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,
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E x a m p le

 S i ng l e ton e  me s s a g e  si gn a l  : m  (/ ) = co s  2,  Tf '�
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P h a s e - S h ift M e th o d

M  ( f )

F re q u e n c y

E
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引
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P h a  s e  S h ift M  e th o  d

m  ( t )
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P h a s e - S h ift M e th o cl (C o n t . )

 A d v a n t ag e s �

- D o e s n o t d e p lo y  b a n d p a s s filte r
.

- S u ita b le  fo r m e s s a g e  s ig n a ls w ith fre q u e n c y

c o n te n t d o w n  to  d c
.

D is a d v a n ta g e

- P ra c tic a ı re a liz a tio n  o f a  w id e b a n d  9 0 °

p h a s e  s h ift c irc u it is d iff ic u lt
.
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D e m o d u ıa tio n  o f S S B  S ig n a ls

D e m o d u la tio n  o f S S B  s ig n a ıs c a n  b e  a c c o m p ıis h e d
b y  u s in B  a  slm ç lx o n c u s d e te cto r

,  
a s u s e d in  th e

d e m o d uıa t n  o f n o r m a l A M  a n d D s B S C  s ig n a ls .

 I f we  wa n t  to  us e  an  en v e ıop e  de t ec t o r ,
 i
t ca n  be �

s h o w n  t h a t w e  m u s t in s e r t a  p iıo t c a r rie r s ig n a l
A c o s {2  7 tf

.  
t) t o  th e  S S B  s ig n a l

,

w h e r e  A  > >  m  (t) a n d  A  > > ın
ı, Q )

 T h e  pi lot  si gn a ı ca r r i es  m o s t  of  the  tr a n s m i ss i on �

p o w e r w h ic h b e c o m e s  in e ffic ie n t
.
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V e s tig ia l- S id e b a n d M o d u la tio n  (V S B )

C  f
c

s ıd e b a n d  
s

c  ( r  ) 
s ıd e b a m l

国国■白日日 上
(

ı ıı .
ı ı
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V S B  m  o d u  la to  r

(t )

VSB sign a l

C
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D e m o d u la tio n  o f V S B

 D e m o d u l at ion  o f  VS B  si gn a l s ca n  b e  ac c o m p ıish e d �

by u s in g  a  sy n c h ro n o u s d e te c to r
.

L P  F

P   ·

1 4
L o c a  I c a  rrie r

c o s  2 JT f
.  

t
C
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T r a n s fe r fu n c tio n  o f L P F in  V S B  re c e iv e r

S
ì s n  tr ) =  ĹM  �  + f

,
)+  M  U í

, 
W  B p F P \

X  U
'

) =  [.  
Ý

ï s u  u
'

+ í
, 
) + 5

'

r s n  d f
,  
) ]

Y  (f ) =  M  (í ) =  X  (f ) H L p F  (f )
M  

if Ì H  
B p F  f ţ í

.  
)+  H  

B p F  í
.  
) \  F  Ļ T

H e n c e
,
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V S B + C

 V S B  mo d u ıat ed  si gn a l s ca n  a l so  be  de t ec t ed �

b y  a n  e n v e lo p e  d e te c to r
.

 A s  in the  de m o d u l at ion  of  a SS B  si gn a l ,
 w
e �

n e e d to  s e n d a  p ilo t c a r rie r s ig n a l
, 

re s u ıtin g a n

in e ffic ie n t u s e  o f a v a ila b ıe  tr a n s m itte d p o w e r
.
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C o m p a ris o n  o f c o n v e n tio n a ı A M
, 
D S B - S C

,

SS B  a n d V S B

售

の

C o n v e n tio n a ı A M  : s im p le  to  m o d u la te  a n d to
d e m o d u ıa te

, 
b u t lo w  p o w e r efficiency (5 0 %  m a x )

a n d d o u b le  th e  b a n d w id th

D S B - S C  : h ig h p o w e r e ffic ie n c y , 
m o re  c o m p ıe x  to

m o d u la te  &  d e m o d u ıa te
, 
d o u bıe  th e  b a n d w id th

S S B  : h ig h p o w e r e ffic ie n c y,  
th e  s a m e  (m e s s a g e )

b a n d w id th
, 

m o re  d iffic u lt to  m o d u ıa t e  &

d e m o d u la te

 V S B  : l ow e r  po w e r  ef fici en c y  & ıar ge r  ba n d w i dt h bu t �

e a s ie r to  im p ıe m e n t
.

qe
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E E 3 2 5  : C h a p te r 4  (L e c
.  
# 4 1

A m p litu d e  M o d u la tio n s  &

D e m o d u la tio n s

M A S m a d i
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M u ıtip le x ın g

尋

の

の

M u ltip le x in g : c o m b in in g  a  n u m b e r o f m e s s a ś

s ig n a ls  in to  a  c o m p o s ite  s ig n a l to  tra n s m it t 卜

s im u lta n e o u s ly o v e r a  w id e b a n d c h a n n e l
.

g e

1e m

T w o  c o m m o n ly - u s e d ty p e s  : tim e - d iv is io n

m u ltip le x in g (T D M ) a n d fre q u e n c y d iv is io n

m u ltip le x in g (F D M ).

T D M  : tra n s m it d iffe re n t m e s s a g e  s ig n a ls  in

d iffe re n t tim e  s lo ts  (m o s tıy d ig ita l).

 F D M  : tran s m i t di ffer en t  me s s a g e  sıgn a l s in�

d iffe re n t fre q u e n c y s lo ts  (b a n d s ) u s in g d iĦe re n t

c a rrie r fre q u e n c ie s
.
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T im e  D iv is io n  M u ltip le x ın g

S w itch
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T D M

了
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A M  re c e iv e r fo r m a n y ra d io  s ta tio n s  ?

S

魯(b ) R e c e iv e r
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F re q u e n c y m ix in g

It is  d e s ire d  in  c o m m u n ic a tio n  s y s te m  to  tra n s la te

th e  s p e c tru m  o f th e  m o d u la te d  s ig n a l u p  w o rd  o r

d o w n  w o rd  in  * e q u e n c y to  b e  c e n te re d  a ro u n d

d e s ire d  fre q u e n c y

厂
o

= / / 八

/
,  

: u p  c o n v e r s io /1

f
, 

: d o w n  c o n v e r s i o ll
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S u p e rh e te ro d y n e  A M  R e c e iv e r

八 nlenn a

Inco ming

Elı¢lßed

AFF e  óe
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T h e  R F  a m p iifle r

a m p ıifie s  th e
\11 : ıľ  I

in c o m in g  s ig n a l

a n d  s ta rt th e

p ro c e s s  o f

s e ıe c tin g th e

w a n te d  s ta tio n ..,, : ı \ III'

II i

a n d  re je c tin g  th e

u n w a n te d  o n e s
.
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T h e  M ix e r a n d th e  IF A m p lifie r
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In co rTıing

EM  file d

1 n n 0
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A G C  O F F

丁 lu   e s h o ld le v e l

OV

T  h is  p iu l o f th e  tJ  a n s m   is s io n

A l ILJ w  s ig N a l s tr e n g 山 th e  w ill o v e r  lo a d th e  r e c e iv e r

: u ld c a u e  d is to r tio n

T h e  A G C  h a s  l i m i t  U tc

A G C  O N  iu n p ļ ific a tio n  to  pRE L T  e n t

o v e rlo zıd  iu ìd d is to r tio n

T H ï e s h t) ld  I 

o v  

I

A  t
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C a rrıe r A c q u is itio n

 T o  en s u r e ide n t ica l  ca r rier  freq u e n c i es  at  the�

tra n s m iū e r a n d th e  re c e iv e r
, 
w e  c a n  u s e  q u a 0

c ry s ta ı o s c iııa to rs
, 
w h ic h a re  g e n e ra lly v e ry

s ta b le
.

 A t  ve r y hi gh  ca r rıer  freq u e n c i es ,
 t
he  qu a r tz- �

c ry s ta l p e rfo rm a n c e  m a y n o t b e  a d e q u a te
, 
w e

c a n  u s e  th e  p h a s e d - lo c ke d  lo o p (P L L )

16
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p h a s e d - L o c k e d L o o p (P L L)

 p h a s e - l oc k ed  ıoo p  is on e  of  the  mo s t �

c o m m o n ly u s e d c irc u it in  b o th

te le c o m m u n ic a tio n  a n d m e a s u re m e n t

e n g in e e rin g .

 P L L  ca n  be  us e d  to trac k  the  ph a s e  an d  the�

fre q u e n c y o f th e  c a rrie r c o m p o n e n t o f a n

in c o m in g s ig n a l
.

17
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 A  PL L  ha s  thr ee  ba s i c co m p o n e n t s�

1
.  
A  v o lta g e  c o n tro lıe d o s c ilıa to r

2
.  

A  m u ltip lie r

3
.  

A  lo o p fi Ite r H  (s )

L o o p F ilte r t)

H  (s )

ıta g e - C o n tro lıe d

c ilıa to r (V C O )n l

ıE U V C I C U  i j l ıl t ı ŁiıŲ ı ıd l
R P 甲 甲 回 国 团 ı国自 主
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·

In  e v e ry a p p lic a tio n
, 
th e  P L L tra c k s  th e

fre q u e n c y a n d th e  p h a s e  o f th e  in p u t s ig n a ı
.

H o w e v e r
, 
b e fo re  a  p L L c a n  tra c k

, 
it m u s t firs t

re a c h th e  p h a s e - ıo c k e d  c o n d itio n .

In  g e n e ra ı
, 
th e  V C O  c e n te r fre q u e n c y d iffe rs

fro m  th e  fre q u e n c y o f th e  in p u t s ig n a l
.

F irs t th e  V C O  fre q u e n c y h a s  to  b e  tu n e d  to  th e
in p u t fre q u e n c y b y th e  ıo o p .  

T h is  p ro c e s s  is
c a lle d  fr e q u e n c y  p u LL- in

.

 T h e n  the  VC O  ph a s e  ha s  to be  ad jus t ed �
a c c o rd in g to  th e  in p u t p h a s e

.  
T h is  p ro c e s s  is

ķ n o w n  a s  p h a s e  lo c k - in
.
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E E 3 2 5 : C h a p te r 4  (Le c .  
# 5 )

Effe c t o f N o is e  o n  A n a lo g

c o m m u n ic a tio n  s y s te m s

? ıl A S t n 3 ° !
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I n tr o  u  c tio  n

A n g le  m o d u la tio n  s y ste m s a n d FM  c a n  p ro v id e  a

h ig h d e g re e  o f n o is e  im m u n ity

T h is n o is e  im m u n ity is  o b ta in e d a t th e  p r ic e  o f

s a c rific in g  c h a n n e l b a n d w id th

B a n d w id th re q u ire m e n ts o f a n gıe  m o d u la tio n

s y s te m s a re  c o n s id e ra b ly h ig h e r th a n  th a t o f

a m p litu d e  m o d u la tio n  sy ste m s

a



Scanned by CamScanner

E F F EC T  O F N O ıS E O N  A M  SY ST E M S

*  Effe c t o f N o is e  o n  a  B a s e b a n d Sy ste m

 E ffec t  of  No i se  on  DS B - C  AM �

*  Effe c t o f N o is e  o n  C o n v e n tio n a l A M

.  u  (ï ) : is  th e  T x d s ig n a l

 ï tU)  : is the  ad d i tive  Wh i te Ga u s s i an  no i se�

(th e r m a ı n o is e ) c h a ra  c te riz e d by its fıa t

p ro c e s s

P S D  o f
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Effe c t o f N o is e  o n  a  B a s e b a n d Sy s te m

S in c e  b a s e b a n d syste m s s e rv e  a s a  b a s is fo r c o m p a ris o n  o f

v a rio u s m o d u la tio n  sy ste m s
, 
w e  b e g in  w ith a  n o is e  a n a ıys is o f a

b a s e b a n d sy s te m
.

ın  th is c a s e
,  
t h  i  o o  c a r rie r d e m o d u la tio n  to  b e  p e rfo !m e d

.

T h e  re c e iv e r c o n s is ts  o n ıy o f a n  id e a l lo w  p a s s  filte r w ith th e

b a n d w id th W
.

T h e  b a s e b a n d n o is e  p o vite r a t th e  o u tp u t o f th e  re c e iv e r
, 
fo r a

w h ite  n o is e  in p u t
, 
is

/ :
.  

=  Jw a f  =  N
,  
ýľ

If w e  d e n o te  th e  re c e iv e d p o w e r by P R ,  
th e  b a s e b a n d S N R  is g iv e n

吾
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W h ite  N o is e  P ro c e s s

c o m p o n e n ts

d e n s ity (P S D ),

 t he  ps D  of  the r m a l  no i se ,
 s
.

