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ABSTRACT 

I n  t h i s   p a p e r  w e  p r e s e n t   a n   a l g o r i t h m  

f o r   b a n d - l i m i t e d   s i g n a l   i n t e r p o l a t i o n  
assuming  the  samples   to   be known a t  some 
r a n d o m l y   d i s t r i b u t e d   i n s t a n t s .  The 
a lgo r i thm is  a mod i f i ca t ion  of t h e  
Papoul i s -Gerchberg   a lgor i thm.  The key 
i d e a   i n   o u r   a l g o r i t h m  i s  t o  u s e  some 
n o n z e r o   v a l u e s   a t   t h e   m i s s i n g   p o i n t s .  The 
v a l u e s   a r e   o b t a i n e d   u s i n g   a n   i n t e r p o l a t i o n  
scheme  based  on r e l a x a t i o n  method f o r  
c o n s t r a i n t   p r o p a g a t i o n ,  The a lgo r i thm 
is  i l l u s t r a t e d   w i t h   s e v e r a l   e x a m p l e s .  

IN’IRCXXJCTION 

In this paper we consider  the problem of 
in t e rp l a t ion  of a  banii-ljmited signal frcm a s e t  

of . va lues  known o n l y   a t  a few  samplirlg 
i n s t a n t s  i n  a g i v e n   i n t e r v a l .  We propose 
a n   i t e r a t i v e   a l g o r i t h m   t o   d e t e r m i n e   t h e  
missing  samples .  The main  fea.ture of t h e  
a lgo r i thm is  t h a t  i t  u s e s  a p re l imina ry  
i n t e r p o l a t i o n   i n s t e a d  of s e t t i n g   t h e  
m i s s i n g   s a m p l e s   t o   z e r o .   T h i s   f e a t u r e  
improves   s ign i f i can t ly   t he   conve rgence  of 
t h e   i t e r a t i v e   s o l u t i o n .  We a l s o  show t h a t  
i n  many c a s e s , i t  i s  not   necessary   to   assume 
t h e   l o c a t i o n  of t he   f r equency  band  a 
p r i o r i ,   b u t  it can  be  der ived  f rom  the 
g i v e n   d a t a   i t s e l f .  

the m i s s i n g   s a m p l e s   f r o m   p a r t i a l   d a t a  
a r i s e s   i n   s e v e r a l   p r a c t i c a l   s i t u a t i o n s .  
A good i n t e r p o l a t i o n  scheme  should  take 
i n t o   a c c o u n t   n o t   o n l y   t h e   g i v e n   d a t a   b u t  
a l s o   o t h e r   a v a i l a b l e   i n f o r m a t i o n   s u c h   a s  
t h e   s p e c t r a l   c o n t e n t .  An i t e r a t i v e  
technique  was d e v e l o p e d   r e c e n t l y   f o r  
r ecove ry  of missing  samples  from  an  over- 
sampled   band- l imi ted   s igna l  Li),[a . This  
technique  was based  on  Papodis-Gerchberg 
a l g o r i t h ,  which was o r i g i n a l l y   p r o p o s e d  
f o r   t h e   e x t r a p o l a t i o n  of  a band-l imited 
s f g n a l  C3] , I n  t h i s  t echn ique   t he   mi s s ing  
samples  of t h e  t i m e  s e r i e s   a r e   i n i t i a l l y  
set  to   ze ro   and   t he   s igna l   bandwid th  i s  
assumed  a p r i o r i .   D u r i n g   e v e r y   i t e r a t i o n  
the   Four ie r   Transform (FT) o u t s i d e   t h e  
given  bandwidth i s  set  t o   z e r o  and t h e  
i’nverse t ransform is performed. I n  t h e  
time  domain  the  samples a t   t h e  known 

The  problem of e s t i m a t i n g   t h e   v a l u e s  of 

l o c a t i o n s   a r e   r e p l q c e d  by t h e   o r i g i n a l  
d a t a .  

