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  Digitizing  and  transmitting  the  maximum  amplitude  and 
time  of  occurrence  of  an  analog  signal  is  proposed  for 
borehole  televiewing  apparatus  to  reduce  the  amount  of  data 
transmitted  from  a  borehole  tool  to  surface  imaging  equip- 
ment.  During  at  least  one  established  time  window,  the 
analog  signal  is  amplitude  sampled  with  an  analog-to-digital 
converter  11.  Each  sample  value  is  fed  to  a  comparator  15  and 
compared  with  a  previously  stored  maximum  amplitude 
sample  value  and,  if the  present  sample  is  greaterthan  stored, 
it  is  stored  as  the  new  maximum  amplitude  sample  value. 
Whenever  a new  maximum  amplitude sample value  is  stored, 
its  time  of  occurrence  is  also  stored.  At  the  end  of  each  time 
window  digital  data  representing  the  maximum  amplitude 
and  its  time  of  occurrence  are  available  fortransmission  so  as 
to  allow  reconstruction  of  the  original  analog  signal. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  and  appa ra tu s   f o r  

d i g i t i z i n g   the  maximum  ampl i tude   and  time  o c c u r r e n c e   of  an  a c o u s t i c  

s i g n a l   and,  more  p a r t i c u l a r l y ,   of  an  a c o u s t i c   s i g n a l   produced  in  a 

bo reho le   t e l e v i e w i n g   a p p a r a t u s .  

Borehole   t e l e v i e w i n g   a p p a r a t u s   is  commonly  used  to  p roduce  

an  image  r e p r e s e n t i n g   the  p h y s i c a l   c h a r a c t e r i s t i c s   of  the  i n s i d e  

s u r f a c e   of  a  b o r e h o l e .   T y p i c a l l y ,   a  borehole   t r a n s d u c e r   p o s i t i o n e d  

w i th in   a  bo reho le   t oo l   t r a n s m i t s   an  a c o u s t i c   pu lse   i n t o   the  b o r e h o l e  

in  a  scanning  p e r i o d .   The  a c o u s t i c   pulse   is  r e f l e c t e d   by  t h e  

bo reho le   wall  and  r e c e i v e d   by  a  r e c e i v e r / d e t e c t o r   in  the  t o o l ,  

which,  in  tu rn ,   t r a n s m i t s   the  envelope  of  the  r e f l e c t e d   s igna l   to  a 

r e c o r d i n g   and /or   imaging  a p p a r a t u s   l oca t ed   at  a  s u r f a c e   l o c a t i o n .  

I n c r e m e n t a l   r o t a t i v e   movement  of  the  t r a n s d u c e r   about  the  b o r e h o l e  

for  each  of  a  p l u r a l i t y   of  s u c c e s s i v e   scanning  p e r i o d s   p r o d u c e s  

r e f l e c t i o n   s i g n a l s   which  can  be  used  to  produce  a  r e p r e s e n t a t i v e  

image  of  the  b o r e h o l e   wal l   s t r u c t u r e ,   which  may  be  r eco rded   a n d / o r  

d i s p l a y e d   on  a  ca thode   ray  tube.   R e p r e s e n t a t i v e   b o r e h o l e   t e l e v i e w e r  

dev ices   are  d e s c r i b e d   and  i l l u s t r a t e d   in  U.  S.  Pa t en t   Nos.  3 , 6 6 8 , 6 1 9  

and  3 , 3 6 9 , 6 2 6 .  

In  a  bo reho l e   t e l e v i e w i n g   a p p a r a t u s ,   an  analog  s igna l   p a t h  

is  p rovided   from  the  enve lope   d e t e c t o r   in  the  bo reho le   too l   to  t h e  

s u r f a c e   r e c o r d i n g   and /o r   image  d i sp l ay   dev ices .   Analog  s i g n a l  

t r a n s m i s s i o n   p r e s e n t s   problems  in  t h a t   the  a t t e n u a t i o n  

c h a r a c t e r i s t i c s   of  the  t r a n s m i s s i o n   l i n e s   l i m i t   the  dynamic  r a n g e  

of,  and  thus  d i s t o r t ,   the  t r a n s m i t t e d   s i g n a l ,   making  i t   d i f f i c u l t   t o  

ob ta in   high  q u a l i t y   raw  data  at  the  su r f ace   equipment .   One  way  o f  

improving  the  f i d e l i t y   of  the  t r a n s m i t t e d   s i g n a l  i s   to  d i g i t i z e   i t  

at  the  boreho le   too l   and  t r a n s m i t   only  d i g i t a l   data  to  the  s u r f a c e  

equipment .   However,  the  scanning  f requency  of  t h e  

t r a n s m i t t e r / r e c e i v i n g   a p p a r a t u s   is  t y p i c a l l y   qu i t e   high,  e . g . ,   2 ,000  

scanning  p e r i o d s   per  second,   and  a  high  sampling  f requency   is  a l s o  



r e q u i r e d ,   e . g . ,   500  sampling  p u l s e s   per  scanning  p e r i o d ,   t o  

f a i t h f u l l y   r e p r o d u c e   a  high  q u a l i t y   image  at  the  s u r f a c e .   If  8  o i t s  

of  data  are  r e q u i r e d   for  each  sample,  then  (8  b i t s )   x  ( 5 0 0  

s a m p l e s / p e r i o d )   x  (2 ,000  p e r i o d s / s e c )   =  8M  b i t s / s e c   of  data  must  be 
t r a n s m i t t e d   to  the  s u r f a c e ,   which  c o n s i d e r a b l y   exceeds   t h e  

c a p a b i l i t y   of  p r e s e n t   d i g i t a l   wire  pa i r   t e l e m e t r y   sy s t ems ,   making 

d i g i t i z a t i o n   of  the  d e t e c t e d   r e f l e c t i o n   pulse   s i g n a l   i m p r a c t i c a l .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  t h e r e f o r e   to  o b v i a t e   o r  
minimize  t h i s   p r o o l e m .  

