

e x p e r i m e n t a l  i n v e s t i g a t i o n s  are i n c l u d e d  in the thesis.

H Y B R I D  SYSTEM:

In m a n y  p r a c t i c a l  s i t u a t i o n s  bo t h  j a m m i n g  as well as n o i s e  

are p r e s e n t  a n d  the c o m m u n i c a t i o n  s y s t e m  is r e q u i r e d  to w o r k  

a g a i n s t  them- The d e l i b e r a t e  j a m m i n g  m a k e s  the SNR in the 

channel very low p r e v e n t i n g  the signal fr o m  d e t e c t i o n  w h e r e a s  

the n o i s e  causes err o r s  m a k i n g  the c o m m u n i c a t i o n  u n r e l i a b l e .  

T h e r e f o r e ,  a much more e f f e c t i v e  s t r a t e g y  for a t t a i n i n g  high 

p e r f o r m a n c e  of low or m o d e r a t e  S N R  on wide ba n d  c h a n n e l s  is to 

combine e r r o r  c o r r e c t i n g  codes wi t h  s p r e a d  s p e c t r u m  t e c h n i q u e s  

e m p l o y i n g  codes of small length- This type of hybrid. s y s t e m s  

are e x p e c t e d  to ma k e  the c o m m u n i c a t i o n  s y s t e m s  m o r e  r e l i a b l e  and. 

robust. S i n c e  the e r r o r s  c a u s e d  b y  j a m m i n g  and i n t e r f e r e n c e  are 

n o r m a l l y  b u r s t y  in n a t u r e ,  b u r s t  e r r o r  c o r r e c t i n g  codes are the 

p r o p e r  choice for the e f f i c i e n t  d e c o d i n g  of d i g i t a l  si g n a l s -  In
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this work, a s i m u l a t i o n  s t udy u s i n g  a r a t e - h a l f  c o n v o l u t i o n a l  

BEC code and a direct s w q u e n c e  s p r e a d  s p e c t r u m  s y s t e m  has b e e n  

ca r ried out. The p e r f o r m a n c e  of this s y s t e m  has be e n  e v a l u a t e d  

under both n oise and s i n e w a v e  jamming.

T H E S I S  O R G A N I S A T I O N :
* '

In all, the p r e s e n t  thesis e m b o d i e s  the d e t a i l s  a n d  the 

r e s u l t s  of our t h e o r e t i c a l ,  s i m u l a t i o n  and e x p e r i m e n t a l  s t u d i e s  

and i n v e s t i g a t i o n s  c a r r i e d  out on some a s p e c t s  of c o d i n g  and 

signal d e t e c t i o n  for ro b u s t  c o m m u n i c a t i o n  in the p r e s e n c e  of 

n o i s e  and i n t e r f e r e n c e -  The w h o l e  thesis has been d i v i d e d  into 

six chapters-

This c h a p t e r  i n t r o d u c e s  the s u b j e c t  m a t t e r  of the work, 

b a s i c  p r o b l e m s  a d d r e s s e d  and our t e c h n i c a l  a p p r o a c h  to t h e i r  

s ol u t i o n s .  The s e c o n d  c h a p t e r  p r e s e n t s  a s u r v e y  of the 

l i t e r a t u r e  on b u r s t  e r r o r  c o r r e c t i n g  b l o c k  a n d  c o n v o l u t i o n a l  

code and sp r e a d  s p e c t r u m  t e c h n i q u e s  i n c l u d i n g  the c o d e d  SS 

systems. C h a p t e r  III deals with a d a p t i v e l y  d e c o d a b l e  

c o n v o l u t i o n a l  codes for b u r s t  errors. O u r  s t u d i e s ,

i n v e s t i g a t i o n s  . and the d e s i g n  a s p e c t s  of the a d a p t i v e  f o r w a r d  

e r r o r  c o r r e c t i n g  c o n v o l u t i o n a l  codec s u i t a b l e  for p r a c t i c a l  

cha n n e l s  are d e s c r i b e d  a n d  the r e s u l t s  are p r e s e n t e d  in this 

chapter. C h a p t e r  IV is d e v o t e d  to the a n a l y s i s  a n d  the 

p e r f o r m a n c e  e v a l u a t i o n  of the m u l t i s a m p l e d  d i g i t a l  m a t c h e d  

f i l t e r s  and c o r r e l a t o r s  for d i r e c t  s e q u e n c e  s p r e a d  s p e c t r u m  

s ystems. The p r o b l e m s  of o p t i m u m  d e t e c t i o n  of d i g i t a l  s i g n a l s
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and t h eir p r o c e s s i n g  have been d ealt w i t h  in this chapter- 

A n a l y t i c a l  a n d  e x p e r i m e n t a l  r e s u l t s  are given here. A h y b r i d  

s y s t e m  c o m p r i s i n g  of the BEC coding a n d  DS s p r e a d  s p e c t r u m  

t e c h n i q u e s  has been d i s c u s s e d  in c h a p t e r  V- R e s u l t s  of the 

s i m u l a t i o n  s t u d i e s  on the i m p r o v e m e n t s  b r o u g h t  a b o u t  by  the use 

of BEC codes in c o m b i n a t i o n  with s p r e a d  s p i c t r u m  are r e p o r t e d  

here -

And finally, all the r e s u l t s  of the v a r i o u s  i n v e s t i g a t i o n s  

as c a r r i e d  out in this work on a d a p t i v e l y  d e c o d a b l e  b u r s t  e r r o r  

c o r r e c t i n g  c o n v o l u t i o n a l  codes, m u l t i - s a m p l e d  d i g i t a l  m a t c h e d  

filt e r s  and c o r r e l a t o r s  and c oded D S - S S  s y s t e m s  have b e e n  

s u m m a r i s e d  in c h a p t e r  VI. The c o n c l u d i n g  r e m a r k s  arid the 

p r e s e n t  and the future scope of the wo r k  are d i s c u s s e d  in this 

chapter-
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