I n  t h i s   g a p e r  we show t h a t  a f a s t e r  
c o n v e r g e n c e   t o   t h e   s o l u t i o n   c a n   b e   o b t a i n e d  
i f  some i n i t i a l   i n t e r p o : l a t i o n  i s  done   fo r  
t he   mi s s ing   s amples ,   i n s t ead  of s e t t i n g  
them t o   z e r o .   R i p p l e   e f f e c t s ,   d o e   t o  
f e c t a n g h l a r  window i n  the  f requency  domain,  
can  be  reduced  using a window wi th  a 
smoo the r   ro l l -   o f f  . Moreover ,   t he   l oca t ion  
of t he   f r equency  band  need  not  always  be 
assumed a p r i o r i ,  I t  can  be  estimated 
from t h e   a v a i l a b l e   d a t a   i t s e l f  i n  many 
c a s e s .  

BAND-LIMITED SIGNAL INTERPOLATION PROBLEM 

W e  i l l u s t r a t e   t h e   b a n d - l i m i t e d   s i g n a l  
in te rpola t ion   problem  through  an   example .  
F ig . l a  shows  a s y n t h e t i c   s i g n a l   c o n s i s t i n g  
of 256 samples of da ta   and   F ig .  2a shows 
10% of the   s amples   a t   r andomly   s e l ec t ed  
i n s t a n t s .  The o b j e c t i v e  i s  t o   d e t e r m i n e  
t h e   c o m p l e t e   s a m p l e   s e t  of F i g . l a   f r o m   t h e  
incomple te   da ta  shown i n   F i g .  2a u s i n g   t h e  
i n f o r m a t i o n   t h a t   t h e   s i g n a l  is band- l imi ted .  
I n  t h e  f requency   domain   the   des i red  
s p e c t r a l   t r a n s f o r m a t i o n  i s  from  Fig.2b t o  
F i g . l b .  

by apply ing  t h e  Papoulis-Gerchberg 
i t e r a t i v e   a l g o r i t h m  which  involves t h e  
f o l l o w i n g   s t e p s :  
1. I n i t i a l l y  set the   mi s s ing   s amples   t o  

2 .  Compute the   D i sc re t e   Four i e r   T rans fo rm 

3. Band-l imit  t h e  Four ie r   t ransform.   That  

P rev ious   me thods   a t t empt   t o   ach ieve   t h i s  

ze ro  i n  t h e   g i v e n   d a t a .  

(DFT) 

is, s e t   t h e   F o u r i e r   T r a n s f o r m   o u t s i d e  
t h e   s p e c i f i e d  band t o   z e r o .  

4 .  Compute t h e   i n v e r s e  DFT and r e p l a c e   t h e  
samples a t   t h e  known i n s t a n t s   w i t h   t h e  
sample   va lues   g iven  i n  t h e   o r i g h n a l  
d a t a  . 

5. Repea t   s t eps  2 through 4 f o r  a s p e c i -  
f i e d  number of i t e r a t i o n s   o r   u n t i l  
some s p e c i f i e d   l e v e l  of r e c o n s t r u c t i o n  
i s  reached .  

A’close  observat ion of t h e  time and 
f requency   domain   opera t ions   in   the   above  
p r o c e d u r e   s u g g e s t s   t h a t   t h e r e  i s  scope 
t o  improve t h e  r a t e  of convergence  with 
i t e r a t i o n s   o r   e q u i v a l e n t l y ,   t o   o b t a i n  a 
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b e t t e r   r e c o n s t r u c t i o n   w i t h   f e w e r   i t e r a t i o n s .  
To ach ieve   t h i s   improvemen t ,  w e  examine  the 
f o l l o w i n g   i s s u e s   i n   o u r   p r o p o s e d  method. 
1. U s e  i n i t i a l l y  some i n t e r p o l a t e d   v a l u e s  

2 .  D e r i v e   t h e   l o c a t i o n   a n d   w i d t h   i n f o r -  
fo r  tne  missirg samples. 

mation of the   f requency   band   f rom  the  
g i v e n   p a r t i a l   d a t a   a n d   f r o m   t h e   d a t a  
o b t a i n e d   a f t e r   e a c h   i t e r a t i o n .  