A c c o r d i n g l y ,   tne  i n v e n t i o n   r e s i d e s   in  one  a s p e c t   i n  a  

method  for  d e t e r m i n i n g   the  maximum  ampl i tude   and  i t s   t ime  o f  

o c c u r r e n c e   of  an  analog  s i g n a l   c o m p r i s i n g :  

d e f i n i n g   at  l e a s t   one  time  window  w i t h i n   which  s a i d  

analog  s i g n a l   is  expec ted   to  o c c u r ;  

g e n e r a t i n g   a  t iming  s i g n a l   r e p r e s e n t i n g   e l a p s e d   t i m e  

from  a  p r e d e t e r m i n e d   s t a r t   t i m e ;  

a n a l o g - t o - d i g i t a l   c o n v e r t i n g   and  sampl ing   sa id   a n a l o g  

s i g n a l   dur ing  s a id   time  window  to  produce  s u c c e s s i v e   d i g i t a l   sample  

va lues   r e p r e s e n t i n g   the  ampl i tude   of  sa id   analog  s i g n a l ;  

compar ing  during  sa id   time  window  a  p r e s e n t   d i g i t a l  

sample  value  S   with  a  p r e v i o u s l y   s t o r e d   d i g i t a l   sample  v a l u e  

s n - x ;  

s t o r i n g   value  Sn-x  when  sa id   p r e s e n t   sample  v a l u e  

S n  i s   g r e a t e r   than   sa id   p r e v i o u s l y   s t o r e d   sample  va lue ;   a n d ,  

s t o r i n g   t h e . p r e s e n t   value  of  said  t i m i n g - s i g n a l   when  a 

sa id   p r e s e n t   sample  v a l u e  S n  i s   s t o r e d   as  said  p r e v i o u s l y   s t o r e d  

sample  value  S n - x .  
In  a  f u r t h e r   a spec t ,   the  i n v e n t i o n   r e s i d e s   in  a p p a r a t u s   f o r  

d e t e r m i n i n g   the maximum  ampl i tude   and  i t s   time  of  o c c u r r e n c e   of  an  

analog  s i g n a l   c o m p r i s i n g :  

means  for  d e f i n i n g   at  l e a s t   one  time  window  w i t h i n  

which  said  ana log   s i g n a l   is  expected   to  o c c u r ;  

means  for  g e n e r a t i n g   a  d i g i t a l   t iming  s i g n a l  

r e p r e s e n t i n g   e l a p s e d   time  from  a  p r e d e t e r m i n e d   s t a r t   t i m e ;  



means  for  a n a l o g - t o - d i g i t a l l y   c o n v e r t i n g   and  s a m p l i n g  

sa id   analog  s i g n a l   during  said  t iming  window,  to  produce  s u c c e s s i v e  

d i g i t a l   sample  va lues   r e p r e s e n t i n g   the  ampl i tude   of  sa id   a n a l o g  

s i g n a l ;  

means  for  comparing  a  p r e s e n t   sample  Sn  value  with  a 

p r e v i o u s l y   s t o r e d   sample  value  S n - x ;  

means  r e s p o n s i v e   to  said  comparing  means  for  s t o r i n g   a  

p r e s e n t   sample  value  Sn  as  said  p r e v i o u s l y   s t o r e d   sample  v a l u e  

Sn-x when  sa id   p r e s e n t   sample  value  S n  i s   g r e a t e r   than  s a i d  

p r e v i o u s l y   s t o r e d   sample  value;  and ,  

means  r e s p o n s i v e   to  said  comparing  means  for  s t o r i n g  

the  p r e s e n t   va lue   of  sa id   t iming  s i g n a l   when  said  p r e s e n t   s ample  

S   is  s t o r e d   as  sa id   p r e v i o u s l y   s t o r e d   sample  v a l u e .  

In  the  accompanying  drawings  in  w h i c h :  

Fig.   1  is  a  s i g n a l   ampl i tude   vs.  time  diagram  u s e f u l   i n  

e x p l a i n i n g   the  i n v e n t i o n ;  

Fig.   2  is  a  block  diagram  r e p r e s e n t i n g   d i g i t i z i n g   a p p a r a t u s  

a c c o r d i n g   to  one  example  of  the  i n v e n t i o n ;  

Fig.   3  is  a  s i gna l   ampl i tude   vs.  time  diagram  u s e f u l   i n  

e x p l a i n i n g   a  mod i f i ed   d i g i t i z i n g   a p p a r a t u s ;  

Fig .   4  is  a  block  diagram  i l l u s t r a t i n g   a  b o r e h o l e  

t e l e v i e w i n g   a p p a r a t u s ;  

Fig.   5  is  a  block  diagram  r e p r e s e n t a t i o n   of  a  f i r s t  

embodiment  of  s u r f a c e   appa ra tu s   for  r e c o n s t r u c t i n g  a   p r o p e r l y   t imed  

analog  a m p l i t u d e   s i g n a l ;  

Fig .   6  is  an  ampli tude  vs.  time  diagram  of  a  r e c o n s t r u c t e d  

analog  s i g n a l ;  

F igs .   7a,  7b  and  7c  are  t iming  diagrams  u s e f u l   i n  

e x p l a i n i n g   a  second  embodiment  of  s u r f a c e   a p p a r a t u s   f o r  

r e c o n s t r u c t i n g   a  p rope r ly   timed  analog  ampl i tude   s i g n a l ;  

F igs .   8a,  8b  and  8c  are  s i g n a l   formal  d iagrams  u se fu l   i n  

e x p l a i n i n g   the  second  embodiment  of  the  s u r f a c e   r e c o n s t r u c t i o n  

a p p a r a t u s ;  

Fig.   9  is  a  block  diagram  showing  a  m o d i f i c a t i o n   of  t h e  

Fig.  2  d i g i t i z i n g   appa ra tu s   for  use  with  the  second  embodiment  o f  

the  s u r f a c e   r e c o n s t r u c t i o n   a p p a r a t u s ;   and 



Fig .   10  is   a  b lock  diagram  r e p r e s e n t a t i o n   of  the  s e c o n d  

embodiment  of  the  s u r f a c e   r e c o n s t r u c t i o n - a p p a r a t u s .  

R e f e r r i n g   to  F igs .   1  and  4,  in  a  b o r e h o l e   t e l e v i e w i n g  

a p p a r a t u s   an  a c o u s t i c   pu l se   s i g n a l   P  (F ig .   1)  is  t r a n s m i t t e d   from  a  

t r a n s d u c e r   5  l o c a t e d   in  a  bo reho le   t oo l   1  (F ig .   4)  by  means  of  a  

pu l se   g e n e r a t o r   3  at  a  time  t0,  which  d e f i n e s   the  beg inn ing   of  a  

s cann ing   p e r i o d   t 0 . . . t 0 + 1 .  T h e   t r a n s m i t t e d   s i g n a l   P  i s  

r e f l e c t e d   by  the  b o r e h o l e   p e r i p h e r a l   s u r f a c e   back  to  the  b o r e h o l e  

t o o l   as  a  r e f l e c t e d   a c o u s t i c   pulse   s i g n a l   R  dur ing   the  s c a n n i n g  

p e r i o d   and  is  d e t e c t e d   by  t r a n s d u c e r   5.  An  a d d i t i o n a l   echo  s i g n a l  

R'  g e n e r a t e d   from  r e f l e c t i o n s  b e y o n d   the  b o r e h o l e   wall  a l s o  

t y p i c a l l y   occur   du r ing   the  scanning   pe r iod   and  i t   too  is  d e t e c t e d   by 

t r a n s d u c e r   5.  Other   reduced  ampl i tude   m i s c e l l a n e o u s   r e f l e c t i o n  

s i g n a l s   and  no i se   components   R"  may  also  be  p r e s e n t   in  the  s i g n a l  

r e c e i v e d   and  d e t e c t e d   by  t r a n s d u c e r   5 .  