 {f, Ł is us u a l ly gi ve n  as  ,  (
j'  =�

(w h e re  k is  B o ltz r n a n n  
ı 
s c o n s ta n t a rid  T is  th e  te m p e ra tu re )

 T h e  va ıue  kT i s us u a l ly de n o t ed  by  No ,
 T

l F?eï l S .
. (
f)  =�

W h ite  p ro c e s s  is  p ro c e s s e s in  w h ic h a ll fre q u e n c y

a p p e a r w ith e q u a l p o w e r
, 
i e

, 
th e  p o w e r s p e c tra l

S
x
lf

, ,  
is a  c o n s ta n t fo r a ıı fre q u e n c ie s
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Effe c t o f N o is e  o n  D S B - S C  A M

T ra n s m itte d s ig n a ı : //(ï ) =  Å / W ) COS(× /
,  

í)

 A  filter ed  no i se  pr oc e s s  ca n  be  ex p r es s e d  in ter ms  of  its in- h a s e  an d �

q u a d ra tu re  c o m p o n e n ts a s

w h e re  n
.  
(t) is in p h a s e  c o m p o n e n t a n d n

, 
(tl is q u a d ra tu re
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Effe c t o f N o is e  o n  D S B - S C  A M

R e c e iv e d s ig n a ı (A d d in g th e  filte re d n o is e  to  th e

m o d u la te d s ig n a l)
r u  ) =  u u ) +  n u )

- / 4/ılm c o s(2 î r 入门 + n
, 
U ) c o s (2 ìr j í) n

, 
U ) s in (2 rr / ï )

D e m o d u ıa tė th e  re c e iv e d s ig n a l by first m u ıtip ıy in g  r (t)
b y a  lo c a ıly  g e n e ra te d s in u so id c o s{2 7tf

.  
t ), w h e r e  is  th e

p h a s e  o f th e  s in u s o id (c o h e re n t d e te c tio n ).

T h e n  p a s s in g th e  p ro d u c t sig n a l th ro u gh a n  id e a l

lo w p a s s  filte r h a v in g a  b a n d w idth W
.

罗
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Effe c t o f N o is e  o n  D S B - S C  A M

 T h e  mu ıtipl ica t ion  of  r (t) wi th co s (27 tfct } yi el ds �

 T h e  low p a s s  filter  rej ec t s the  do u b l e freq u e n c y  co m p o n e n t s an d �

p a s s e s  o n ly th e  ıo w p a s s c o m p o n e n ts
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Effe c t o f N o is e  o n  D S B - S C  A M

の

尋

T h e re fo re
, 
a t th e  r e c e iv e r o u tp u t

, 
th e  m e s s a g e  sign

n o is e  c o m p o n e n ts a re  a d d itiv e  a n d w e  a r e  a b le  to  d

m e a n in gfu l S N R T h e  m e s s a g e  s ig n a l p o w e r is  g iv e n

n d th e

1 e  a

p o w e r P
M  

is th e  c o n te n t o f th e  m e s s a g e  s ig n a l

T h e  n o is e  p o w e r is  g iv e n  b y

} 
Io

T h e  p o w e r  c o n te n t o f n  (t) c a n  b e  fo u n d b y  n o tin g  th a t it is  t h e

r e s u ıt o f p a s s in g  n  (t) th ro u g h a  filte r w ith b a n d w id th 2 W

夕
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Effe c t o f N o is e  o n  D S B - S C  A M

 T h e r ef or e,
 t
he  PS D  of  n (t) is gi ve n  by�

(J ) 
\

*  T h e  b a n d p a s s  n o is e  p o w e r is

 N o w  we  ca  n find  the  ou t pu t  SN R  as �

 I n thi s ca s e ,
 t
he  rec e i ve d  si gn a l  po w e r  is�

P
,

- A P .  12
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Effe c t o f N o is e  o n  D S B - S C  A M

*

T h e  o u tp u t S N R  fo r D S B SC  A M  m a y b e  e x p re s s e d a s

픕
。。 。

一 知尸
w h ic h is  id e n tic a l to  b a s e b a n d S N R

ın  D S B S C  A M
,  
th e  o u tp u t S N R  is  th e  s a m e  a s  th e  S N R  fo r a

b a s e b a n d sy s t e m

D S B S C  A M  d o e s  n o t p ro v id e  a n y S N R  im p ro v e m e n t o v e r

a  s im p le  b a s e b a n d c o m m u n ic a tio n  sy ste m

łı
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Effe c t o f N o is e  o n  C o n v e n tio n a l A M

D s B A M  s ig n a ı : u u ) =  / l
.  
Iı+  Crnı(t)jcos(2jc t)

 R e c e i ve d  si gn a l  at  the  inp u t  to the  de m o d uıat or �

r u ) =  À
.  
[1 + a  ìN ú ) ic o s  (2 ìr j [) + ıı (t)

- A
,  
[1 + a m  U )]c o s(2 )r j n + /T

c
(n c o s(2 ìrj

.
ï ) n

, 
U )s in (2 ìrj

,
ï )

o  is th e  m o d u la tio n  in d e x

m  (t) is n o r m a liz e d  s o  th a t its m in im u m  v a ıu e  is ı

- If a  sy n c h ro n o u s  d e m o d u ıa to r is e m p lo ye d , 
th e  s itu a tio n  is b a s ic a lly

sim ila r to  th e  D SB  c a s e
,  
e x c e p t th a t w e  h a v e  1 +  o m  (t) in ste a d  o f m  (t).

 A f ter  mi xi ng  an d  low p a s s  fiıter ing �
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Effe c t o f N o is e  o n  C o n v e n tio n a l A M

R e c e iv e d s ig n a l p o w e r

A s s u m e d th a t th e  m e s s a g e  p ro c e s s is z e ro  m e a n

尋 N o w w e  c a n  d e riv e  th e  o u tp u t S N R  a s

j7 d e n o te s th e  m o d u la tio n  e ffic ie n c y

s in c e  a
' R

«  
<  1 +  a  

2  
/m , 

th e  s N R  in  c o n v e n tio n a l A M  is  a lw a y s  s m a lle r

th a n  th e  S N R  in  a  b a s e b a n d o r D S B  sy ste m s

¡l
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Effe c t o f N o is e  o n  C o n v e n tio n a ı A M

ın  p ra  c tic a l a p pıic a tio n s
, 
th e  m o d u la tio n  in d e x  a  is in  th e  ra n B e  o f

P o w e r c o n te n t o f th e  n o rm a ıiz e d m e s s a s e  p ro c e s s d e p e n d s o n  th e

m e s s a g e  s o u rc e .

S p e e c h s ig n a ls : La rB e  d y n a m ic  ra n B e
, 
P

M  
is a b o u t 0 .  

1
.

 T h e  ov e r al l los s  in SN R ,
 w
h e n  co m p a r ed  to a ba s e b a n d  sys t em ,

 i
s a�

fa c to r o f 0 0 7 5 o r e q u iv a ıe n t to  a  ıo s s o f 1 1 d B

T h e  re a s o n  fo r th is ıo s s is th a t a  la rg e  p a rt o f th e  tra n s m itte r p o w e r

is u s e d to  s e n d th e  c a rrie r c o m p o n e n t o f th e  m o d u la te d sıg n a l a n d

尋

n o t th e  d e s ire d  s ig n a l

To  a n a ly z e  th e  e n v e ıo p e d e te c to r p e rfo rm a n c e  in  th e  p re s e n c e  o f

n o is e
, 
w e  m u st u s e  c e rta in  a p p ro x im a tio n s

T h is is a  re s u lt o f th e  n o n lin e a r stru c tu re  o f a n  e n v e lo p e  d e te c to r
,

w h ic h m a ke s a n  e x a  c t a n a ly sis d iffic u ıt
.
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Effe c t o f N o is e  o n  C o n v e n tio n a l A M

In  th is c a s e
, 
th e  d e m o d u ıa to r d e te c ts th e  e n v e lo p e

r e c e iv e d s ig n a l a n d th e  n o is e  p ro c e s s
.

T h e  in p u t to  th e  e n v e lo p e  d e te c to r is

- T h e re fo re
,  
th e  e n v e lo p e  o f r  ( t ) is g iv e n  b y

- N o w  w e  a s s u m e  th a t th e  s ig n a ı c o m p o n e n t in r  ( t ) is
m u c h s tro n g e r th a n  th e  n o is e  c o m p o n e n t

.  
T h e n

o f th e

- T h e re fo re
, 
w e  h a v e  a  h ig h p ro b a b ility th a t
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Effe c t o f N o is e  o n  C o n v e n tio n a l A M

A fte r re m o v in g  th e  D C  c o m p o n e n t
, 
w e  o bta in

- w h ic h is  b a s ic a lly  th e  s a m e  a s  y {tl fo r th e  s y n c h ro n o u s

d e m o d u la tio n  w ith o u t th e  yz  c o e ffic ie n t

- T h is c o e ffic ie n t
,  
o f c o u rs e

,  
h a s  n o  e ffe c t o n  th e  n n a ı S N R

.

- S o  w e  c o n c lu d e  th a t
,  
u n d e r th e  a s s u m p tio n  o f h ig h S N R  a t

th e  re c e iv e r in p u t
,  
th e  p e rfo r m a n c e  o f sy n c h ro n o u s  a n d

e n v e ıo p e  d e m o d u la to rs  is  th e  s a m e  in  te rm s  o f p o w e r

e fflc le n c y .
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O  u  t I i n  e  s

In tro d u c tio n

C o n c e p ts  o f ın s ta n ta n e o u s  fre q u e n c y

B a n d w id th o f a n g le  m o d u la te d s ig n a ls

N a rro w b a n d a n d w id e - b a n d fre q u e n c y

m o d u la tio n s

G e n e ra tio n  o f F M  s rg n a ıs

D e m o d u la tio n  o f F M  s ig n a ls

s u p e rh e tro d y n e  F M  ra d io
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n  ro  u c  o n

 A n g ıe mo d u ıat ion  : e i the r  freq u e n c y  mo d u ıat ion �

(F M ) o r p h a s e  modulation (P M ).

 B a s i c ide a  : v a r y t he  ca r rier  freq u e n c y  (FM )  or �

p h a s e  (P M ) a c c o rd in g to  th e  m e s s a g e  s ig r , a l
.

In ío r m a tio pı s Jg n a ı /  H ig h  a m p łitu d e

g iv e s  irıc r c ą s e d

ı
' frt q u e n c y

F rE q u e n c y  ï rle d u ïa tu J

c a r r ie r



Scanned by CamScanner

r e じ t 臼 门 口 一 ı日 r  P 一 ıら 臼

Ï 孚



Scanned by CamScanner

国
目

笤

ぱ

の

ー

ベ

し

し
团

日
鷗
嚅

り

芝

)

し

间

し



Scanned by CamScanner

 W h i le AM  is line a r  pr oc e s s ,
 F
M  an d  PM  ar e�

h ig h ly n o n lin e a r

 F M / PM  pr ov i de  ma n y  ad v a n t ag e s  (ma i n-
ŕ

n o is e  im m u n ity , 
in te rFe re n c e

, 
e x c h a n g e  o f

p o w e r w ith b a n d w id th ) o v e r A M  a t a  c o s t o f

ıa rg e r tra n s m is s io n  b a n d w id th

 D e m o d u l at ion  ma y  be  co m p ıex ,
 b
u t  mo d e r n�

IC s  a llo w  c o s t- e ffe c tiv e  im p le m e n ta tio n
.

E x a m p le  : F M  ra d io  (h ig h q u a ıity , 
n o t
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C o n c e p ts  o f ın s ta n ta n e o u s

F re q u e n c y
 A  ge n e r al  for m of  an  an g l e mo d u ıat ed  si gn a l  is�

g iv e n  b y

ą (1 ) is  th e  in s ta n ta n e o u s  a n g le

¢
, 
({ ) is  th e  in s ta n ta n e o u s  p h a s e  d e v ia tio n

 T h e  ins t an t an e o u s  an g u ıar  freq u e n c y  of .  (1 )�

d t 山
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 T h e  ıns t an t an e o u s  freq u e n c y  of  5 ' / )�

f
'

，
い가 一  _ j

'

，

4 
一  丫 i ·' '

2 山 2 冗 d t

W ,
.  u m

 T h t  n s t an t an e o u s  freq u e n c y  de v i at ion �i

□资團
V

, 
Ų

'

) =  

d t
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E x a m p le

 f or  the  si gn a l  beıow  find  the  ins t an t an e o u s �
fre q u e n c y a n d m a x im u m  fre q u e n c y
d e v ia tio n

.

x  (ı ) =
.  
Ą c o s[10  n r +  Æ í )
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P h a s e  m o d u la tio n  (P M )

 F o r  ph a s e  mo d u l at ion  (PM ) , t
he  ins t an t an e o u s �

p h a s e  d e v ia tio n  is  ¢
, 
(f ) =  k

"
/77 (1 )

 k .
 p

i
s the  p- e  sé n s t r r hu o f  the  PM  mo d u ıat or �

e x p re s s e d in  (ra d/ V ) if m  (t) is  in  V o lts

 T h e  ins t an t an e o u s  freq u e n c y  of .  Ý
F

Al  (1 )�

2 兀 余 1 0

'

Í 
/
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F re q u e n c y M o d u la tio n  (F M )
 F o r  Fr e q u e n c y  Mo d u ıat ion  (FM ) , t

he �

in s ta n ta n e o u s  p h a s e  d e v ia tio n  is

¢
t 
Q  ) =  k

f 
III (a ) d  (z

ra d / V  s  if m  (t) in

T h e  in s ta n ta n e o u s  fre q u e n c y o f .  
\

, v  (t )

2

v o  ıts
.