3 F o r   b a n d - l i m i t i r i g   i n   t h e   f r e q u e n c y  
domain,  use a window w i t h  a smooth 
r o l l - o f f   i n s t e a d  of a r e c t a n g u l a r  
window. 

I n   t h e   f o l l o w i n g   s e c t i o n s  w e  d i s c u s s  
i n   d e t a i l   t h e   p r o p o s e d   m o d i f i c a t i o n s   t o  
t h e   i t e r a t i v e   i n t e r p o l a t i o n   a l g o r i t h m .  

PROPOSED METHOD FOR BAND-LIMITED 
SIGNAL INTERPOLATION 

I n   t h e   b a n d - l i m i t e d   i n t e r p o l a t i o n  
p rob lem.   t he   gene ra l   t endency   appea r s  
t o   b e   t o  se t  a l l   t h e   m i s s i n g   s a m p l e s   t o  
ze ro .  I t  i s  o b v i o u s   t h a t   z e r o   n e e d   n o t  
be t h e   b e s t   c h o i c e .  The  problem  of 
i n i t i a l   i n t e r p o l a t i o n  i s  t o   a s s i g n  some 
v a l u e s   t o   t h e   m i s s i n g   s a m p l e s   b a s e d   o n  
t h e   g i v e n   d a t a   a n d   o t h e r   a v a i l a b l e   i n f o r -  
ma t ion ,  Any a r b i t r a r y  way of i n t e r -  
p o l a t i n g   a t   t h e  unknown p o i n t s  w i l l  g i v e  
r i se  t o   b i a s e d   e s t i m a t e s .   I d e a l l y ,  w e  
would l i k e   a n   e s t i m a t e   w h i c h  i s  n o t   o n l y  
c o n s i s t e n t   w i t h   a l l   t h e   a v a i l a b l e   i n f o r -  
mat ionj ,   but  i s  also maximally  non- 
c o m m i t t a l .   w i t h   r e s p e c t   t o   t h e  unknown 
da ta .   S imi l a r   i deas   have   been   success -  
f u l l y   u s e d   i n   t h e  Maximum Entropy Method 
(ME?!) f o r  power spec t rum  e s t ima t ion .  
S i n c e  a n e a t   a n a l y t i c   a p p r o a c h   l i k e  MEM 
i s  n o t   o b v i o u s   f o r   t h e   p r e s e n t   p r o b l e m ,  
w e  deve lop   an   empi r i ca l   app roach   t o  
i n i t i a l   i n t e r p o l a t i o n   b a s e d   o n  some 
heur i ' s t i c   a rgumen t s .  We p r o p o s e   t h a t   t h e  
i n t e r p o l a t e d   v a l u e   s h o u l d  be made up  of 
two components,  one  dependent  on  the 
g i v e n   d a t a   a n d   t h e   o t h e r  i s  a n o i s e  
component t h a t  is  added t o   i n c r e a s e   t h e  
u n c e r t a i n t y .  We now g i v e  a method t o  
d e r i v e   e a c h  of these  components .  