Both  the  maximum  ampl i tude   of  the  r e f l e c t e d   pu lse   s i g n a l   R, 

as  well   as  the  t ime  of  i t s   o c c u r r e n c e   dur ing   each  scann ing   p e r i o d  

t 0 . . . t 0 + 1 ,   are  d i g i t i z e d   and  t r a n s m i t t e d   to  s u r f a c e   equipment  10 

by  a  d i g i t i z i n g   a p p a r a t u s   7.  The  maximum  ampl i t ude   and  time  o f  

o c c u r r e n c e   da ta   are   s e q u e n t i a l l y   t r a n s m i t t e d   to  s u r f a c e   equipment  10 

over  c o n v e n t i o n a l   wel l   logg ing   t r a n s m i s s i o n   l i n e s   9  by  means  of  a  

m u l t i p l e x e r   6  and  da ta   encoder   8,  e . g . ,   a  manches t e r   da ta   e n c o d e r .  

Appa ra tu s   at  the  s u r f a c e   r e c e i v e s   the  maximum  ampl i t ude   and  time  o f  

o c c u r r e n c e   da t a   and  r e c o n s t r u c t s   an  analog  s i g n a l   t h e r e f r o m ,   which  

can  be  used  in  a  c o n v e n t i o n a l   bo reho le   t e l e v i e w e r   d i s p l a y   a p p a r a t u s  
to  c o n s t r u c t   an  image  of . : the   boreho le   i n t e r i o r   wall   s t r u c t u r e .  

Fig .   2  i l l u s t r a t e s   in  g r e a t e r   d e t a i l   the  d i g i t i z i n g  

a p p a r a t u s   7  for   d i g i t i z i n g   the  maximum  amp l i t ude   and  time  o f  

o c c u r r e n c e   of  the  r e f l e c t e d   a c o u s t i c   pu l se   s i g n a l   R.  The  r e f l e c t e d  

a c o u s t i c   pu l se   s i g n a l   R  d e t e c t e d   by  a c o u s t i c   t r a n s d u c e r   5,  i s  

a p p l i e d   to  the  ana log   i npu t   of  a  high  speed  s a m p l i n g  

a n a l o g - t o - d i g i t a l   c o n v e r t e r   11.  A  high  f requency   sampling  i n p u t  

s i g n a l   c o n s i s t i n g   of  t y p i c a l l y   100ns  p u l s e s ,   is  a p p l i e d   to  t h e  

sampl ing   i n p u t   of  c o n v e r t e r   11,  while  a  window  c o n t r o l   s i g n a l   i s  

a p p l i e d   to  an  e n a b l i n g   i npu t   of  c o n v e r t e r   11  from  a  p rogrammable  



decoder   33.  The  window  c o n t r o l   s i g n a l   e n a b l e s   c o n v e r t e r   11  and 

e s t a b l i s h e s   a  t ime  window  W  (from  time  t1  to  time  t2  in  f i g .   1 ) ,  

during  which  the  a p p a r a t u s   of  Fig.  2  o p e r a t e s   to  " look  for"  t h e  

r e f l e c t e d   a c o u s t i c   p u l s e   s i gna l   R.  The  time  window  W  is  e s t a b l i s h e d  

where  the  r e f l e c t e d   s i g n a l   R  is  expec ted   to  occur .   The  time  of  i t s  

beg inn ing ,   as  we l l   as  i t s   d u r a t i o n ,   a r e  e m p i r i c a l l y   de te rmined   t o  

ensure  tha t   i t   encompasses   the  r e f l e c t e d   a c o u s t i c   pu l se   s i g n a l   R. 

The  window  W  may  be  as  wide  as  a  scann ing   p e r i o d ,   i . e . ,  

t 0 . . . t 0 + 1 ,   but  as  a  p r a c t i c a l   mat te r ,   i t   is  t y p i c a l l y   s h o r t e r ,  

as  shown  in  F ig .   1.  - 

The  window  c o n t r o l   s igna l   is  g e n e r a t e d   a u t o m a t i c a l l y   a 

p r e d e t e r m i n e d   p e r i o d   of  time  a f t e r   an  a c o u s t i c   pu l se   P  i s  

t r a n s m i t t e d   i n t o   the  bo reho le   by  the  b o r e h o l e   t o o l ,   i . e . ,   a  

p r e d e t e r m i n e d   p e r i o d   of  time  a f t e r   t0,  for  example,   by  a  c o u n t e r  

31  coun t ing   a  c l o c k   f requency   fc  and  f e ed ing   the  p r o g r a m m a b l e  

decoder  33  which  decodes   the  output   of  c o u n t e r   31  and  g e n e r a t e s ,   a t  

the  a p p r o p r i a t e   t ime ,   the  window  c o n t r o l   s i g n a l .   The  t iming  c y c l e  

for  o p e r a t i o n   of  c o u n t e r   31  and  decoder   33  is  the  scann ing   p e r i o d  

t 0 . . . t 0 + 1 .   A c c o r d i n g l y ,   counter   31  i s   r e s e t   at  the  beg inn ing   o f  

each  scanning   p e r i o d   by  a  s igna l   to  g e n e r a t e d   t h e r e a t   by  the  p u l s e  

g e n e r a t o r   3.  The  programmable  decoder   33  may  be,  fo r   example,  a 

Har r i s   HM-7616  PROM,  or  a  programmable  l og i c   a r r a y .   Decoder  33 

produces  the  window  c o n t r o l   s i g n a l  a n d   o the r   ou tpu t   s i g n a l s  

d e s c r i b e d   below  at  p r e d e t e r m i n e d   t imes ,   in  a c c o r d a n c e   with  p rogram 

s e l e c t i o n   i n p u t s   t h e r e t o   and  the  moni tored   o u t p u t   of  coun t e r   31.  To 

change  the  t i m i n g   of  the 'window  c o n t r o l   s i g n a l   and  the  o ther   o u t p u t  

s i g n a l s ,   the  program  s e l e c t i o n   i n p u t s   are  changed.   For  c o n v e n i e n c e ,  

the  program  s e l e c t i o n   i npu t s   to  decoder  33  are  c o n t r o l l e d   by  t h e  

s u r f a c e   equ ipment   10  which  i n t e r c o n n e c t s   with  decoder   33  by 

t r a n s m i s s i o n   l i n e s   9  (Fig.   4)  of  a  well   l o g g i n g  c a b l e .   The  t i m i n g  

s i g n a l s   g e n e r a t e d   by  decoder  33   i nc lude   the  window  c o n t r o l   s i g n a l ,  

as  well  as  l a t c h   c o n t r o l   and  r e se t   c o n t r o l   s i g n a l s   d i s c u s s e d   i n  

g r e a t e r   d e t a i l   b e l o w .  