1 1

m o d u la to r e x p re s s e d  in
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H r ig re  rn o a u ia u o n  v ie w e D  a s  r lv l o r

P M

N 1 p « « n R 0
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a  C  S

A  P M /F M  m o d u la to r m a y b e  u s e d  to

g e n e ra te  a n  F M /P M  w a v e fo rm

F M  is  m u c h m o re  fre q u e n tıy u s e d  th a n  P M

A ll th e  p ro p e rtie s  o f a  P M  s ig n a l m a y b e

d e d u c e d fro m  th a t o f a n  F M  s ig n a ı

ın  th e  re m a in ın g p a rt o f th e  c h a p te r w e

d e a l m a in ly w ith F M  s ig n a ıs
.

1 4
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E x a m p le  5
.  
1

 S k e t ch  FM  an d  PM  wa v e s  for  the  m o d u ıat ing �
s ıg n a ı m  (t) s h o w n  in  F ig .  

5
.  
4 a

.  
T h e  c o n s ta n ts  k

f

a n d  k
p  

a re  2 7tx 1 0 5 
a n d 1 0 7t

, 
re s p e c tiv e ly , 

a n d

th e  c a rrie r fre q u e n c y '
c  
is  10 0 M H z

. .

F M

f
, 
(t ) = f

.  

+ m u  ) =  10 
"

+ 10 m 0 )
2 ìr

'

m in  

=  99
.  

9 .  1



Scanned by CamScanner

の

三
尸 。

�

lìin



Scanned by CamScanner

E E 3 2 5 : C h a p te r 5  (L e c
.  
# 2 )

A N G L E  M O D U L A T ıO N  &

D E M O D U  L A T IO N S

' 1 八 S ー ヨ小



Scanned by CamScanner

B a n d w id th o f A n g le  M o d u ıa te d

n a  s

1 ) F M  s ig n a ls  (u s in g T a yıo r s e rie s )

Y  · F

a (n  s in  (2trt ) ]

十 月 c o s (2瓦ら1 )+ s in i 2 石ブ
c  
t )+

1 ťL < ı3

w h e r e  a (t )
心19

B  = c 0
F M  (th e o re tic a lly )

2

S
lM  

Q ) =  A  R e {e i [ 2 '" fı "f °(," }
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 N a r row - B a n d  Fr eq u e n c y  Mo d u l at ion  (NB F M ) �

N B F  M

N a rro w - B a n d  P h a s e  M o d u

k 
p  

m  t < <  1

) A  c o s (2g'C' ) k
p  
m ) sin (2 tď

c

C ' "

3B 一 2 B
N B P M

Smf ft)- A  C O S(27¢
c  
t) kí
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BFt - 2 4  +  B ) =  Z B (Þ+ ľ \

P : d e v ia tio n  ra tio  o r m o d u la tio n  in d e x

/ıJ 
p  

=  111a x  n ı ({ )

 W i de - B a n d  Fr eq u e n c y  Mo d u ıat ion  (WB F M ) �

c a rrie r fre q u e n c y d e v ia tio n
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 N o t e,
 J

.
 (
n i s ne g l igi bl e for " " +  1�

L
2 tr

 T h e  res u l ts is va l id on l y for  s isoiqd s jgn a l .

T h e  s in g le  to n e  m e th o d c a n  b e  u s e d  fo r

fin d in g th e  s p e c tru m  o f a n  F M  w a v e  w h e n

m  (t) is  a n y p e rio d ic  s ig n a L 1弓
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F e a tu re s  o f A n g le  M o d u la tio n

C h a n n e l b a n d w id th m a y b e  e x c h a n g e d  fo r

im p ro v e d  n o is e  p e rfo rm a n c e
.  
S u c h tra d e - o ff

is  / 7o l p o s s ibıe  w ith A M

A n g le  m o d u la tio n  is  le s s  v u ın e ra b le  th a n  A M

to  s m a ll s ig n a l in te rfe re n c e  fro m  a dja c e n t

c h a n n e ls  a n d m o re  re s is ta n t to  n o is e
.  

H n

im m u n ity o f a n g le  m o d u la tio n  to .  
Cıć

n o n ıin e a ritie s  th u s  u s e d fo r h ig h p o w e r

s y s te m s  a s  m ic ro w a v e  ra d io
.
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 F M  is us e d  for  : r ad i o br oa d c a s t ing ,  s
o u n d �

s ig n a ı in  T V
, 
tw o - w a y fix e d a n d  m o b ile

ra d io  s y s te m s
, 
c e ııu la r te ıe p h o n e  s y s te m s

,

a n d  s a te ııite  c o m m u n ic a tio n s
.

 P M  is us e d  ex t en s i ve ıy in�
COmmunicatio a n d  f o r m  F M

.

 W B F M  is u s e d  wi de l y in sp a c e  an d �
s a te ılite  c o m m u n ic a tio n  s y s te m s

.

 W B F M  is aıso  us e d  for  hi gh  fide l ity rad i o�
tra n s m is s io n  o v e r ra th e r ıim ite d  a re a s

.

3
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G e n e ra tio n  o f F M  S ig n a ls

 T h e r e ar e two  wa y s  of  ge n e r at ing  FM �

w a v e s

I n d ire c t g e n e ra tio n

D ire c t g e n e ra tio n
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In d ire c t G e n e ra tio n  o f W id e b a n d F M

 I n thi s me t ho d ,
 a
 na r row b a n d  freq u e n c y - �

m o d u la te d s ig n a l is  firs t g e n e ra te d a n d th e n  a

* e q u e n c y m u ıtipıie r (ņonıinearjce ) is  u s e d

to  in c re a s e  th e  m o d

ı ı F  
FFF M \\đTTuJ
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D ire c t G e n e ra tio n

, T h e  m o d u la tiņ g  B n aı m  (t) d ire c tıy c o n tro ls

th e  c a rrie r * e q u e n c y .  [ í (ï  ) =  1 .  k
.

' " n ]

, A  c o m m o n  m e th o d  is  to  v a ry th e  in d u c ta n c e  o r

c a p a c ita n c e  o f a  v o lta g e  c o n tro lıe d  o s c iııa to r
.

M o d u la ti 
: Ls ig n a ı

J  f
R e s o n a n c e
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 A d v a n t ag e - L a r ge freq u e n c y  de v i at ion s  ar e�

p o s s ib le  a n d th u s  le s s  fre q u e n c y m u ıtip ıic a tio n

is  n e e d e d

 D i sa d v a n t ag e - T h e  ca r rier  freq u e n c y  ten d s  to�

 d r ift an d  ad d i tion a l  ci rcu i try is req u i red  for �

fre q u e n c y s ta b iıiz a tio n

 T o  st ab i lize  the  ca r rier  freq u e n c y ,  a
. h a s e - �

ıo c k e d lo o p c a n  b e  u s e d
.
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D e m o d u ıa tio n  o f F M  S ig n a ls

x (n  =  A  c o s  ct +  ¢U ) ]

 D e m o d u ıat ion  of  an  FM  si gn a ı req u i res  a�

s y s te m  th a t p ro d u c e s  a n  o u tp u t p ro p o rtio n a l to
th e  in s ta n ta n e o u s  fre q u e n c y d e v ia tio n  o f th e

in p u t s ig n a l
.

 S u c h  sy s t em  is ca ıled  a freq u e n c y �

d is c r im in a to r
.

1 5
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stra igh l

C 3 U S E S  n tì

t c h a

山S【

A m plitu de o í

O u tpu r S tgn a l

L a c lĽ Ħs tlc

In pu t F re qu e n c y

s ign aı
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 A  freq u e n c y - e l ec t ive  ne t wo r k wi th a tran s f er �
fu n c tio n  o f th e  fo rm  JH  ((o ) 1 =  a  úù o v e r th e  F M
b a n d  w o u ld  y ie ld  a n  o u tp u t p ro p o rtio n a l to
th e  in s ta n ta n e o u s  fre q u e n c y

 T h e r e ar e s e v e r al  po s s i bl e ex a m p łes  for �

fre q u e n c y  d is c rim in a to r
, 
th e  s im p ıe s t is  th e

F M  d e m o d u la to r b y d ire c t d iffe re n tia tio n

1 7
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F M  d e m o d u la to r v ia  d ire c t d iffe re n tia tio n

S

s
.  
(ï  ) =  A  c o s 2tr

.  
r +  k

í  
m  (a ) ć řa

 T h e  ba s i c ide a  is to co n v e r t FM  int o�

sin '

X
a n d th e n  u s e  A M  d e m o d u la to r

.

18

― s ({) = 月
。
+ k

了
n ?(l)
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B a n d p a s s  L im ite r

= c o s  [Q (n]

o u tp u t s ig n a ı

■
Þ ın p u t s ig n a l

1 9

O U  1 = '
,  
{ +  Ã 

f  
°  0 1c/°
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N oise spike s o n

inpu Į sign a İ

Prese t am plitu de lim its

l A
l i w l

11 the noise

is rem o v ed

 A n y  si gn a ı wh i ch  ex c e e d s  the  pr es e t  ıimi ts ar e�

s im p ly c h o p p e d o ff
2 0

A m plitu de Lim ite r
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E E 3 2 5  : C h a p te r 5 (L e c
.  

# 4 )

A N G L E  M O D U L A T ıO N  &

D  E  M O D  U  L A T IO  N  S

ļ j  ł
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P ra c tic a ı F re q u e n c y D e m o d u la to rs

 T h e r e ar e se v e r al  po s s i bl e ne t wo r ks  for �

fre q u e n c y d is c rim in a to r

F M  s ıo p e  d e te c to r

B a la n c e d  d is c r im  in a to r

Q u a d r a tu re  D e m o d u la to r

 A n o t he r  su p e r i or  tec h n i qu e  for  the�

d e m o d u ıa tio n  o f th e  F M  s ig n a l is  to  u s e  th e

P h a s e d  ıo c k e d  lo o p (P L L )

2
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F m  S ıo p e

su c) =  À c o s D ¢c
ı +  k

r nı(a1

.  ó n  ľ  ·
A m p l í   · * q ? l w Ļ  l V Ļŕ ¢  0  己 cJ o f

■

自

リ
阳 田

\

e  te  c to  r

ーー ヘ
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F M  S lo p e  D e te c to r

$ "ency Tp

fī
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S

義

F M  S lo p e  D e te c to r
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B a la n c e d D is c rim in a to r

呻
― ―

吕
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B a ıa n c e d D is c rim in a to r (C o n t
. )

IĻaĘ çhðJacłFrig{ç

四 国 国

，

7
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ı (

B a la n c e d  D is c rim in a to r (C o n t
.  J
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Q u a d ra tu re  D e m o d u la to r

 F M  is co n v e r ted  int o PM �

 P M  de t ec t or  is us e d  to rec o v e r  me s s a g e�

s ig n a l

FM  in pu t

sign al
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Q u a d ra tu re  D e m o d u ıa to r

y  (i)

r

ji(i)

- H n J(i)

P h a s e  s hi Ile r

Z

10
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P h a s e - L o c ke d L o o p (p L

l

l
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Z e ro - C ro s s in g D e te c to rs

の

參

の

Z e ro - C ro s s in g D e te c to rs  a re  a ls o  u s e d b e c a u s e

o f a d v a n c e s  in  d ig ita l in te g ra te d  c irc u its
.

T h e s e  a re  th e  fre q u e n c y c o u n te rs  d e s ig n e d  to

m e a s u re  th e  in s ta n ta n e o u s  fre q u e n c y  b y  th e

n u m b e r o f z e ro  c ro s s in g s
.

T h e  ra te  o f z e ro  c ro s s in g s  is  e q u a ı to  th e

in s ta n ta n e o u s  fre q u e n c y o f th e  in p u t s ig n a ı

14
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m

0 U l ıııııc iı y

C o n c e p ts  o f in s ta n ta n e o u s  fre q u e n c y

F M  a n d  P M  s i n a ts

B a n d w ıd th o f a n g le  m o d u la te d

N B F M  a n d  W B F M

s ig n a ls

G e n e ra tio n  o f F M  s ig n a ls

D ire c t a n d  in d ire c t g e n e ra tio n

D e m o d u la tio n  o f F M  s ıg n a ls

- fre q u e n c y d is c n m ın a to r

- P L L

15
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E E 3 2 5 : C h a p te r 6 (Le c
.  
# 1 )

S a m p lin g a n d P u ls e  C o d e

M o d u ıa tio n

M A  q m n r \i
L   
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o u tıin e

 i nt r od u c t ion �

*  S a m p ıin B  a n d s a m p lin B th e o re m

 P r ac t ica ı sa m p ıinB  an d  pu ıse  am p l itu d e �

m o d u la tio n  (PA M )

 p u ıse  co d e  mo d u ıat ion  (PC M ) �

 D i ffer en t ial  pu l se  co d e  mo d u l at ion  (DP C M ) �

 D e ıta m o d u l at ion .
�
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In tro d u ctio n

 T h e r e is an  inc r ea s e  us e  of  di gi taı co m m u n i ca t ion �

s y s te m s

 D i gi tal  co m m u n i ca t ion s  of fer  se v e r aı imp o r tan t �

a d v a n ta g e s  c o m p a re d to  a n a ıo g c o m m u n ic a tio n s

s u c h a s  h ig h e r p e rfo r m a n c e
, 
h ig h e r s e c u rity  a n d

g re a t e r Ħe x ib iıity .