de te rmining   the   da ta   dependent   component  
f o r   a l l   t y p e s  of s i g n a l s ,   B u t   i f  w e  
assume t h a t   t h e   s i g n a l  i s  band- l imi ted  
i n   t h e   l a w   f r e q u e n c y   r e g i o n ,   t h e r e   a r e  
many t e c h n i q u e s   a v a i l a b l e   f o r   i n t e r p o l a t i o n .  
We have  examfned some of t h e   s t a n d a r d  
i n t e r p o l a t i o n   t e c h n i q u e s   a n d   a l s o  a 
r e l a x a t i o n   p r o c e d u r e   w h i c h  was  proposed 
a s  a cons tmin t   p ropaga t ion   a lgo r i thm&I .  
We f o u n d   t h a t   t h e   r e l a x a t i o n   p r o c e d u r e  
per forms w e l l  compared t o   t h e   s t a n d a r d  
i n t e r p o l a t f o n   t e c h n i ' q u e s .   T h i s   p r o c e d u r e  
i s  descr i 'bed   tb rough  the   equat ion  
x .  (n)==C..x,  (n) +-> x ,   ( n - 1 )  +x .. ( n + l j j  (1) 

where 
x i ( n ) ~ = I n t e r p o l a t e d   v a l u e   a t   t h e  end  of t h e  

A t  p r e s e n t  w e  have   no   convenient  way of 

1 1 1-1 ' I " .  [ 1 1-1 

i t h i t e r a t i o n  

32.1 1 

C , = i / N  ( C o n f i d e n c e   f a c t o r )  

N = Number o f   i t e r a t i o n s  

t h e   a b o v e   r e l a x a t i o n   p r o c e d u r e   f o r  2 0  
i t e r a t i o n s  i s  shown i n   F i g . 3 a .  The 
cor responding  .spectrum i s  shown in   F ig .3b .  
Comparing t h i s   w i t h   t h e   s p e c t r u m  of t h e  
g i v e n   d a t a   ( F i g . Z b ) ,  w e  n o t i c e   t h a t   t h e  
s i g n a l   p e a k s   s t a n d   o u t  much b e t t e r   i n  
F i g . 3 b   t h a n   i n   F i g . 2 b .  A t  t h e  same time, 
t h e r e  i s  a s i g n i f i c a n t   b i a s   t o w a r d s   t h e  l o w  
f r e q u e n c y   r e g i o n   i n   F i g . 3 b .  

U n i f o r m l y   d i s t r i b u t e d  random  numbers are  
w e i g h t e d   a p p r o p r i a t e l y   t o   g e n e r a t e   s a m p l e s  
of  random n o i s e   t o   b e   a d d e d  a t  t h e   m i s s i n g  
p o i n t s .  The we igh t ing  i s  done t o   a c c o u n t  
f o r   t h e   p r o x i m i t y  of t he   mi s s ing   s ample ,  
a t ,  s a y ,   i n s t a n t   n ,   t o   t h e  known samples 
a t ,   s a y ,   i n s t a n t s  n and n3: l y i n g   o n  
e i t h e r   s i d e  of i t .  'The a d   l t l v e   n o i s e  i s  
t h e r e f o r e   g e n e r a t e d   u s i n g   t h e   f o r m u l a  

y ( n )  = 1 , far n l s  YI i n 2  

The i n t e r p o l a t e d   v a l u e s   o b t a i n e d   u s i n g  

4 7 (n2-n)  (n-n (2) 

(n2-n ) 
2 

1 
where 
Y(n)=Noise  value a t   t h e  sample  index n 
7 = A rand@v number u n i f o r m l y   d i s t r i b u t e d  

between  the maximum and minimum of 
t h e  known samples .  

The  two  components,  one  due t o   d a t a   a n d  
t h e   o t h e r   d u e   t o   n o i s e  are  combined t o  
o b t a i n   t h e   i n i t i a l   i n t e r p o l a t i o n   s a m p l e s .  

z ( n ) = c ,   x ( n ) + C 2   y ( n )   ( 3 )  
The v a l u e s   o f   t h e   w e i g h t i n g   c o n s t a n t s  C 
and C 2  have t o  b e   d e t e r m i n e d   e m p i r i c a l l y  1 

o r   e x p e r i m e n t a l l y .  