The  d i g i t i z i n g   appara tus   a l so   i n c l u d e s   a  d i g i t a l   c o m p a r a t o r  

15  which  c o n t i n u a l l y   compares  a  c u r r e n t   amp l i t ude   sample  value  S  



from  c o n v e r t e r   11  ( t he   A  i npu t   to  c o m p a r a t o r   15)  wi th   a  p r e v i o u s l y  

s t o r e d   a m p l i t u d e   va lue   Sn-x  ( the  8  i npu t   to  c o m p a r a t o r   15)  s t o r e d  

in  a  l a t c h   17.  Wnenever  the  c u r r e n t   sample  va lue   Sn  exceeds  t h e  

p r e v i o u s l y   s t o r e d   va lue   Sn-x  ( i n p u t   A  I  i n p u t   6),   the  c o m p a r a t o r  

a p p l i e s   an  e n a b l i n g   s i g n a l   to  l a t c h e s   17  and  19  which  causes   l a t c n  

17  to  s t o r e   the  c u r r e n t   sample  value  Sn  as  the  s t o r e d   s a m p l e  

v a l u e ,   which  i s   then  used  for   compar i son   with  s u b s e q u e n t   c u r r e n t  

sample  v a l u e s   S   o c c u r r i n g   dur ing   the  time  window  W. 

As  a  r e s u l t   of  the  c o n t i n u e d   and  combined  o p e r a t i o n   o f  

c o n v e r t e r   11,  c o m p a r a t o r   15  and  l a t c n   17,  l a t c h   17  w i l l ,   at  the  end 

of  t ime  window  W,  c o n t a i n   an  amp l i t ude   value  r e p r e s e n t a t i v e   of  t h e  

peak  a m p l i t u d e   of  r e f l e c t e d   s i g n a l   R.  The  t ime  of  o c c u r r e n c e   of  t h e  

peak  a m p l i t u d e   is  d e t e r m i n e d   by  c o u n t e r   21  which  c o u n t s   the  o u t p u t  

p u l s e s   from  an  o s c i l l a t o r   23.  Counter   21  is   r e s e t   at   the  b e g i n n i n g  

of  a  s c a n n i n g   p e r i o d   by  means  of  the  s i g n a l   t0 ,   so  t h a t   t h e  

c o u n t e r   21  c o n t a i n s   a  va lue   r e p r e s e n t i n g   the  i n s t a n t a n e o u s   time  ( o r  

runn ing   t ime)   f o l l o w i n g   the  time  t0.   The  o u t p u t   of  c o u n t e r   21  i s  

a p p l i e d   to  l a t c h   19  and,  whenever  c o m p a r a t o r   15  d e t e r m i n e s   tha t   a 

p r e s e n t   a m p l i t u d e   va lue   sample  Sn  is  to  be  s t o r e d   in  l a t c h   17,  i t  

c a u s e s   l a t c h   19  to  s t o r e   the  time  of  o c c u r r e n c e   of  t h a t   sample  v a l u e  

in  l a t c h   19.  A c c o r d i n g l y ,   at  the  end  of  t ime  window  W,  l a t c h   19 

c o n t a i n s   t ime  of  o c c u r r e n c e   i n f o r m a t i o n   for  the  maximum  a m p l i t u d e  

sample  va lue   then  s t o r e d   in  l a t c h   1 7 .  

At  the  end  of  time  window  W,  the  window  c o n t r o l   s igna l   f rom 

d e c o d e r   33  is   removed  from  the  enab le   i npu t   to  c o n v e r t e r   11,  which 

e f f e c t i v e l y   s tops   o p e r a t i o n   of  the  Fig.   2  c i r c u i t   as  no  new  sample  

v a l u e s   can  be  g e n e r a t e d .  

The  data  s t o r e d   in  l a t c h e s   17  and  19  is  s t o r e d   f o r  

t r a n s m i s s i o n   to  s u r f a c e   equipment   10  a f t e r   the   end  of  time  window  W  

by  a  l a t c h   c o n t r o l   s i g n a l   a p p l i e d   t o  l a t c h e s   25,  27  which  

r e s p e c t i v e l y   r e c e i v e   and  s t o r e   for  t r a n s m i s s i o n   the   c o n t e n t s   o f  

l a t c h e s   17  and  19.  The  l a t c h   c o n t r o l   s i g n a l   is  g e n e r a t e d   by  d e c o d e r  .  

33  a f t e r   the   t r a n s m i s s i o n   of  time  window  W. 

Al though  F ig .   2  i l l u s t r a t e s   an  a p p a r a t u s   in  which  a  s i n g l e  

t ime  window  W  is  employed,   the  i l l u s t r a t e d   a p p a r a t u s   can  also  be 



used  with  a  p l u r a l i t y   of  time  windows  W1. . .Wn of ,   for  e x a m p l e ,  

the  same  d u r a t i o n   w i th in   a  scanning  pe r iod   t 0 . . . t 0 + 1 ,  

as  shown  in  Fig .   3.  For  o p e r a t i o n   with  a  p l u r a l i t y   of  time  windows 

W1...Wn,  a  d i f f e r e n t   programming  of  decoder   33  is  s e l e c t e d  b y  

the  programming  i n p u t s   t h e r e t o   so  tha t   s u i t a b l e   time  window  c o n t r o l ,  

l a t c h   c o n t r o l   and  r e s e t   c o n t r o l   s i g n a l s   are  g e n e r a t e d   for  e a c h  

t iming  window.  Counter   21  need  not  be  r e s e t   for  each  time  window, 

but  is  r e s e t   once  for  each  scanning  pe r iod   t 0 . . . t 0 + 1 ,   at  t i m e  

t0,  as  d e s c r i b e d   e a r l i e r .  