 D i gi taı tr an s m i ss i on  o f  an a ıog  si gn a ıs r eq u i re�
A n a lo g  to  D ig ita ı c o n v e rs io n  (A D ).

 D i gi tal  pu l se  mo d u l at ion �

3
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A n a lo g  to  D ig ita l c o n v e r te r

x
.  (t) S a ln ple  x  (n ) Q u a n tiz e r

'

a n d h o ld

X
, ł 
(n ) C o de l 1011o

争 1 ト 争

\ J
~

d

\A Ĵ  2
"

4
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P C M  sy ste m

ı 

S a r1ìple r
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S a m p lin g

 A  typ i caı me t ho d  for  ob tai ni ng  a di sc r et e- t ime �

s e q u e n c e  x  (n ) fro m  a  c o n tin u o u s - tim e  s ig n a l

x  (t) is th ro u ßh p e rio d ic  s a m p lin g .

x  (n ) =  x  (n ţ ), fo r - o o  <  n  <  o o

 T ,
 :

 s a m p l inß pe r iod . �

 L '
,

 s a m p l ing  freq u e n c y�

o r s a m pıin g ra te  
=

.  
Ý

島
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S p e c tr u m  o f X
, 
(f)
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q ĖJ -
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S a m p lin g

x ( x (t

 l s it po s s i bıe to re co n s truc t  the  an a ıoB  si gn a l �

fro m  th e  s a m pıe d v a ıu e d ?

\0
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S a m p lin g

 G i ve n  an y  an a l og  si gn a l ,
 h
o w  sh o u l d we  se ıec t  the �

s a m p ıin g  p e rio d  T
,  
(o r th e  s a m p lin g fre q u e n c y  İ .

)
w it h o u t ıo s in g  th e  im p o r ta n t in fo r m a tio n  c o n ta in e d

in  th e  s ig n a ı
.
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S p e c tr u m  o f X
, 
(f)

1
.  

2 8

ミ三 2 鸥

仨く 2勇

12

r p  
"

r p

E ıim '



Scanned by CamScanner

1ï r  < 2

(b)

13

교
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S ırm p lin g T  ııe o ] e m

Le t m  (t) b e  a  re a l v a ıu e d b a n d - lim ite d s ißn a l h a v in g a

b a n d w id th B
, 
a n d m  (n ) b e  th e  s a m p le  v a lu e s o f m  (t)

w h e re  n  is  a n  in te B e r

T h e  s o m p lín g  th e o r e m  s ta te s th a t th e  s ig n a l rn  (t) c a n

b e  re c o n str u c te d fro m  m {n T ) w ith n o  d is to rtio n  If th e

s a m p lin g fre q u e n cy

1.2B

 T h e  ml nl mu m  sa m p lınß rat e 2B  ls ca ıled  the  Ny q u l st �

s a m pıïn g  ra  te .

M
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T y p ic a l s a m p lin g ra te s  to r s o iT ıe  c o m m o n

a  p p I i c a  t i o  n  s

A p p lic ·田园ı B 国四国国
S p e e c h  4 k H z  8 k tłz

A u d io  I 2 0 k H z  1 4 0 kH z

V id e o  1 4 M H ,  ı
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x a  rn  ie

 D e t er m i ne  the  Ny q u i st ra t e of  the  fol low i ng �
a n a lo g  s ig n a l a n d  p lo t th e  sp e c tr u m  o f th e

s a m p le d  s ig n a l fo r

1
.  
Fs =  15 0 H z  2

.  
Fs =  3 0 0 H z  3

.  
Fs =  5 0 0 H z

x  (t) =  3 c o s (S O n t) +  to s in  (3 0 0 n t) - c o s  (lo o n t)

16
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To  A v o id in ß a ıia s in ß

 B a n d - l imi tinß si Bn a l s (by fiıter inß)  be f or e�

s a m p lin g .

S a m p lin g  a t a  ra te  th a t is s re a te r th a n  th e

N y q u ist ra te
.

(t)

17
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E E 3 2 5 : C h a  pte r 6 (Le c
.  
# 2 )

S a m pıin g  a n d P u ls e  C o d e

M o d u ıa tio n

M A S m a d i
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P ra c tic a l S a m p li n g

 ı n pr ac t ice ,
 w
e  mu l tipl y a si gn a ı × (t) by a trai n of �

p u ls e s o f fin ite  w id th
.

 T h e r e ar e two  typ e s  of  pr ac t ica l  sa m p l ing �

- N a tu ra l S a m p lin g (G a tin g)

- In sta n ta n e o u s  S a m p lin g .  
A ls o  kn o w n  a s  lla t- to p

PA M  o r s a m pıe - a n d - h o ıd .
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N a tu ra l S a m p lin g
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G e n e ra tio n  o f PA M  w ith n a tu ra l s a m p lin g

X {t)

一 上ı 良 一

= Ľ i i l  f

角
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A rıů tF, ë r anipl ĉ  c f Tia i u T o l s a m p lin g

1目团团团团团团国

I ı

S ig n a l w a v e ¢o rm  S a m p le d w a v e fo rm

乡·
每 島 ち ア 医 ·ł も ナ

S   * *  V   W  W  Ų  y ł ı¢

S 几 ı. 八 q
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四

S a  m  p  le d  w a v  e fo  r m

A

t 2 0 1 4 0 1 Go t ac \ \30 1 *  2X r  · 4 0 1 ı0  \!

吕
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S a m p le - a n d H o ld

ľ ( 1 )

国
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S a m rlin g Ďisc ha rgc

s w rtc h s w  JTL h

ı?t

S a m p /e - a n d - h o /d  SłH ) c LTc u \T .
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N a tu ra l S a m p lin g (G a tin g ) : S p e c tr u m

 T h e  sp e c t ru m  (Ħ)  of  the  sa m p l ed  (PAM ) �
s ig n a l is

I  
T

Q - D u ty cylc e  o f s  (t)

了
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N a tu ra ı S a m p lin g (G a tin g ) : S p e c tru m

d X ( /)

łę
.  

ę.
- 6 8 eT ¢

F― ―
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S a m p ıe a n d H o ld ( fla t to p s a m p ıin g )

Z

x (k  ) r e e t

k 二二 天

H门 。
，一

1 2

tlg
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S a m p le  a n d  h o ld  S p e c tru m

x
.
(丁)一 r  snci丁门 x (丁 长了

，
)

k = r

1 3

x
.  
( / ) =
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S a m p le  a n d h o ld : S p e c tr u m

A  

ť 'ţ  Á , > n r ( T f  

14

r
, s in e  (t f) × (f) i
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 w e  se e  tilat  Dy  us i ng  na t - op  sa m þ l iFğ we  ha v e �

in tro d u c e d  a m p lit u d e  d is to r tio n
,  

a n d  th e  p rim a ry

e « ė c t is  a n  a tte n u a tio n  o f h ig h fre q u e n c y

c o m p o n e n ts
.  
T h is  e ffe c t is  k n o w n  a s  th e  o p e r tu r e

e flie c t
.

 I f r« < T . t
he n  H (  f) rep r es e n t s a LPF .

�

 E l se ,
 w
e  ca n  us e  a LPF  su c h  tha t �

H
e q
l 61=  ı/H M

Th e  LP Ĺ is  c a  \ \ e d  a n  e q  u a llz a tio n  Jllte r
.
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R e a s o n s fo r in te n tio n a lly ıe n g th e n in g th e  d u ra tio n  o f

e a c h s a m p le  a re

 R e d u c e  the  r eq u i red  tran s m i ss i on  ba n d w i dt h : B  is�

in v e rs e ıy  p ro p o rtio n a l to  p u ls e  d u ra tio n

 T o  ge t  the  ex a c t  si gn a l  va l ue ,
 t
he  tran s i en t  mu s t�

fa d e  a w a y

16
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E E 3 2 5 : C h a p te r 6 (Le c
.  
# 3 )

S a m p lin g  a n d P u ls e  C o d e

M o d u la tio n

M A S m a d i
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P u ls e  M o d u la tio n

 P u l se  mo d u l at ion  r es u l ts wh e n  so m e  ch a r a ct er istic�

o f a  p u ls e  is m a d e  to  v a ry in  o n e - to - o n e

c o r re s p o n d e n c e  w ith th e  m e s s a g e  s iB n a l
.

 A  pu ıse  is ch a r a ct er ize d  by  thr ee  qu a ıities �

A m  p l itu d e

W id th ) こ 严 り

p o s itio n ı

w
) A

乡

 P u l se  am p l itud e  mo d u l at ion ,
 P
u l se  wi dt h�

m o d u la tio n
, 
a n d P u ıs e  p o s itio n  m o d u la tio n

咱
吕
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P u ls e  a m p lit u d e  m o d u la tio n  (PA M )

In  P u ls e  A m p lit u d e  M o d u ıa tio n
,  

a  p u ls e  is  g e n e ra te d

w ith a n  a m p lit u d e  c o r re s p o n d in g  to  th a t o f th e

m o d u ıa tin g  w a v e fo r m
.

 T h e r e ar e two  typ e s  of  PAM  sa m p l ing �

- N a tu ra l S a m p lin g  (G a tin g )

- F la t to p  o r s a m p le - a n d h o ld
.

3
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PA M  Sy s te m

LP F

,  re d

s ign a l T
丁 I  a n s m itte ľ R e ceh  · e t

A  s y s te m  t ra n s m itt in g s a m p le  v a ıu e s  o f t h e  a n a lo g

sig n a  \ is  c a lle d  a  p u ls e - a m p litu d e  m o d u la tio n  (PA M )
s y ste  m .

4
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PA M

W h ile  PA M  w a s  d e p lo y e d in  e a rly A T &  T  D im e n s io n

P B X s
,  
th e re  a re  n o  p ra c tic a l ım pıe m e n ta tio n s in  u s e

to d a y .  
H o w e v e r

, 
PA M  is  a n  im p o rta n t first ste p in  a

m o d u ıa tio n  s c h e m e  kn o w n  a s P u ls e  C o d e

M o d u la tio n

弓

LIke  A M
, 
PA M  ls v e ry s e n s itiv e  to  n o is e .
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N o te

P B X  : S h o r t fo r p r iv a te  b r a n c h e x c h a n g e
,  

a

p riv a te  te ıe p h o n e  n e tw o rk u s e d w ith in  a n

e n te rp ris e
.

 U s e r s of  the  PB X  sh a r e a ce r tai n n u m b e r  of �

o u ts id e  lin e s  fo r m a kin g te ıe p h o n e  c a lıs

e x te r n a l to  th e  P B X
.

巷
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P u ls e  W id th  M o d u ıa t io n  (P W M )

 ı n P W M ,
 p u l se s  ar e ge n e r at ed  at  a r eg u ıar  r at e .

 T
h e �

le n g th o f th e  p u ls e  is  c o n t ro lle d  b y  t h e  m o d u la tin g
s ig n a l's  a m p lit u d e

.

工

程 ノ
グ ー

ミメ气の
丁 二二乙

-

L p 十 〈一

亿 ヒー 〉 \
一

二 '

L4
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P u ls e  P o s itio n  M o d u la tio n  «P P M )

 P P M  ls a sc h e m e  wh e r e th e  pu ıse s  of  eq u a ı�

a m p lit u d e  a re  g e n e r a te d  a t a  r a te

c o n tr o ııe d  b y  th e  m o d u ıa tin g  s ig n a l' s
a m p ılt u d e

.
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0

à  P u ıs e  C o d e  M o d u ıa tio n

L

x
, (t) Sam ple x (n ì Qu antizer

一 + 1 an引向ıd 厂 수

x
q (n) C oder 1011o

陜 厂 卡

à ,  sì
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A d v a n ta g e s o f P C M

 I ne x p e n s i ve  di gi taı ci rcu i try ma y  be  us e d  in the�

s y s te  m
.

 A l l- i gi tal  tr an s m i ss i on .
�

山

F u rth e r d ig ita ı s ig n a ı p ro c e s s in g s u c h a s

e n c ryp tio n  is  p o s s ib le
.

*  E r ro rs  m a y b e  m in im iz e d by a p p ro p ria te  c o d in g

th e  s ig n a ls
.

o f

S ig n a ls  m a y b e  re g u la rly re s h a p e d o r re g e n e ra te d

u s in g r e p e o te rs  a t a p p ro p ria te  in te rv a ıs
.
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A  s in g le c h a n n e l P C M  t ra n s m is s io n  s y s te m

11

t 
r
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{/  A d v a n ta g e s  o f P C M

ın e x p e n s iv e  d ig ita ı c irc u itry  m a y b e  u s e d in  th e

s y s te  m
.