F ig  .4a shows t h e   r e s u l t  of a d d i t i o n  of 
n o i s e   t o   t h e   r e l a x a t i o n   i n t e r p o l a t e d   v a l u e s  
of F ig .3a .  The spec t rum  of   F ig .   4a ,  shown 
i n   F i g . 4 b ,   c l e a r l y   i l l u s t r a t e s   t h a t   t h e  
e f f e c t  of a d d i t i v e   n o i s e  is t o   r e d u c e  
t h e  l o w   f r e q u e n c y   b i a s ,   r e t a i n i n g   a t   t h e  
same time t h e   a d v a n t a g e  of r e l a x a t i o n  
i n t e r p o l a t i o n ,   n a m e l y ,   t h e   s i g n a l   p e a k  
s t a n d s   o u t ,   u n l i k e   i n   t h e   s p e c t r u m  (shown 
i n   F i g . 2 b )   o f   t h e   g i v e n   d a t a .  

i n g   t h e   r e l a x a t i o n - b a s e d   i n t e r p o l a t i o n  
scheme t o   t h e   h i g h   f r e q u e n c y   s i g n a l s .  
Given  the  knowledge  of   the  band  locat ion,  
t h e   c e n t e r   f r e q u e n c y  f c a n  be found.  Then 
t h e   g i v e n   d a t a  i s  demo8ulated  by  multh- 
p l y i n g   w i t h   c o s  Won. The e f f e c t  of t h i s  
m u l t i p l i c a t i o n  i s  t o   t r a n s l a t e   t h e   s p e c t r u m  
t o  a low  f requency   reg ion .  Now t h e   r e l a x a t i o n  
in t e rpo la t ion   can   be   pe r fo rmed   on   t he  
demodula ted   sequence   to   ob ta in   an   es t imate  
of the   mi s s ing   s amples .  The i n t e r p o l a t e d  
s i g n a l  i s  remodula ted   by   mul t ip ly ing   wi th  
c o s 0 3  n a g a i n   t o   b r i n g   t h e   s i g n a l   b a c k  t o  
t h e   o 9 i g i n a l   s p e c t r a l   r a n g e .  The r e s u l t i n g  
s i g n a l  i s  an i n i t i a l   i n t e r p o l a t e d   s i g n a l  
which  doesnot  have a low  f r equency   b i a s .  

We p r e s e n t  a s imple   t echn ique  of extend-  

2 
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Yegnanarayann a n d  i -athime 

A s t r i k i n g   f e a t u r e  of t he   band- l imi t ed  
s i g n a l   i n t e r p o l a t i o n   p r o b l e m  is  t h a t   e v e n  
w i t h   a s  many a s  90% of the   samples   miss ing ,  
t he   f r equency   spec t rum  o f   t he   i ncomple t e  
d a t a  set  (wi th   miss ing   samples  s e t  t o   z e r o )  
e x h i b i t s   i n   m o s t   c a s e s   t h e   s t r o n g e s t   p e a k  
a round   t he   band   o f   i n t e re s t .   I n   such   ca ses  
it is  p o s s i b l e   t o   l o c a t e   t h e   a p p r o x i m a t e  
r e g i o n  of t he   f r equency   band   o f   t he   s igna l  
t o   s t a r t   w i t h ' a n d   r e f i n e  it with  each 
i t e r a t i o n   a s  more   in format ion   about   the  
missing  samples  is ga thered .   Al though we 
found   t h i s   p rocedure   t o   be   work ing-we l l  
i n   m o s t   c a s e s ,  w e  have  assumed t h a t   t h e  
bandwidth   in format ion  i s  known f o r   a l l   t h e  
i l l u s t r a t i o n s   i n   t h i s   p a p e r .  

o u r   i t e r a t i v e   p r o c e d u r e ,  we a d o p t   t h e  
f o l l o w i n g   e r r o r   c r i t e r i o n .  The t o t a l  
squa red   e r ro r   o f   t he   r econs t ruc t ed   s amples  
f r o m   t h e   o r i g i n a l   s a m p l e s  i s  g iven   by  

( 4 )  

where   x (n   and  X. ( n )   a r e   t h e   r e c o n s t r u c t e d  
a n d   o r i g i n a l   s a m p l e s   r e s p e c t i v e l y .   S i n c e  
w e  a r e   u s i n g   s i m u l a t e d   d a t a   f o r   o u r   s t u d i e s ,  
w e  know t h e   c o m p l e t e   s i g n a l  x o ( n ) ,  from 
w h i c h   t h e   p a r t i a l   d a t a  was g e n e r a t e d .  