The  use  of  s u c c e s s i v e   time  windows  for   a  s cann ing   t i m e  

pe r iod   t 0 . . . t 0 + 1   a l lows  for  i s o l a t i o n   and  d i g i t i z a t i o n   of  n o t  

only  the  maximum  ampl i tude   and  time  of  o c c u r r e n c e   of  the  p r i n c i p l e  

r e f l e c t e d   s i g n a l   R,  but  also  of  a d d i t i o n a l   r e f l e c t e d   s i g n a l  

components,   such  as  the  echo  s i g n a l   R'  and  o t h e r   l a t e r   r e f l e c t i o n s  

R ' ' '   (F ig .   3),  should  d i g i t i z a t i o n   and  t r a n s m i s s i o n   of  these   s i g n a l s  

be  d e s i r e d .  

-  For  t r a n s m i s s i o n   to  su r f ace   equipment   10,  the  p a i r e d  

d i g i t a l   a m p l i t u d e   and  time  of  occu r r ence   data  s t o r e d   in  l a t c h e s   25 

and  27  are  m u l t i p l e x e d   by  m u l t i p l e x e r   6  (Fig.   4)  and  encoded  by  an 

encoder   8,  e . g . ,   a  manches te r   encoder ,   and  then  sent   o v e r  

t r a n s m i s s i o n   l i n e s   9.  In  the  boreho le   t oo l ,   one  b i t   of  an  encoded  

data  word  is  encoded  by  encoder  8  as  a  f lag  b i t   in  r e sponse   t o  

o p e r a t i o n   of  m u l t i p l e x e r   6  to  i n d i c a t e   whether  the  encoded  word 

c o n t a i n s   a m p l i t u d e   da ta ,   e . g . ,   a  "1"  f lag   b i t   encod ing ,   or  time  o f  

o c c u r r e n c e   d a t a ,   e . g . ,   a  "0"  f lag  b i t   e n c o d i n g .  

Fig.  5  i l l u s t r a t e s   the  a p p a r a t u s   employed  in  s u r f a c e  

equipment  10  for   r e c o n s t r u c t i n g   an  analog  s i g n a l   having  an  a m p l i t u d e  

and  time  of  o c c u r r e n c e   c o r r e s p o n d i n g   to  the  d i g i t a l   ampl i tude   and 

time  of  o c c u r r e n c e   data   produced  by  the  Fig.  2  a p p a r a t u s .   The 

s u r f a c e   a p p a r a t u s  i n c l u d e s   a  decoder  41,  e . g . ,   a  manches te r   d e c o d e r  

which  r e c e i v e s   the  encoded  data  from  the  a p p a r a t u s   and  which 

produces  a  c o n v e n t i o n a l   "va l id   w o r d "  o u t p u t   whenever  i t   r e c o g n i z e s  
tha t   a  va l id   encoded  data   word  ( e i t h e r   ampl i tude   or  time  o f  

o c c u r r e n c e   da ta )   has  been  r ece ived .   The  " v a l i d   word"  output   o f  

decoder  41  enab l e s   a  f lag   d e t e c t o r   43,  which  examines  a  f lag  bi t   i n  



the  decoded  word,  to  de te rmine   whether  it   c o n t a i n s   ampli tude  or  t i m e  

of  o c c u r r e n c e   i n f o r m a t i o n .   The  f lag  d e t e c t o r   43  loads  the  decooed 

data   word  i n to   a  down  coun te r   45  by  enabl ing  the  counter   45  if  t h e  

da ta   word  r e p r e s e n t s   time  of  occur rence   data,   and  loads  the  d a t a  

word  i n to   a  l a t c h   47  by  e n a b l i n g   l a tch   47  if  the  data  word 

r e p r e s e n t s   amp l i t ude   d a t a .  

When  loaded  with  a  new  data  word,  down  counter   45 

immed ia t e ly   beg ins   d e i n c r e m e n t i n g   tne  loaoed  count   value  by  means  o f  

a  c l o c k i n g   s i g n a l   input   t h e r e t o   u n t i l   a  p r ede t e rmined   count  v a l u e ,  

e . g . ,   ze ro ,   is  r eached ,   at  which  time  a  one - sho t   m u l t i v i b r a t o r   49  i s  

enab led .   The  ou tput   of  one-sho t   m u l t i v i b r a t o r   49  is  used  to  e n a b l e  

a  d i g i t a l - t o - a n a l o g   c o n v e r t e r   51,  which  c o n v e r t s   the  d i g i t a l  

amp l i t ude   da ta   s t o r e d   in  l a t c h   47  into  an  analog  s igna l   value  on 

o u t p u t   l i n e   53.  The  r e c o n s t r u c t e d   analog  s i g n a l   is  shown  in  F i g .  

6.  The  ana log   s i g n a l   gene ra t ed   on  output  l ine   53  has  an  a m p l i t u d e  

value   c o r r e s p o n d i n g   to  the  maximum  analog  s i g n a l   ampli tude  v a l u e  

d i g i t i z e d   in  the  bo reho le   t oo l ,   with  time  of  occu r r ence   from  a 

p r e d e t e r m i n e d   s t a r t   t ime,  e . g . ,   to '   c o r r e s p o n d i n g   to  the  time  o f  

o c c u r r e n c e   of  the  maximum  analog  s i gna l   ampl i tude   d i g i t i z e d   in  t h e  

b o r e h o l e   t o o l .   A  c h a r a c t e r i s t i c   of  the  Fig.  5  r e c o n s t r u c t i o n  

a p p a r a t u s   is  t h a t   i t   is  not  necessa ry   s e p a r a t e l y   to  t r ansmi t   o r  

r e c e i v e   i n f o r m a t i o n   r e p r e s e n t i n g   the  s t a r t   time  of  a  s c a n n i n g  

p e r i o d ,   e . g . ,   t0,  as  t h i s   i n f o r m a t i o n   is  i m p l i c i t l y   con ta ined   i n  

the  time  of  o c c u r r e n c e   data .   That  is,  whenever  down  counter   45  i s  

loaded  with  new  t iming  data  i t   r e s t a r t s   a  time  pe r iod   which  e x p i r e s  

when  c o u n t e r   45  coun t s   td  a  p r e s e t   value,   which  r e p r e s e n t s   the  t i m e  

of  o c c u r r e n c e   of  the  maximum  ampl i tude   data  s i g n a l   from  the  s c a n n i n g  

pe r iod   s t a r t   time  t0.  The  analog  output   on  l i ne   51  may  be  used  oy 
a  c o n v e n t i o n a l   bo reho le   t e l e v i e w i n g   appara tus   to  record  and 

r e c o n s t r u c t   an  image  r e p r e s e n t i n g   the  phys i ca l   c h a r a c t e r i s t i c s   o f  

the  i n s i d e   s u r f a c e   of  a  b o r e h o l e .  