A ıl d ig ita l t ra n s m is s io n
.

F u rth e r d ig ita ı s ig n a l p ro c e s s in g s u c h a s

e n c ry p tio n  is  p o s s ibıe
.

E r ro rs  m a y  b e  m in im iz e d b y a p p ro p ria te  c o d in g  o f

th e  s ig n a ls
.

S ig n a ls  m a y  b e  re g u la rly re s h a p e d o r re g e n e ra te d

u s in g  r e p e a te rs  a t a p p ro p ria te  in te rv a ıs
.
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 Q u a n t ize r  co n v e r ts the  di sc r et e time  si gn a l �

in to  a  s a m p le d a n d q u a n tiz e d s ig n a ı th a t is

d is c re te  in  b o th tim e  a n d a m p ıit u d e
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 Q u a n t iza t ion  ca n  be  un i lor m  an d  no n u n i jior m�

*  T h e  q u a n tiz a tio n  d is c u s s e d s o  fa r is  s a id  to  b e

u n ifo r m  s in c e  a ll o f t h e  s te p s  A  a re  o f e q u a l s iz e
.

 N o n u n i for m  qu a n t iza t ion  us e s  un e q u a ı step s�
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U n ifo r m  Q u a n tiz a tio n

 T h e  am p l itu d e  of  m,
 (
t) ca n  be  co n f ine d  to  the  r an g e �

【m  
a /

田
。
]

 T h i s ran g e  ca n  be  di vi de d  in L zo n e s ,
 e

a c h  of  st e p  A�

 T h e  sa m p l e am p l itu d e  va l ue  is ap p r ox i ma t ed  by  the �

m id p o in t o f th e  in te rv a ı in  w h ic h it lie s
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 A s s u m i ng  tha t  the  er r or  is eq u a l ly likel y (un i for m�

d is t rib u te d ) to  lie  a n y w h e re  in  th e  ra n g e  ( A /2 ,

A /2 ),  th e  m e a n s q u a re  q u a n tiz in g  e r ro r is g iv e n  b y
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N o n u n ifo r m  Q u a n tiz a tio n

 F o r  ma n y  cl as s e s  of  si gn a ıs the  un i for m  qu a n t izi ng  is�

n o t e Ħic ie n t
.

*  E x a m p ıe  : s p e e c h s ig n a l h a s la rg e  p ro b a b ility o f

s m a ıl v a ıu e s  a n d s m a ll p ro b a b ility o f ıa rg e  o n e s
.

· S o lu tio n  : a ılo c a te

a n d le s s  fo r ıa rg e
.

g re a tly re d u c e d

2

m o re  ıe v e ls fo r s m a ıı a m p litu d e s

T h u s
,  
to ta ı q u a n tiz in g n o is e  is
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o b ta in e d  b y  first p a s s in g th e  a n a ıo g s ig n a ı th ro u g h

a  c o m p re s s io n  (n o n ıin e a r) a m p lifie r  a n d th e n  in to

th e  P C M  c irc u it th a t u s e s a  u n ifo r m  q u a n tiz e r
.

A t th e  re c e iv e r e n d
,  
d e m o d u ıa te  u n ifo r m  P C M  a n d

e x p a n d  it
.

ı

T h e  t e c h n iq u e  is c a ııe d c o m p a n d in g .

T w o  c o m m o n  te c h n iq u e s
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·

1
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N o n u n ifo r m  Q u a n tiz a tio n

 T h e  co m p r es s e d  s a m p l es  mu s t be  res t or ed  to�

th e ir o rig in a ı v a lu e s  a t th e  re c e iv e r b y  u s in g  a n

e x p a n d e r w ith a  c h a ra  c te ris tic s  c o m p le m e n ta ry

to  th a t o f th e  c o m p re s s o r
.

 T h e  co m b i na t ion  o f  co m p r es s i on  a n d  ex  pa n s i on �

is c a lle d c o m p a n d in s
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C e d in g  c f Quintized S a m p le s

T h e  c o d in g  p ro c e s s  in  a n  A /D  c o n v e rte r a s s ig n s  a

u n iq u e  b in a ry  n u m b e r to  e a c h q u a n tiz a tio n  le v e l
.

F o r e x a m p le
,  
w e  c a n  u s e  b in a ry  a n d g ra y  c o d in g .

, A w o rd ıe n g th o f n  b its c a n  c re a te  L =  2 n  d iffe re n t

b in a ry  n u m b e rs
.

T h e  h ig h e r th e  n u m b e r o f b its
, 
th e  fin e r th e

q u a n tiz a tio n  a n d th e  m o re  e x p e n s iv e  th e  d e v ic e

b e c o m e s
.
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國国 ひ 。

ı=  B a n d w id th o f p C M

 W h a t  is the  sp e c t r u m  of  a P C M  si gn a l ?�

 T h e  sp e c t n J m  of  the  PC M  si gn a ı de p e n d s  on  the  bi t�

ra te
, 
th e  c o r re la tio n  o f th e  P C M  d a ta

, 
a n d o n  th e

P C M  w a v e fo r m  p u ls e  s h a p e  (u s u a lly re  c ta n g u la r)
u s e d to  d e s c rib e  th e  b its

.

I  · T hT h e  d im e n s io n a lity th e o re m  [2] s h o w s  th a t th e

b a n d w id th o f th e  P C M  w a v e fo rm  is b o u n d e d by

B z R 12 - n EllP C M

w h e re  R  : b it ra te
2
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E x a m pıe  6 .  
3

P L  I H
 A  si gn a ı m (t) of  ba n d w i dt h B=  4  kHz  is tran s m i tted �

u s in g  a  b in a ry  c o m p a n d e d p C M  w ith p - 1 0 0
.  

Y L D w

C o m p a re  th e  c a s e  o f L - 6 4  (n - 6 ) w ith th e  c a s e  o f

L =  2 5 6  (n - 8 ) fro m  th e  p o in t o f v ie w  o f t ra n s m is s io n

b a n d w id th a n d th e  o u tp u t S N R
.
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 S a m p l es  of  a ba n d - imi ted  si gn a l  ar e co r r eıat ed .
�

T h is  c a n  b e  u s e d  to  im p ro v e  P C M  p e r fo r m a n c e  to

d e c re a s e  th e  n u m b e r o f b its  u s e d  (a n d
,  
h e n c e

,  
th e

b a n d w id th ) o r to  in c re a s e  th e  q u a n tiz a tio n  S N R  fo r

a  g iv e n  b a n d w id th
.

 M a i n ide a  q u a n t ize  an d  tr an s m i t th e  di ffer en c e �

b e tw e e n  tw o  a dja c e n t s a m p ıe s  ra th e r ttin W e

v a lu e s
.

 S i nc e  two  ad jac e n t  sa m p ıes  ar e co r n e ıat ed ,
 t
he y �

d iffe re n c e  is  s m a ll a n d re q u ire s  le s s  b its  to  tra n s m it
.
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B a n d w ıd th R e q u ire m e n ts fo r T D M

ı ıf N  b a n d - lim ite d sißn a ls a re  m u ltip le x e d e a c h

w ith b a n d w ıd th B

ı T h e  m in im u m  T D M  s a m p lin g ra te  is

4 .  M  
=  2 N  B

ı If e a c h s a m p le  is  c o d e d w ith n  b its
, 
th e n  th e

m in im u m  tra n s m itte d d a ta  ra te  is

R =  2 n  N  B

T h e  m in im u m  tra n s m is s io n  b a n d w id th is
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T D M  : C o n c e p t o f F ra m in g  a n d S y n c h r o n iz a tio n

x
N  

M a rk e r  x ı x 2 x  
A ï 

M a rk e r x l

p A M  A
,

\  
l

F ra m e

 T h e  time  int er va ı TF
 c

o n t ai ni ng  on e  sa m p / ej ro m  ea c ł)�

m e s s cirg e  s ig n a l is  c a ııe d a  fr a m e
.

 a n  ex t ra pu ıse  (ca l led  ma r ke r ) is t ra n s m i tted  for �

sy n c h ro n iz a tio n
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C o m p a ris o n  o f T im e  a n d F re q u e n c y  D iv ls ıo n

M u ıtip le x in ß

T Tm e  d iv is io n  m u ltip le x in g t In d iv id u a l T D M

c h a n n e ls  a re  a s s ig n e d to  d is tin c t tim e  s lo ts  b u t

ju m b ıe d to g e th e r in  th e  fre q u e n c y  d o m a in .

C h a n n e ıs  a re  s e p a ra te d in  th e  tim e  d o m a in

 F r e q u e n c y  di vi si on  mu l tipl ex i ng  \ nd Y v\ du a \  FDM �

c h a n n e ıs  a re  a s s ig n e d to  d is tin c tjr e g u e n c y  r e g io n s

b u t ju m b le d  to g e th e r in  th e  tim e  d o m a in
.  
C h a n n e ıs

a re  s e p a ra te d in  th e  Jr e g u e n c y  d o m a in

16
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C o m p a ris o n  o f T im e  a n d  F re q u e n c y  D iv is io n

M u ıtip le x in g

 M a n y  of  the  TD M  ad v a n t ag e s  ar e tec h n o l og y�

d r iv e n
.  
T h e  d ig ita l c irc u its  a re  m u c h c h e a p e r a n d

e a s ie r to  im p le m e n t

In  F D M
, 
im p e rfe c t b a n d p a s s filte rin g a n d

n o n lin e a r c ro s s m o d u ıa tio n  c a u s e  c ro s s  ta lk
.

T D M  is  n o t s e n s itiv e  to  th e s e  p ro bıe m s
.
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P r in c ip le  O p e ra tio n

 m e s s a g e  si gn a l  is ov e r - s a m p l ed �

 d i Ħe r en c e  be t we e n  the  inp u t  an d  the �

a p p ro x im a tio n  is q u a n tiz e d in  tw o  ıe v e ıs  + /- A

 t he s e  lev e l s co r r es p o n d  to po s i tive / ne g a t ive �

d iĦe re n c e s

 p r ov i de d  si gn a l  do e s  no t  ch a n g e  ve r y ra p i dl y�

th e  a p p ro x im a tio n  re m a in s  w ith in  + /- A
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A s s u m p tio n s  a n d m o d e ı

W e  a s s u m e  th a t

 m  (t) de n o t es  t he  inp u t  me s s a g e  si gn a l �

 m  q
 (
t) de n o t es  the  stai rca s e  ap p r ox i ma t ion �

s a m p ıe  o f th e  s ig n a ı m  (t) a t t im e  t =  n ,  
w h e re

T
s 
is  th e  s a m p lin g p e rio d

*  th e n
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c o n t
.

«   · w e  c a n  e x p re s s  th e  b a s ic  p rin c ip le s o f th e  d e lta

m o d u la tio n  in  a  m a th e m a tic a ı fo r m  a s  fo llo w

· e [n ] =  m [n ] m
q  
[n 1] : e r ro r s ig n a l

Ç

朱ム ' e  
a J ++T-rrgx ı

h

.  M
q  
[n ] =  m

q  
[n 1] +  e

q 
[n ] : q u a n tiz e d o u tp u t

6/« 5

ir h  L I
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P r o s  a n d  c o n s

 M a i n a d v a n t ag e - s i mp l ici ty�

*  S a m p le d  v e r s io n  o f t h e  m e s s a g e  is  a p p lie d  t o

a  m o d u la t o r (c o m p a ra to r
, q u a n t iz e r

,

a c c u m u la to r)
 d e l ay  in a c c u m u l at or  is"

u

n i t de l ay "
.

 o n e �

s a m p le  p e r io d (z ')
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D M  B ıo c k D ia g ra m

S a rn p ııd

c h a rırw ı s  [»e c * d e r

o u tp u t

L ı\  u ıl h  ıiercıł»rıiıed
: 

:'Ţ · - e ļ s h E e  S  m ı

A c c u ın u ıiııo r

(み)

8

A c t  ırıı  łla iw

L ı
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T ra n s m itte r Sıd e

 c o m p a r a t or - o m p u t es  di ffer en c e  be t we e n  inp u t  si gn a l  an d �

o n e  in te r v a l d e la y e d v e r s io n  o f it

I/
q u a n tiz e r in c ıu d e s a  h a rd

ıim ite r w ith a n  in p u t o u tp u t 
/71 

q  
[ì?] =  A  sg n  (e tíj)

r e la tio n  a  s c a ıe d v e rs io n  o f i· ı

th e  s ig n u m  fu n c tio n

a c c u m u la to r p ro d u c e s th e

a p p ro x im a tio n  m  
q
fn ] (fin a ı

r e s u lt) a t e a c h s te p b y

a d d in g  e ith e r + A  o r A

=  t ra c kin g  in p u t s a m p le s  b y

o n e  s te p  a t a  tim e

° 

W
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R e c e iv e r S id e

 d e c o d e r - c r ea t es  the  se q u e n c e  of  po s i tive  or �

n e g a tiv e  p u ls e s

 a c c u m u ıat or - c r ea t es  the  stai rca s e �

a p p ro x im a tio n  m  
9 
[n ] s im ila r to  T x  s id e

 o u t - o f -b a n d  no i se  is cu t  of f by low - p a s s  filter �

(b a n d w id th e q u a l to  o rig in a l m e s s a g e

b a n d w id th )