I n   o r d e r   t o   e v a l u a t e   t h e   p e r f o r m a n c e  of 

= ( n )  -xo (,I2 

RESULTS AND DISCUSSION 

I n   t h i s   s e c t i o n  w e  i l l u s t r a t e   o u r  
i t e r a t i v e   s i g n a l   i t e r p o l a t i o n  method 
through  s imulated  examples .  We c o n s i d e r  
a band- l imi t ed   s igna l  of t h e   t y p e  

s(n)=a1~in(2~f1nTS+81)+a2~in(2Tf2nTs+62) ( 5 )  

where 
T : - s ampl ing   i n t e rva l  =1/512  seconds, 

al=1.25, 5 = V 3  and a2=1 .50 ,  e2=7V2. 

S i n c e  T s i s  f i x e d ,  by va ry ing   f l   and  f 
we  can  s tudy  both  low  f requency  band h g h  
f r equency   ca ses .  The p a r t i a l   d a t a  was 
gene ra t ed  by m u l t i p l y i n g   t h e   c o m p l e t e   s i g n a l  
s ( n )   w i t h  a random  sequence of ones  and 
z e r o s .   D i f f e r e n t   d i s t r i b u t i o n s  of samples 
can   be   ob ta ined  by v a r y i n g   t h e   p e r c e n t a g e  
of t h e   o r i g n a l   s a m p l e s   a s  well a s   t h e i r  
p l a c e m e n t   i n   t h e   d a t a .  

I n   t h e   i l l u s t r a t i o n s  t o  fo l low,we  s tudy  
m a i n l y   t h e   e f f e c t  of t h e   p r o p o s e d   i n i t i a l  
i n t e r p o l a t i o n  on t h e   r a t e  of convergence 
of t h e   d a t a   t o   t h e   o r i g i n a l   s i g n a l .  The 
bandwidth of t h e   s i g n a l  is assumed t o  be 
known. A r e c t a n g u l a r  window i s  u s e d   i n   t h e  
f r equency   domain   fo r   band- l imi t ing .  The 
f o l l o w i n g   p a r a m e t e r   v a l u e s   a r e   u s e d   i n   o u r  
i l l u s t r a t i o n s .  

S 

v a l u e  of  Clin  eq.   (3) : 1.0  
v a l u e  of c i n   e q . ( 3 ) :   1 . 0  
Window i n  ?.he frequency  domain:fo rt5 
1 0 

f = 10 , f 2 =   1 2 ,  f =11 
The r e s u l t s   a r e   p r e s e n t e d   a s  a p l o t   o f   t h e  

mean s q u a r e d   e r r o r   i n   t h e   r e c o n s t r u c t e d  
s i g n a l   a s  a f u n c t i o n  of t h e  number of 
i t e r a t i o n s .   F i g . 5 a  shows t h e   s i g n a l  re- 
c o n s t r u c t e d   a f t e r   3 0   i t e r a t i o n s   f r o m  a d a t a  