The  r e c o n s t r u c t i o n   appa ra tu s   i l l u s t r a t e d   in  Fig.  5  i s  

i n t e n d e d   to  o p e r a t e   with  one ' t ime   window  in  a  scanning  p e r i o d  

t 0 . . . t 0 + 1 ,   and  cannot   e a s i l y   be  adapted  for  use  with  a  p l u r a l i t y  
of  time  windows.  An  a l t e r n a t i v e   r e c o n s t r u c t i o n   appa ra tu s   for  u se  



with  one,  two  or  four  time  windows  during  a  scann ing   per iod   is  shown 

in  Fig.  10.  The  Fig.   10  a p p a r a t u s   is  used  in  c o n j u n c t i o n   with  t h e  

data  t r a n s m i s s i o n   format  shown in  Fig.  8,  which  wi l l   be  d e s c r i b e d  

f i r s t .  

The  s i g n a l   t r a n s m i t t e d   from  the  boreho le   t o o l - t o - s u r f a c e  

r e c e i v i n g   equipment   10  for  use  with  the  one,  two  or  four  window 

r e c o n s t r u c t i o n   of  Fig.  10  has  the  data  format  i l l u s t r a t e d   in  F i g .  

8.  Each  s cann ing   pe r iod   t 0 . . . t 0 + 1   of,  e . g . ,   500us,  is  d i v i d e d  

in to   a  frame  of  the  same  time  pe r iod ,   e . g . ,   500us,  c o n t a i n i n g   f o u r  

equal  d u r a t i o n   da ta   block  D1. . .D4.   Each  data  block  c o n t a i n s  

pa i r ed   maximum  ampl i t ude   (A)  data  and  c o r r e s p o n d i n g   time  o f  

occu r r ence   (T)  d a t a .  

For  a  one  window  system,  i l l u s t r a t e d   in  Fig.   7a,  t h e  

maximum  a m p l i t u d e   and  time  of  occu r r ence   data  (A,,  Tl)  i s  

r e p e a t e d   dur ing   t r a n s m i s s i o n   to  the  s u r f a c e   in  each  of  the  d a t a  

b locks   D1 . . .D4 .   For  a  two  window  system,  i l l u s t r a t e d   i n  

Fig.  7b,  the  p a i r e d   ampl i tude   and  time  of  o c c u r r e n c e   data   (A1, 

T1)  for   the  f i r s t   window  is  r e p e a t e d   in  the  f i r s t   two  data  b l o c k s  

D1  and  D2,  whi le   the  same  data  for  the  second  window  (A2, 

T2)  is  r e p e a t e d   in  the  l a s t   two  data  blocks  D3  and  D4.  For  a 

four  window  sys tem,   i l l u s t r a t e d   in  Fig.   7c,  each  data   b l o c k  

D1. . .D4  c o n t a i n s   p a i r   ampl i tude   and  time  va lues   c o r r e s p o n d i n g   t o  

r e s p e c t i v e   windows,  e . g . ,   A1,  Tl;  A2,  T2;  A3,  T3;  A41 

T4.  
The  da ta   frames  i l l u s t r a t e d   in  Fig.  8  are  formed  by  t h e  

a p p a r a t u s   i l l u s t r a t e d   i n  F i g .   9,  which  is  a  m o d i f i c a t i o n   of  the  F i g .  

4  boreho le   t o o l   a p p a r a t u s   1.  The  data  frame  is  formed  in  a  p a r a l l e l  

to  s e r i a l   frame  r e g i s t e r   63.  S e q u e n t i a l   p a i r ed   ampl i tude   and  t i m e  

data  from  encoder   8  are  loaded  in to   the  va r ious   s t a g e s   of  r e g i s t e r  

63  by  way  of  l o a d i n g   ga tes   61.  The  program  s e l e c t i o n   i npu t s   t o  

decoder  33,  which  s e l e c t   the  number-of  t iming  windows  in  the  Fig.  2 

d i g i t i z i n g   a p p a r a t u s   are  used  to  ope ra t e   load ing   ga t e s   61  so  t h a t  

one  of  the  da ta   formats   i l l u s t r a t e d   in  Fig.  8a,  8b  or  8c  is  c r e a t e d  

in  frame  r e g i s t e r   63,  c o r r e s p o n d i n g   to  a  s u r f a c e   s e l e c t i o n   of  one ,  
two  or  four  t iming  windows.  The  s e r i a l   output   of  frame  r e g i s t e r   63 



is   a p p l i e d   to  t r a n s m i s s i o n   l i n e s   9  for  t r a n s m i s s i o n   to  the  s u r f a c e  

a p p a r a t u s   i l l u s t r a t e d   in  Fig.   10.  

The  Fig .   10  a p p a r a t u s   is  designed  to  r e c e i v e   any one  of  t h e  

s e l e c t e d   data  f o r m a t s   shown  in  Figs.   8a,  8b  or  8c  and  r e c o n s t r u c t  

t h e r e f r o m ,   the  maximum  ampl i t ude   and  time  of  o c c u r r e n c e   data   f o r  

each  of  the  t ime  windows  used  in  the  system.  Incoming  encoded  d a t a  

is  decoded  by  decoder   83  and  then  loaded  f r a m e - b y - f r a m e   s e r i a l l y  

i n t o   a  frame  r e c e i v e r   r e g i s t e r   67.  To  s i m p l i f y   f u r t h e r   d i s c u s s i o n ,  

i t   w i l l   oe  assumed,  for   the  moment,  t h a t   four  windows  have  b e e n  

s e l e c t e d   by  the  programming  i n p u t s   to  decoder  33  and  l oad ing   g a t e s  

61.  The  causes   r e g i s t e r   67  to  have  a  loaded  da ta   fo rmat ,   w n e r e i n  

each  data   block  D1 . . .D4   c o n t a i n s   pa i r ed   ampl i tude   and  time  d a t a  

for   a  r e s p e c t i v e   time  window  W1...W4.  The  p a r a l l e l   o u t p u t s   o f  

r e g i s t e r   67  are  a p p l i e d   to  a  data  s e l e c t   c i r c u i t   69  having  ganged  

s w i t c h e s   71a  and  71b.  Switch  71a  s e q u e n t i a l l y   c o n n e c t s   each  of  t h e  

a m p l i t u d e   va lues   A 1 . . . A 4  t o   an  output   l ine   01,  whi le   s w i t c h  

71b  s e q u e n t i a l l y   c o n n e c t s   each  of  the  t iming  v a l u e s   T 1 . . . T 4   t o  

an  ou tpu t   l i n e   02.  C o n s e q u e n t l y ,   as  swi tches   71a,  71b  

s e q u e n t i a l l y   move,  p a i r e d   ampl i tude   A  and  t iming   T  da ta   are  a p p l i e d  

to  ou tpu t   l i n e s   01  and  02  of  data  s e l e c t   c i r c u i t   69.  S w i t c h e s  