10
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Sıo p e  O v e rh e a d D is to rtio n

 T h e  qu a n t ize d  me s s a g e�

s ig n a l c a n  b e .
, [n ] =  m [n ] +  q [n ]

re p re s e n te d a s  : 
m

, 
[n 1] +  e

q  [n ] =  m [n ] +  q [n ]

w h e re  th e  in p u t to  th e

q u a n tiz e r c a n  b e  
e [n ] =  m [n ] m [n 1] q [n 1]

re p re s e n te d a s

S o
, (e x c e p t fo r  th e  q u a n tiz a tio n  e rr o r) th e  q u a n tiz e r  in p u t

is  th e  first b a c k w a rd difrence (d e r lv a tlv e) o f th e  In p u t

s lg n a ı =  in v e rs e  o f th e  digita l in te g ra tio n  p ro c e s s

U /I S
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G ra n u la r N o is e

*  ın  c o n t ra s t to  sıo p e  o v e rh e a d

·

O c c u rs  w h e n  s te p  s iz e  is  to o  ıa rg e

U s u a ııy  re ıa tiv e ly  fla t s e g m e n t o f th e  s ig n a ı

A n a ıo g o u s  to  q u a n tiz a tio n  n o is e  in  P C M  sy s te m s

n ix s e

14
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C o n c l u s lo n

 L ar ge  step - s i ze  is ne c e s s a r y to ac c o m m o d a t e a�

w id e  d y n a m ic  ra n g e

 S m a l l step - s i ze  is req u i red  for  ac c u r a cy  wi th�

lo w - le v e l s ig n a ıs

 =  c o m p r om i se  be t we e n  sl op e  ov e r he a d  an d �

g ra n u la r n o is e

 =  a d a p t ive  de l ta m o d u l at ion ,
 w
h e r e the  step �

s iz e  is m a d e  to  v a ry w ith th e  In p u t s ig n a l

16
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D e ıta  S ig m a  M o d u la tio n  (D S M )

C o n v e n tio n a l d e ıta  m o d u la tio n - Q u a n tiz e r

in p u t is  a n  a p p ro x im a tio n  o f th e  d e riv a tiv e  o f

th e  in p u t m e s s a g e  s ig n a ı m (tì.

 R e s u l ts  in the  ac c u m u ıat ion  of  er ror  (no i se ) �

 P os s i bl e so l ut ion  : int eg r at ing  the  me s s a g e�

b e fo r e  d e lta  m o d u la tio n - c a lle d d e lta  s ig m a

m o d u ıa tio n

16
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R e m a rk

T h e  m e s s a g e  s ig n a l is d e fin e d in  its  c o n tin u o u s

fo r m s o  p u ls e  m o d u la to r c o n ta in s  a  h a rd

ıim ite r a n d a  p u ls e  g e n e ra to r to  p ro d u c e  a  1

b it e n c o d e d s ig n a l

In te g ra tio n  a t th e  T x  re q u ire s d il le r e n tía tio rï

a t th e  R x s id e .

B u t : A s  in  c o n v e n tio n a l D M  th e  m e s s a g e  h a s

to  b e  in te g r a te d  a t th e  fin a l sta g e  th is

e lim in a te s th e  n e e d o f d iffe re n tia tio n  h e re
.
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B lo c k d ia g ra m s  D S M

18
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P ro s  a n d c o n s  fo r D S M

 S i mp ıici ty of  imp ıem e n t at ion  bo t h at  the  Tx �

a n d R x  s id e

R e q u ire s  s a m p ıin g ra te  fa r in  e x c e s s  o f th e

N y q u ist ra te  (P C M ) in c re a s e  in  t ra n s m is s io n

a n d c h a n n e ı b a n d w id th

 ı f ba n d w i dt h is at  a p r em i um  we  ha v e  to�

c h o o s e  in c re a s e d sy ste m  c o m p le x ity

(a d d itio n a ı s ig n a ı p ro c e s s in g) to  a c h ie v e

re d u c e d b a n d w idth
.

19
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c o n te n t

 D i Bi taı Co m m u n i ca t ion  Sys t em s �

*  Lin e  C o d in B

 P u l se  Sh a p i nB �

 M - r y Co m m u n i ca t ion �

*  D ig ita l C a r rie r Sys te m s

 D i gi taı Mu h i pl ex i nB �
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P rin c ip a ls  o f D iB ita l D a ta  T ra n s m is s io n

T h is  c h a p te r d e a ıs  w ith th e  p ro b le m s  o f tra n s m ittin g d ig ita l

d a ta  o v e r a  c h a n n e ı H e n c e
, 
th e  s ta rtin g m e s s a g e s  a re

a s s u m e d  to  b e  d ig ita ıT o  b e g in  w ith w e  s h a ll c o n s id e r th e

b in a ry c a s e
, 
w h e re  th e  d a ta  c o n s is ts  o f o n ly tw o  s y m b o ls

a n d  0 W e  a s s ig n  a  d is tin c t w a v e fo rm  (p u ls e ) to  e a c h o f

th e s e  tw o  s y m b o ls T h e  re s u ltin g s e q u e n c e  o f th e s e  p u ıs e s

is  tra n s m itte d o v e r a  c h a n n e ıA t th e  re c e iv e r
, 
th e s e  p u ıs e s

a re  d e te c te d a n d a re  c o n v e rte d b a c k to  (1
'

s  a n d 0
'

s )

3
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P rin c ip a ıs  o f D ig ita ı D a ta  T ra n s m is s io n

M u ltip le x e r

 G e n e r al ıy s p e a k i ng ,  t
he  c a p a c i ty o f  a p r a ct ica l  c h a n n e l �

tra n s m ittin g  d a ta  is  m u c h la rg e r th a n  th e  d a ta  ra te  o f

in d iv id u a l s o u rc e s T o  u tiliz e  th is  c a p a c ity  e ffe c tiv e ly , 
w e

c o m b in e  s e v e ra l s o u rc e s  th ro u g h a  d ig ita l m u ltip le x e r

u s in g  th e  p ro c e s s  o f in te rle a v in g

 T h u s  a  c h a n n e l  i s t ime  s h a r ed  b y  s e v e r aı m e s s a g e s �

s im u lta n e o u s ly

5
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P rin c ip a ls  o f D ig ita l D a ta  T ra n s m is s io n

L in e  C o d e r

T h e  o u tp u t o f a  m u ltipıe x e r is  c o d e d in to  e ıe c tric a ı p u ls e s

o r w a v e fo rm s  fo r th e  p u rp o s e  o f tra n s m is s io n  o v e r th e

c h a n n e ıT h is  p ro c e s s  is  c a lle d lin e  c o d in g

T h e re  a re  m a n y p o s s ib le  w a y s  o f a s s ig n in g w a v e fo rm s

(p u ls e s ) to  th e  d ig ita l d a ta In  th e  n e x t p a ra g ra p h w e

c o n s id e r th e  b in a ry c a s e  (tw o  s y m b o ls )

6
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P rin c ip a ls  o f D lB ita l D a ta  T ra n s m ïs s lo n

R Z  a n d  N R Z  s lg n a ıs

 W n e n  the  p u l se  du r at ion  i s h a l f the  b i t du r at ion  (  TB /
 2)�

th e  re s u ltin g s ig n a ı is  c a lle d R Z  (re tu rn  to  z e ro )

 W h e n  the  pu l se  du r at ion  is eq u a l  to the  bi t du r at ion  ( T�

th e  re s u ltin g s ig n a l is  c a lle d N R Z  (n o n  re tu rn  to  z e ro )

7
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P rin c ip a ıs  o f D ig ita l D a ta  T ra n s m is s io n

R e g e n e ra tiv e  re p e a te r

 R e g e n e r at ive  r ep e a t er s a r e u s e d  a t  r eg u ıar ly s p a c e d �

in te rv a ıs  a lo n g a  d ig ita l tra n s m is s io n  ıin e  to  d e te c t th e

in c o m in g d ig ita ı s ig n a ı a n d re g e n e ra te  n e w  c ıe a n  p u ıs e s

fo r fu rth e r tra n s m is s io n  a lo n g th e  ıin e

 T h i s p r oc e s s  p e r iod i ca ıly e ıimi na t es ,
 a

n d  t he r eb y�

c o m b a ts
, 
th e  a c c u m u ıa tio n  o f n o is e  a n d s ig n a ı d is to rtio n
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Lin e  C o d in g

O n - O Ħ L in e  C o d in g

B it =  1 +  is  tra n s m itte d  b y  a  p u ıs e  p t7

B it =  O is  tra n s m itte d  b y  n o  p u ls e  (z e ro  s ig n a ı)

1 1 0 0 1 0 1 1 0 0 0

n n n 回国日日
ı

R Z  o n - o «

9
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B it  ·  1 +  is  tra n s m itte d by a  p u ls e  p t}

B it =  O +  is  tra n s m itte d b y - p (y

A d v a n ta g e s  P o w e r  e nic ie n c y

0 0 1 0 1 1 0 0 0

口日日 ，一

U U U l?ııııı
(b)

R Z  p o ıa r
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Lin e  C o d in g

B ip o ıa r L in e  C o d in g (p s e u d o te rn a ry o r a ls o  a lte rn a te  m a rk

in v e rs io n  A M I)

B it  ·  O  +  is  tra n s m itte d b y n o  p u ls e

B it =  1 is  tra n s m itte d b y p {t o r Q {t d e p e n d in g  w h e th e r

th e  p re v io u s  1 is  tra n s m itte d b y , o {T o r p ńy
A d v a n

0 O ı 0 1 1 0 0 0

L  
t  

R z  b ip o ıa r

(c )
\ l
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Lin e  C o d in g

D ig ita ı d a ta  c a n  b e  tra n s m itte d by v a rio u s  tra n s m is s io n  o r

ıin e  c o d e s
, 

s u c H a s  o n o ff
, p o ıa r

, 
b ip o la r

, 
a n d  s o  o n E a c h

h a s  its  a d v a n ta g e s  a n d d is a d v a n ta g e s A m o n g  o th e r

d e s ira b le  p ro p e ıt ie s
, 

a  ıin e  c o d e  s h o u ld h a v e  th e  fo ııo w in g

p ro p e rtie s

1
.  

T ra n s m is s io n  b a n d w id th : It s h o u ld b e  a s  s m a ıı a s

p o s s ibıe
.

2
.  
P o w e r e ffic ie n c y F o r a  g iv e n  b a n d w id th a n d a  s p e c ifie d

d e te c tio n  e rro r p ro b a b ility , 
th e  tra n s m itte d p o w e r s h o u ld b e

a s  s m a lı a s  p o s s ib le
.

12
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Lin e  C o d ın g

3 E rro r d e te c tio n  a n d c o rre c tio n  c a p a b ility : It s h o u ld  be

p o s s ibıe  to  d e te c t
, 

a n d p re fe ra b ly c o rre c t
, 
d e te c tio n  e rro rs In  a  b ipo la r

c a s e
, 
fo r e x a m p le , 

a  s in gıe  e rro r w ill c a u s e  b lp o ıa r v io la tio n  a n d c a n

e a s iıy b e  d e te c te d

4 F a v o ra bıe  p o w e r s p e c tra l d e n s ity lt ls  d e s ira b le  to  h a v e  z e ro

P S D  a t (A ) - O  (d c ), 
b e c a u s e  a c  c o u p lin g a n d tra n s fo rm e rs  a re  u s e d  a t

th e  re p e a te rs T h e  a c  c o u p lin g is  re q u ire d b e c a u s e  th e  d c  p a th s

p ro v id e d by th e  c a bıe  p a irs  b e tw e e n  th e  re p e a te r s ite s  a re  u s e d to

tra n s m it th e  p o w e r re q u ire d to  o p e ra te  th e  re p e a te rs

ı3
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Lin e  C o d in g

5 A d e q u a te  tim in g c o n te n t : ıt s h o u ld b e  p o s s ib le  to  e x tra c t

tim in g o r c lo c k in fo rm a tio n  fro m  th e  s ig n a l

6 T ra n s p a re n c y  : It s h o u ıd b e  p o s s ibıe  to  tra n s m it a  d ig ita l

s ig n a ı c o rre c tly re g a rd ıe s s  o f th e  p a tte rn  o f 1
'

s  a n d  0 '

s A  ıo n g

s trin g o f 0  
ı 
s  c o u ıd c a u s e  e rro rs  in  tim in g  e x tra c tio n  in  o n o ff a n d

b ip o la r c a s e s ıf th e  d a ta  a re  s o  c o d e d th a t fo r e v e ry p o s s ib le

s e q u e n c e  o f d a ta  th e  c o d e d s ig n a l is  re c e iv e d  fa ithfu ııy , 
th e  c o d e

is  tra n s p a re n t

ı4
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U n e  C o d in g

P S D  o f V a r io u s  L in e  C o d e s

P ro c e d u re  to  fin d a  g e n e ra ı e x p re s s io n  fo r P S D  o f a  la rg e  c ıa s s  o f

lin e  c o d e s  a re  a s  fo ııo w s

C o n s id e r th e  p u ıs e  tra in  in  F ig 7 3 b c o n s tru c te d fro m  a  b a s ic  p u ıs e