32.1 1 

( F i g   . 2 a )   c o n s i s t i n g   o f  10% of the   samples  
of t h e   o r i g i n a l   s i g n a l   ( . F i . g . l a ) . F i g . 5 b  shows 
the   spec t rum  o f   t he   r econs t ruc t ed   s igna l . .  
F ig .6 ,  shows t h e   v a r i a t i o n  of t h e   t o t a l  
mean s q u a r e d   e r r o r   w i t h   i t e r a t i o n s ,   w i t h  
and w i t h o u t   t h e   i n i t i a l   i n t e r p o l a t i o n   p r o -  
c e d u r e ,  For  a g iven  number of i t e r a t i o n s ,  
t h e   e r r o r  is s i g n i f i c a n t l y   s m a l l e r  wi.th 
i n i t i a l   i n t e r p o l a t i o n   t h a n   w i t h . o u t   . F i g , 7  
shows s i m i l a r   c u r v e s   f o r  a hfgh  frdquency 
s i g n a l  (.i.e., f l i=140,   f2=150) .   Note   tha t  
t h e   i n t i a l   i n t e r p o l a t i o n ,   t h r o u g h  demodu - 
l a t i o n ,   r e l a x a t i o n   p r o c e d u r e   a n d  remodu- 
l a t i o n ,   p r o d u c e s   s i g n i f i c a n t l y  Better 
r e s u l t s  compared t o   t h e   s t a n d a r d  method  of 
assuming  zero   va lues   for   the   miss ing   samples .  

So f a r  w e  have   cons ide red   t he   ca se  of 
o n l y  10% of s a m p l e s   i n  the d a t a .  #The pe r -  
f o r m a n c e   f o r   d i f f e r e n t   p e r c e n t a g e s  of samples 
in the  data is i l lus t ra ted   in  Fig. 8. It shows the 
plot of the  ra t io  of the mean squared error  with 
and without init ial   interpolation  versus  the per- 
centage of sznples in  the  data.  Thecurve shows 
that the performance is best when the  percentage 
of known samples is within a certain range.  This 
range is different  for  different sample distributions, 
but they are a l l   typ ica l ly  i n  the range of 8% t o  
15% of samples. These curves  briryout  the  follmirg 
p i n t s  : 

When the  percentage of known samples is too low 
( 5%)  or too high ( 50%),  the  effect  of i n i t i a l  
interpolation is not  significant. This is because, 
in   the former case,  the known samples are  too few 
for  any in te rp la t ion   schme  to  work properly.  In 
the l a t t e r  case  the known samples are suff ic ient   to  
indicate  the  spectral peak clearly and hence no 
further  spectral peak  enhancement  would be necessary. 
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(a)  signal 

Fig.l.The  Sample  signal  and 
its  spectrum  used in our 
illustrations. 

Fig.2 Partial c?ata  clerived 

Pig.la and the  spectrum of 
from the  corplete  signal in 

the  partial  data. 
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Number c+ iterations 
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Pig.6. For  the low frequency  signal  case 
of partial  data(Fig.Za),  the mean squared 
error in the  reconstructed  signal as a 
fmction of nmber o f  iterations. 
(a)without initial  iterpolation 
(blwith  initial  interpolation 

Fig.3.Interpolated  data  obtained 
using  relaxation procefiuure on 
the  partia.!.  data in  Fig.2a and 
the spectnm of the interpol- 
ated  data. 

r”ig.4.Initial  interpolated 
signal  obtained  by  adding  the 
noise coaoonent to the  relax- 
ation  interpolated  data,and 
the  spectrum of the  signal. 

Fig.S.Signa!. reconstructed 
f r o n  the  initial  intercolated 

Gerchberg  algoritlim aqd the 
data  in Pig.4a using  Papoulis- 

spctrurn of the  reconstructed 
signal 
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Fig.7. For a high  frequency  signal  case 
of partial  data,  the mean squared  error 

of numher of iterations 
in the reconstructed  signal as a function 

(alwithout  (b)  with,initial  interpolation 
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Percentage of samples in the  data 
Flg.8. Relative  error  as a  function of 

relative error is computed  as  the  ratio 
percentage of samples  in  the  data.  The 

natruatsd aignala with and without h i -  
of the mean squared  errors  in  the reco- 

t l a L  interpolation. 
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