71a  and  71b  move  in  un i son   in  response   to  a  command  s i g n a l   f rom 

s e q u e n c e r   73,  which  i s   g e n e r a t e d   with  a  pe r iod   of  t o / 4 ,   t h a t   i s ,  

four   t imes  in  a  s c a n n i n g   p e r i o d   t 0 . . . t 0 + 1 .   Assuming  a  s c a n n i n g  

p e r i o d   of  500us,  the  command  s i g n a l s   occur  every   125µs.  Thus ,  

dur ing   the  frame  t ime  of  0-500µs  data  is  a v a i l a b l e   at  the  o u t p u t  

l i n e s   01'  02  o f   s e l e c t o r ' 6 9   as  f o l l o w s :  

The  command  s i g n a l s   begin  when  s equence r   73  i s   informed  by 

the  ou tpu t   of  frame  d e t e c t o r   81  t ha t   a  frame  of  da ta   is   p r e s e n t   i n  

r e g i s t e r   67.  To  r e c o n s t r u c t   both  the  maximum  a m p l i t u d e   and  i t s   t ime  



of  o c c u r r e n c e   for  each  of  the  four  windows  W1...W4,  a  c o m p a r a t o r  

71,  time  base  c o u n t e r   73,  o s c i l l a t o r   85,  c o i n c i d e n c e   gate  75  and 

d i g i t a l - t o - a n a l o g   c o n v e r t e r   7 7  a r e   employed.  Time  oase  counte r   73 

is  r e s e t   by  a  s i g n a l   t6  at  the  beg inn ing   of  a  scann ing   pe r iod   o f  

the  s i g n a l   r e c o n s t r u c t i o n   a p p a r a t u s .   This  s cann ing   pe r iod   is  e q u a l  

in  d u r a t i o n   to  t ha t   used  in  the  boreho le   t o o l ,   i . e . ,   t 0 . . . t 0 + 1 ,  
but  i t s   i n i t i a t i o n   need  not  c o i n c i d e   with  t h a t   of  the  s c a n n i n g  

p e r i o d '  i n   the  b o r e h o l e   too l .   Once  r e s e t   by  s i g n a l   tB,  time  b a s e  

c o u n t e r   73  beg ins   coun t i ng   the  ou tpu t   of  o s c i l l a t o r   85.  Compara tor  

71  r e c e i v e s   the  c o u n t  v a l u e   from  coun te r   73  and  compares  i t   witn  a 

t iming  value  then  p r e s e n t   at  the  02  output   l i n e   of  d a t a  s e l e c t  
c i r c u i t   69.  Whenever  compara tor   71  d e t e c t s   a  c o i n c i d e n c e   between  a  

t iming  value  and  the  ou tpu t   of  coun te r   73,  i t   s u p p l i e s   an  e n a b l e  

s i g n a l   to  ga te   75  which  a l lows  a  maximum  d i g i t a l   ampl i tude   value  A 

c o r r e s p o n d i n g   to  the  t iming  value  to  pass  to  d i g i t a l - t o - a n a l o g  

c o n v e r t e r   77,  where  the  maximum  ampl i tude   va lue   is  r e c o n s t r u c t e d   a t  

a  p rope r   time  with  r e s p e c t   to  the  beg inn ing   t6  of  a  scanning  f rame 

in  the  r e c o n s t r u c t i o n   a p p a r a t u s .   For  a  four  window  system,  t h e  

pa i r ed   d i g i t a l   va lues   A1,  Tl;  A2,  T2;  A3,  T3;  and  A4, 

T4  w i l l   be  s e q u e n t i a l l y   connected   to  the  data   s e l e c t o r   69  o u t p u t s  

by  the  command  s i g n a l   and  the  maximum  ampl i tude   va lues   A 1 . . . A 4  
wi l l   be  r e c o n s t r u c t e d ,   in  p rope r ly   timed  sequence  in  a  s c a n n i n g  

pe r iod   by  the  t iming   va lues   T 1 . . . T 4 .  
As  noted ,   the  Fig.  10  appa ra tu s   can  a lso   be  used  with  a  one 

or  two  window  system  as  wel l .   For  a  one  window  system,   each  of  t h e  

four  data  b locks   loaded  in to   r e g i s t e r   67  w i l l   have  the  same  d a t a  

A1,  T1,  as  shown  in  Fig.   8a.  As  a  r e s u l t ,   a l t hough   the  d a t a  

s e l e c t   c i r c u i t   69  s e q u e n t i a l l y   a p p l i e s   the  A1  and  T1  data  from 

each  of  the  da ta   b locks   to  output   l i ne   01  and  02,  compara to r   71 

w i l l   s t i l l   only  p rov ide   one  output   s i g n a l   when  i t   d e t e r m i n e s  

c o i n c i d e n c e   between  T1  and  the  ou tput   of  coun te r   73,  no  m a t t e r  

which  data  block  D1. . .D4  switch  71  is  then  examining,   so  tha t   a 

maximum  ampl i tude   ou tpu t   p rope r ly   timed  with  r e s p e c t   to  t h e  

beg inn ing   t6  of  a  r e c o n s t r u c t i o n   scanning  frame  is  produced  by 

d i g i t a l - t o - a n a l o g   c o n v e r t e r   77.  



S i m i l a r l y ,   when  two  windows  are  employed  and  t h e  

t r a n s m i t t e d   d a t a   fo rmat   for  the  four   da ta   b locks   D1. . .D4  is  a s  

shown  in  Fig.  8b,  c o m p a r a t o r   7 1  w i l l   r e c o g n i z e   only  two  t i m i n g  

va lues   T1 and  T2  and  w i l l   a p p r o p r i a t e l y   enab le   gate  75  so  t h a t  

c o r r e s p o n d i n g   maximum ampl i tude   va lues   A1  and  A2  wi l l   be  a p p l i e d  

at  the  p rope r   t ime  to  c o n v e r t e r   77  and  r e c o n s t r u c t e d .  

For  p r o p e r   o p e r a t i o n   of  the  Fig .   10  a p p a r a t u s ,   c o u n t e r   21 

in  the  d i g i t i z i n g   a p p a r a t u s   is  r e s e t   only  at  the  beg inn ing   of  a  new 

scanning  p e r i o d ,   i . e . ,   at  t0,  so  t h a t   each  t iming   value  T  in  a  

scann ing   p e r i o d   t 0 . . . t 0 + 1   has  a  d i f f e r e n t   v a l u e .  