Pr/Fig 7 3 a ) re p e a tin g a t in te rv a ls  o f Tb  w
ith re ıa tiv e  s tre n g th  a k

fo r th e  p u ls e  s ta rtin g a t I =  k In  o th e r w o rd s
, 
th e  Á+- p u ls e  in  th is

P u ls e  tra in  y (t) is  a 4 P {  T h e  v a ıu e s  a k  a re  a rb itra ry a n d  ra n d o m T h is

is  a  P A M  s ig n a ı T h e  o n o ff
, p o ıa r

, 
a n d b ip o la r lin e  c o d e s  a re  a ıı

s p e c ia ı c a s e  o f th is  p u ıs e  tra in  y (t), 
w h e re  a k  

ta k e s  o n  v a lu e s  0
, 
1

, 
o r

1 ra n d o m ly s u bje c t to  s o m e  c o n s tra in ts W e  th e re fo re
, 

a n a ıy z e

m a n y ıin e  c o d e s  fro m  th e  k n o w le d g e  o f th e  P S D  o f Jrj

ı 5
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Lin e  C o d in g

(b )

(d)

fip ıre  7 3  A  ra n do m  p m  ıig n a l ın d its w aıio n  fro m  a  PM \ i m p u  se q u e n c e

ı6
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LIn e  C o d in g

T 1ıe  in p u t x  (1) ıo  th e  flıtc r  w ith im p u ls e  re sp o n s e  h (1) =  p  (I) re s u ltı in  th e  o u tp u t y  (I), 
a s

sh o w n  in  F ig .  
7 3d U p  (ı) P  (a )), 

tlıe  tr a n sfe r  fu n a io n  o f th e  M te r is  H  (a )) =  P  (u ),  
a n d

a c c o n din g 1o  E q (3 90 ).

R
.  (r ) =  E  R *  

8 (r n T» )

晶如 0 0

T he  P S D  (a i) is  th e  F o u rie r  tra n sfo rm  o l R .  (r » T h e re fo re
,

(1 7 )

e e

S
, (国 ) 一 六E  R n ぎ

加'"'。

周国 く心

(7 8)

R e o o g n iz is g  th e  fa c t th a t R =  
=  R

.  【b e c a u se  R  (r ) is  a n  e v e n  fu n c tio n  o f r j, 
w e  h a v e

S
r  (co ) =  R o +  2 R  c o s  n cu Tb  (7 9 )
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Lin e  C o d in g

E x a m p le  : P o la r L in e  C o d in g

ln  p o la r  s ig n a lin g ,  
ı is  tr a iıs m itne d b y a  pu ıs e  p  (t) a r d  0  is tra n s n ıitte d b y p {t ì Ð &  is  c

a t is  e q u a lıy ıik e ly to  b e  1 o r 1
,  
a n d  a î is a lw a y s  I H

園
= ıim ニム 吗

》

1 百·

一
2

N + æ  N
t

T he re  a r e  N  p u ls e s  a n d  a Ê = l fo r e a c sh o m  T b e  sıłm m a ıio ıt o n  tb e  r i g h t  s id e  o f * B

e q u a tio n  is  N H e n c e
,

M o r e o v e r b o th  a jt a n d  tlt ţ  I a re  e ith e r 1 o r \ H e n c e
,  a t +  ł is  e it】x e r  1 o r 1 B « ) C S e  á e

p u ls e  aıJn itu d e  a *  is  e q u a lly lik e ıy to  b e  I a n d 1 o n  th e  a  o u ı o f N  te r m s  tb e

a ła * + ] is  e q u a l to  1 fo r N /2 te r m s  a n d  is q u a l ıo \ fo r  e  r e n n a iï ıin g  N R

R l =  J  [ 2

N
(1)十 ( I) = O 口 tl钿

1
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Lin e  C o d i n g

P o ıa r L in e  C o d in g

F ig u re  7 S sh o w s th e  sp e c tru m  S
y ((o ) F ro m  this s p c c M im

, 
th e  e ss e n tia l b a n d w id th o f th e

sig n a l is s e e n  to  b e  2 R b H z  (w he re  R b is th e  c lo c k freq u m c y) T h is is  fo w  tim e s th c  th e o re tic a l
b a n d w id th  o dyq u ist b a n d w id th) requ ire d  to  tra n sm it R b p u ls e s p e r se c o n d Incing th e

p u ls e  w id th  re d u c e s  lh c  b a n d w id th (e x p a n sio n  in  th e  tim e  d o m a in  re s u lts in  c o m p re ss io n  in
the  fr e q u e n c y d o m a in ) F o r a  fu u w idth pu ı$ e  (m a x im u m  p o s sib le  p u ls e  w id th ) th e  e ss e n tia l
b tłn d w id th is  h a lf

,  
th a Į  is R b  H z T h is is s till tw ic e  th e  th e o re tic a l b a n d w id th 1 U S

, po la r

sig n a lin g is  n o t b a n d w id th e tħc ie n L

S e c o n d
,  p o la r  s ig n a lin g h a s  n o  c ıT o r d e te c tio n  o r e r r o r c o rT e c tio n  c a p a bili ty A  ıhird

d is a d v a n ta g e  o f p o la r s ig n alin g is th a t it h a s  n o n m ro  P S D  a l d c  (a ) =  O ) T his  w ill ru le  o u t

th e  u s c  o f a c  c o u pıin g d u rin g tr a n s m is sio n T h c  a c  c o u p lin g ,  
w hic h p e rm its  tra n s fo r m e n  a n d

b lo c k in g  c a p a c ito r s  to  a id  in  im p c d a n c c  m a tc hin g  iın d b ia s  re m o v a l
,  a n d w hic h a llo w s dc

p o w c ń n g o f th e  lin e  re p c a tc rs  o v e r [ı»  c a ble  P ,  
is v e ry im p o n a n tj n  p ra c tic e L a te n  w e

sh a ll sh o w  h o w  a  P S D  o f a  ıiııe  c o d e  m a y b e  fo rc e d to  z e ro  a t d c  by  p ro l»e rly  s h a p in g p  (ı)
O n  th e  p o siū v e  s id e

.  p o la r s ig n a lin g  is the  m o st e frie ie n t s c he m e  fro m  th e  p o w e r

re q u iï e n ne n t v ie w p o in t F o r a  Biv e n  po w e r
, 
it c a n  b e  sh o w n  th a t th e  d e te c tio n e m »r p r o b a bility

fo r a  po  \ a r  sc h e m e  is  th e  sm a) le s t p o s s ible  (se c  Se c 7 6 ) P o ıa r  sig n a lin g is  a ls o  tr a n sp a re n t

b e c a ııse  th Jełe  is a lw a y s  s o m e  p u lse  (p o s itiv e  o r n e ga tiv e ) re g a rd le s s  o f th e  b it s e q u e n c e T he re

is  n o  d is c r e te  c lo c k  fre q u e n c y c o m po n e n t in  th c  spc c m ım  o f th e  p o la r  sig n a l R e c tific a tio n  o f

th e  p o la r  sig n aı
,  
h o w c v lw

.  Y ic ıd s  a  p e rio d ic  sig n a l o f ıh c  c lo c k fre q u e n c y a n d c a n  re a d ily be

u s e d  to  e x tr a c t tim in g
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Lin e  C o d ln ß

H ig h  D e n s ity  B ip o ıa r

尋

の

T o  s o lv e  th e  n o n  tra n s p a re n c y p ro b le m  o f th e  b ip o la r lin e  a n y

s e q u e n c e  o f / 7 +  7 s u c c e s s iv e
" 0 " is  re p la c e d b y  a  s p e c ia l c o d e

H B D 3  is  a d o p te d  a s  in te rn a tio n a l s ta n d a rd A n y  s e q u e n c e
" 0 0 0 0

"

is  re p la c e d  b y
" 0 0 0 V "

o r
" B 0 0 V

 B  is reg u l ar "
1 "

�

 V  is a °
 1"

t

ha t  vi ol at es  the  bi po l ar  rul e�

T h e  c h o ic e  o f
" 0 0 0  o r

" B 0 0 V  is  m a d e  s u c H th a t c o n s e c u tiv e

" V  p u ıs e s  a lte rn a te  s ig n s  to  a v o id d c  w a n d e r a n d m a in ta in  d c

n u lı P S D H o w ?

" B 0 0 V " is  u s e d w h e n  th e  n u m b e r o f
" 1 "

a fte r th e  la s t s p e c ia l

s e q u e n c e  is  e v e n O th e rw is e  th e  s e q u e n c e
" 0 0 0 V

"

is  u s e d

3 3
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Lin e  C o d in g

B in a ry  w ith  8  z e r o  S u b s titu tio n  (B 8 Z S  )

A n y s e q u e n c e  o f 8 z e ro s  is  re pıa c e d by
" 0 o 0V B O V B "

.  
T his  c o d e  is

u n lik e ıy to  h a p p e n  w h ic h m a ke  its  d e te c tio n  a t th e  re c e iv e r e a s y
T h is  s ig n a ıin g is  u s e d w ith th e  D S 1 s ig n a ı

B in a ry  w ith  6  z e ro  S u b s titu tio n  (B ó Z S )

A n y s e q u e n c e  o f 6  z e ro s  is  re pıa c e d by
"

O V B O V B "

,  
T h is  c o d e  is

u n ıike ıy to  h a p p e n  w h ic h m a ke  its  d e te c tio n  a t th e  re c e iv e r e a s y

T h is  s ig n a ıin g is  u s e d  w ith th e  D S 2 s ig n a l
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P u ls e  S h a p in g

T h e  P S D  S Á u l is  s tro n g ly a n d d ire c tıy in fıu e n c e d by
th e  p u ıs e  s h a p e  p tT b e c a u s e  W c o n ta in s  th e  te rm

ıR ŕ : u 42 T h u s
, 

c o m p a re d to  th e  n a tu re  o f th e  ıin e

c o d e
, 
th e  p u ıs e  s h a p e  is  a  m u c h

te rm s  o f s h a p in g th e  P S D  ą M

2

m o re  p o te n t fa c to r in
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P u ls e  S h a p in ß

P ro b le m

 W e  n e e d  to tran s m i t a p u l se  ev e r y Tb  int er va ı,
 t
he  k0�

p u ls e  b e in g  a k  p (t kT b ) T h e  c h a n n e ı h a s  a  fin ite

b a n d w id th
, 

a n d  w e  a re  re q u ire d to  d e te c t th e  p u ls e

a m pıitu d e  a k c o rre c tly (th a t is
, 
w ith o u t IS I)

ın  o u r d is c u s s io n  s o  fa r
, 

w e  a re  c o n s id e rin g tim e -

lim ite d p u ls e s S in c e  s u c h p u ls e s  c a n n o t b e  b a n d

lim ite d
, p a rt o f th e ir s p e c tra  is  s u p p re s s e d b y a  b a n d

lim ite d c h a n n e l T h is  c a u s e s  p u ıs e  d is to rtio n

(s p re a d ın g o u t) a n d
, 

c o n s e q u e n tly , 
In te rs y m b o ı

In te rfe re n c e  (ıS ı)
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p u ıs e  s in a pın g

N y q u is t C rite rio n  fo r Z e ro  ıs ı

In  th e  firs t m e th o d
, 
N yq u is t a c hie v e s  z e ro  ıs l b y c h o o s in g a  p u ıs e

s h a p e  th a t h a s  a  n o n z e ro  a m pıitu d e  a t its  c e n te r (s a y t  ·  O ) a n d
z e ro  a m pıitu d e s  a t t =  n T b (n   ·  1

, 
2

, 
3

, ), 
T b is  th e  s e p a ra tio n

b e tw e e n  s u c c e s s iv e  tra n s m itte d p u ıs e s  (F ig 7 10 a ),

5
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P u ls e  S h a p in g

P ro bıe m

T h is  s c h e m e  s h o w s  th a t w e  c a n  a tta in  th e  th e o re tic a ı ıim it
o f p e rfo rm a n c e  by u s in g a  5 /7G  p u ls e U n fo rtu n a te ly , 

th is

p u ıs e  is  im p ra c tic a l b e c a u s e  it is  n o n  c a u s a l

W e  w ill h a v e  to  w a it a n  in fin ite  tim e  to  g e n e ra te  it A n y
a tte m pt to  tru n c a te  it w o u ld in c re a s e  its  b a n d w id th b e yo n d

R b/2 H z A ls o  it h a s  th e  u n d e s ira bıe  fe a tu re  th a t it d e c a ys

to o  s lo w ıy a t a  ra te  o f ut
.  
T h is  c a u s e s  s o m e  s e ń o u s

p ra c tic a l p ro b le m s
, 

s p e c ia lly w h e n  a n y d e v ia tio n  fro m  R b

ra te  o c c u rs  a t th e  tra n s m itte r o r th e  re c e iv e r s id e s

8
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P u ls e  S h a p in g

s o ıu tio n

T h e  s o lu tio n  is  to  fin d  a  p u ls e  p t) th a t s a tis fie s  E q
(7 2 2 ) b u t d e c a y s  fa s te r th a n  1 / t

.  
N y q u is t s h o w n  th a t

s u c H  a  p u ıs e  h a v e  e x c e s s  b a n d w id th
,  
i

.  
e

.  
Th e  b a n d w id th

o f P  (m ) is  (u b /2 ) +  u x
, 

w h e re  w x
, 
is  th e  b a n d w id th in

e x c e s s  o f th e  th e o re tic a ı m in im u m  b a n d w id th
.  
L e t r b e

th e  th e o re tic a l

e x c e s s  b a n d w id th  2a .

th e o re tic a l m in im u m  b a n d w idth  a ) b /2  a }b

9

th e  ra tio  o f th e  e x c e s s  b a n d w id th tı»x
, 
to

m in im u m  b a n d w id th w b /2
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p u ıs e  S h a pın g

Figu r e  7 .  12 V e stig ia l sp e c tr u m .

10
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P u ls e  S h a p in g

 O n e  f am i ly o f  s p e c t ra t ha t  s a t isf ies  t he  N y q u i st �

c rite rio n  is

F ig u re  7 1 3 a  s h o w s  th re e  c u rv e s
, 
c o lT e s p o n d in g  to  w x  =  O  (r

=  O ), 
w x  =  (A ) b /4  (r =  0 5), 

u u x  =  (A ) b /2  (r =  1) T h e  re s p e c tiv e

im p u ls e  re s p o n s e s  a re  s h o w n  in  F ig 7 1 3 b ıt c a n  b e  s e e n

th a t in c re a s in g w x
, (o r r) im p ro v e s  p  (t), 

th a t is
, 

m o re  g ra d u a l

c u to ff re d u c e s  th e  o s c illa tio n  n a tu re  o f p  (t) a n d  c a u s e s  it to

d e c a y m o re  ra p id ly

l
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P u ls e  S h a p in g

气
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«a ) (b )
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P u ls e  S h a p i n g

F o r th e  c a s e  o f th e  m a x im u m  v a ıu e  o f w x  =  (ı) b/2  (r =  ı), 
E q (7 3 3 )

re d u c e s  to

P  (a )) =  1 +  c o s  ) re e t (7 .  
34a)

c o s
2 ( ).  c t ( ) (7 .

T hıs  c h a ra c te ris tic  is  k n o w n  in  th e  lite ra tu re  a s  th e

/ a /çe d - c o s t7� c h a ra c te ris tic
, 

b e c a u s e  it re p re s e n ts  a

c o s in e  ra is e d  b y its  p e a k a m pıitu d e
.  
ıt is  a ıs o  k n o w n  a s

 rol l o« .
�

ı3
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S ig n a lin g  w ith C o n tro lle d  IS I : P a rtia ı R e s p o n s e  S ig n a ıs

 T h e  N y q u i st  c r iter ion  p u ıse  r es u l ts i n a  b a n d w i dt h�

s o m e w h a t la rg e r th a n  th e  th e o re tic a ı m in im u m If w e  w is h

to  re d u c e  th e  p u ıs e  b a n d w id th  fu rth e r
, 

w e  m u s t s o m e h o w

w id e n  p u ls e  p  (t)

 C o n s i de r  the  foılow i ng  pu ıse �

ダしバ ıb / 一

0

n = o
,

�
fo r  a ll o th e r /ı 

(7 36)

ı S
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S ig n a ıin g w ith  C o n tro lle d  ıs l : P a rtia l R e s p o n s e  S ig n a ıs

Figı= ¢ 歹 14  C t i o n  u sin g 0 b in a ty p u ıse s
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S ig n a ıin g w ith C o n tro ııe d ıs ı : P a rtia ı R e s p o n s e  S ig n a ıs

W e  u s e  p o ıa r s ig n a ıin g u s in g th is  p u ıs e T h u s
, 

1 is
tra n s m itte d  b y p  (t) a n d  0  is  tra n s m itte d u s in g th e  p u ls e

p  (t) T h e  re c e iv e d  s ig n a ı is  s a m pıe d  a t t =  n  T b
, 

a n d  th e

p u ıs e  p  (t) h a s  v a ıu e  a t a ıı n  e x c e pt n  =  O  a n d  1
, 
w h e re  its

v a lu e  is  1

C ıe a rly , 
s u c H  a  p u ıs e  c a u s e s  z e ro  ıs ı w ith  a ll th e  p u ls e s

e x c e p t th e  s u c c e e d in g  p u ıs e T h e re fo re
, 

w e  n e e d  w o rry
a b o u t th e  ıs l w ith  th e  s u c c e e d in g  p u ls e  o n ıy

7
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S ig n a lin g w ith C o n tro ııe d IS ı : P a rtia l R e s p o n s e  S ig n a ıs

 C o n s i de r  two  su c H  su c c e s s i ve  pu l se s  loc a t ed  at  O an d  Tb �

re s p e c tiv e ly .  
If b o th p u ıs e s

o f th e  re s u ıtin g s ig n a ı a t

p u ls e s  w e re  n e g a tiv e
, 
th e  s a m p le  v a lu e  w o u ld b e 2 B u t if

th e  p u ls e s  w e re  o f o p p o s ite  p o la rity , 
th e  s a m p le  v a ıu e

w o u ıd  b e  0 T h is  c le a rıy a ılo w s  u s  to  c o rre c t d e c is io n s  a t

th e  s a m p ıin g in s ta n ts

T h e  d e c is io n  ru le  is  a s  fo ılo w s ıf th e  s a m p le  v a ıu e  is

p o s itiv e
, 
th e  p re s e n t b it is  1 a n d th e  p re v io u s  b it is  a ls o  1

If th e  s a m pıe  v a lu e  is  n e g a tiv e
, 
th e  p re s e n t b it is  O a n d th e

p re v io u s  b it is  a ls o  0 If th e  s a m p le  v a ıu e  is  z e ro
, 
th e

o f th e  p re v io u s  b it T h e

b it th e n  a llo w s  th e

18

w e re  p o s itiv e
, 
th e  s a m p le  v a lu e

= T b w o u ld b e  2 If th e  b o th

p re s e n t b it is  th e  c o m ple m e n t

k n o w ıe d g e  o f th e  p re v io u s

d e te rm in a tio n  o f th e  p re s e n t b it
.
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S ig n a lin g w ith C o n tro lle d  IS ı : P a rtia l R e s p o n s e  S ig n a ls

T ra n s m itte d  i e c u c n c e  1 ı 0 1 1 0 0 0  1 0 ı 1

S a m p ıe s o f Jr (I ) 1 2 r) (} · 0 2 2 0  0  0  1  2

D e te c te d s e o w n c e  1 1 0 1 1 0 0  0  1 0 1 1

Fiw  7 1 5  1ła n s m iū e d  b its a n d h e  re c e iv e d s a m p ıe s  in  c o n tm lle d ISı s ig n a lin s 

E x a m p k  o ¢a  D ııo b in a r y  P u ls e

H w e  n es tric t th e  p tı}s e b a n d  w id th to  R b /2 .  
The n  fo llo w in g th e  p ro c e d u r e  o l E x a m p le 6 1

, 
w e  c a n

sb o w  (ıe e  P * o b 7 1 9 ) o n ly th e  fo lıo w in g  p u Is e  p  (ı) m e a s  th e  re q u ir e n x x ıt in  E q (7 36 )

fo t  thc  dııo b in a ry  p u ls e
,

s in  (7r  R b l )
p !t) =  (7 3 7 )

7r R b t (ı R b t)

M e # b lw ie r  tm ıfo r m  P  (a )) o f O e  p u ls e  p  (I) iı g iv tn  by (ıe e  P to b 7 3 8)

ı9



Scanned by CamScanner

P u ls e  S h a p in g

S ig n a lin g  w ith C o n tro ııe d ıs ı : P a ıtia ı R e s p o n s e  S ig n a ĺs

：啸 e

(a )
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p ro  ◆e m

W n e n  w e  re c e iv e  a  s ig n a ı O V  +  th e  v a ıu e  o f th e

c o rre s p o n d in g  b it d e p e n d s  o n  th e  p re v io u s  b it If w e  m a k e

e rro r in  th e  p re v io u s  b it w e  w iıı h a v e  e rro r in  th e  c u rre n t b it +

e ıT o r p ro p a g a tio n

s o ıu tio n

U s e  o f th e  d iffe re n tia l c o d in g w ith th e  d u o b in a ry p u ls e

U s e  o f D i« e r e n tia ı C o d in g

1 +  s a m e  p u ls e  a s  p re v io u s  b it

0  +  o p p o s ite  p u ıs e  c o m p a re d to  p re v io u s  b it

區■■■目前 h in
'

h
u u u  u  u u u E
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R e c e ıv e d  1 0 - 2 - 2  0  2  0 0  2  0  0  0 - 2 - 2
A jf y

D e te c te d  1 0  1 1 0 1 0  0  1 0  0  0  1 1

s e q u e n c e

A d v a n ta g e s

1
.  

ın d e p e n d e n t d e c is io n  m a k in g  fo r e a c h  b it +  n o  e r r o r

p r o p a g a tio n

2
.  

S im p lifie d  d e c is io n  m a k in g  c ir c u it

(2 V ,
- 2 V ) +  1 lo g ic  ; O V  +  0  ıo g ic

2 3
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M - a ry C o m m u n ic a tio n

A  4 - a ry s y m b o ı re p re s e n ts  2  b its
A  16 - a ry s y m b o ı re p re s e n ts  4  b its
A n  M  T a ry  s ym b o l re p re s e n ts  IM  

b its

M  =  2  A  (laı) a n d l»  
°  to g a (M ) b ln a ry d łg lta  o r  b its

P ıııs e  S h a p ın g  In  th e  M u ltıa m p lltu d e  C a s e

1
.  

P u ls e s  ıa tis fy in g z e ro  ıs ı

2
,  

P u ı$ e s  e a tls fy in g  c o n tro lıe d ıs ı

惫 O r曾ıe目o n d  p u ł帕 吕
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D ig ita  I C a  r rie r Sy s te m s

S o  fa r w e  h a v e  d is c u s s e d b a s e b a n d c o m m u n ic a tio n

N o  s h ift (tra n s la tio n ) o f th e  m e s s a g e  s ig n a ı s p e c tru m

T h is  is  g o o d fo r tw o w ire
, 

c o a x ia l o r o p tic a l fib e r

c o m m u n ic a tio n B u t n o t g o o d fo r w ire ıe s s  tra n s m is s io n

 A s  s e e n  i n c h a p t er  3 ,
 f

req u e n c y  s h i fting  u s i ng  c a r rier �

m o d u ıa tio n  a llo w s

1 w ire le s s  tra n s m is s io n

2
.  
F re g u e n c y  d ivis io n  m u ltip le x in g  (r D M )

S im ila r a s  in  th e  a n a lo g c o m m u n ic a tio n

th re e  m a in  m o d u la tio n  te c h n iq u e s

1 A m p litu d e  s h ift k e y - g  (A S K ), e g u iv a le JT t

2 P h a s e  s h ift k e y _ g  (P S K ), e q u iv a le n t to  P M

3 F re g u e n c y  s h iH  k e yin g  (F S K ), e q u iw le n t to  F M

2 8

w e  d is tin g u is h

to  A M
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D ig ita l C a r rie r Sy s te m s

2  &  3 P h a s e  s h ilt k e y ŕn g  (P S K ) a n d  fre g u e n c y  s h ift k e yin g

(F S K )

{ ?/ A x 7 i M  s rcM

(a )

nnn Anm nnnnnn nnnnnnnnnm M
ŲVVŲUVVVV www l  

iv  p s kp s k m o o ) 12 ńevm o o ) 12 ńev

s rg n a l m ( { Øl }
(b )

«c )
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D ig ita l C a rrie r Sy s te m s

S p e c tra  o FA S K
,  
P S K  a n d  F S K s ıg n a ls

A

P 5 6

0 0 /
.

f S K
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A S K  s ig n a ls  c a n  b e  d e m o d u la te d  c o h e re n tly

fs y n c h ro n o u s  d e te c tio n ) o r  n o n  c o h e re n tly  fe n ve lo p

cfe te c to rì

2   P S K  s ig n a ls  c a n n o t b e  cfe m o d u la te d  u s in g  e n  ve lo p

d e fe c to r s  s in c e  1 a n d  0  h a v e  th e  s a m e  e iT v e /o p .  
+  o n ly

c o h e re n tty  fs yn c h r o n o u s  d e te c tio n ) h  p o s s ib le

3
.  

F S K  s ig n a ls  c a n  b e  d e m o d u la te d  c o h e re n uy  o r  n o n

c o h e re n tly  b u t u s in g  tw o  fre q u e n c ie s
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