As  i s   a p p a r e n t ,   the  Fig.   10  r e c o n s t r u c t i o n   a p p a r a t u s   i s  

capao le   of  use  in  a  system  employing  one,  two  or  four  t iming   windows 

during  a  s c a n n i n g   p e r i o d   t 0 . . . t 0 + 1 .   I t   should  be  a p p a r e n t   t h a t  

o ther   r e c o n s t r u c t i o n  a p p a r a t u s   could  be  e a s i l y   dev i sed   for  o t h e r  

numbers  of  t i m i n g   windows .  



1. A  method  for  de t e rmin ing   tne  maximum  ampli tude  and 

i t s   time  of  occurrence   of  an  analog  s igna l   c o m p r i s i n g :  

de f in ing   at  l e a s t   one  time  window  within  wnich  s a i J  

analog  s i g n a l   is  expected  to  o c c u r ;  

gene ra t i ng   a  t iming  s igna l   r e p r e s e n t i n g   e lapsea   t ime 

from  a  p rede te rmined   s t a r t   t i m e ;  

a n a l o g - t o - d i g i t a l   c o n v e r t i n g   and  sampling  said  a n a l o g  

s i g n a l   dur ing  said  time  window  to  produce  s u c c e s s i v e  d i g i t a l  

sample  values   r e p r e s e n t i n g   the  ampl i tude  of  said  analog  s i g n a l ;  

comparing  dur ing  sa id   time  window  a  p r e sen t   d i g i t a l  

sample  value  Sn  with  a  p r e v i o u s l y   s to red   d i g i t a l   sample  v a l u e  

Sn -x ;  

s t o r i n g   value  Sn-x  when  said  p resen t   sample  v a l u e  

Sn  is  g r e a t e r   than  said  p r e v i o u s l y   s to red   sample  va lue;   and ,  

s t o r i n g   the  p r e s e n t   value  of  said  t iming  s igna l   when 

a  said  p r e sen t   sample  value  Sn  is  s to red   as  said  p r e v i o u s l y  

s to red   sample  value  S n - x .  

2.  The  method  o f .Cla im  1,  wherein  said  analog  s i gna l   i s  

a  r e f l e c t i o n   s igna l   caused  by  the  g e n e r a t i o n   of  an  a c o u s t i c   p u l s e  

scanning  s igna l   within  a  boreho le   and  said  time  window  is  d e f i n e d  

at  a  time  subsequent   to  g e n e r a t i o n   of  said  scanning  s i g n a l .  



3.  A  method  for   r e c o n s t r u c t i n g   the  maximum  a m p l i t u d e  

and  time  of  o c c u r r e n c e   of  an  ana log   s i g n a l   wnerein  sa id   maximum 

ampl i t ude   and  time  of  o c c u r r e n c e   are  de te rmined   by  the  method  o f  

Claim  1,  c o m p r i s i n g :  

r e c e i v i n g   sa id   s t o r e d   sample  value  r e p r e s e n t i n g   t n e  

maximum  a m p l i t u d e   of  the  ana log   s i g n a l   o c c u r r i n g   dur ing   sa id   a t  

l e a s t   one  time  window; 

r e c e i v i n g   sa id   s t o r e d   p r e s e n t   value  of  the  t i m i n g  

s i g n a l   r e p r e s e n t i n g   the  t ime  of  o c c u r r e n c e   of  sa id   maximum 

ampl i t ude   dur ing  sa id   t ime  window;  a n d ,  

d i g i t a l - t o - a n a l o g   c o n v e r t i n g   the  r e c e i v e d   s a m p l e  

value  a  p r e d e t e r m i n e d   p e r i o d   of  t ime  a f t e r   a  r e f e r e n c e   s t a r t  

t ime,   sa id   p r e d e t e r m i n e d   p e r i o d   of  time  being  d e t e r m i n e d   by  t h e  

value  of  the  r e c e i v e d   t iming   s i g n a l .  

4.  The  method  o f . C l a i m   3,  f u r t h e r   c o m p r i s i n g   the  s t e p s  

of  s t o r i n g   sa id   sample  va lue   a f t e r   i t s   r e c e i p t ,   l oad ing   s a i d  

t iming  s i g n a l   as  p r e s e t   da ta   i n t o   a  c o u n t e r   a f t e r   i t s   r e c e i p t ,  

s a id   c o u n t e r   coun t ing   a  c l o c k i n g   s i g n a l ,   and  o p e r a t i n g   a  

d i g i t a l - t o - a n a l o g   c o n v e r t e r   which  c o n v e r t s   sa id   s t o r e d   s a m p l e  

value  in to   an  analog  s i g n a l   w h e n . s a i d   coun te r   r e aches   a  

p r e d e t e r m i n e d   count   v a l u e .  

5.  The  method  of  Claim  3,  f u r t h e r   c o m p r i s i n g   the  s t e p s  

of  s t o r i n g   sa id   sample  va lue   and  sa id   t iming  s i g n a l   a f t e r   t h e i r  

r e c e i p t ,   comparing  sa id   s t o r e d   t iming  s i gna l   with  the  ou tput   of  a  

c o u n t e r   c o u n t i n g   a  c l o c k i n g   s i g n a l   and  g e n e r a t i n g   a  c o n t r o l  

s i g n a l   when  the  ou tpu t   of  the  c o u n t e r   has  a  p r e d e t e r m i n e d  



r e l a t i o n s h i p   with  r e s p e c t   to  the  s to red   t iming  s i g n a l ,   and 

d i g i t a l - t o - a n a l o g   c o n v e r t i n g   the  s t o r ed   sample  value  when  s a i d  

c o n t r o l   s i g n a l   is  g e n e r a t e d .  

6.  An  a p p a r a t u s   for  d e t e r m i n i n g   the  maximum  a m p l i t u d e  

and  i t s   time  of  o c c u r r e n c e   of  an  analog  s i g n a l   c o m p r i s i n g :  

means  for  d e f i n i n g   at  l e a s t   one  time  window  w i t h i n  

which  sa id   analog  s i g n a l   is  expec ted   to  o c c u r ;  

means  for  g e n e r a t i n g   a - d i g i t a l   t iming   s i g n a l  

r e p r e s e n t i n g   e l a p s e d   time  from  a  p r ede t e rmined   s t a r t   t i m e ;  

means  for  a n a l o g - t o - d i g i t a l l y   c o n v e r t i n g   and 

sampling  sa id   analog  s i g n a l   dur ing   said  t iming  window,  to  p r o d u c e  

s u c c e s s i v e   d i g i t a l   sample  va lues   r e p r e s e n t i n g   the  ampl i tude   o f  

sa id   analog  s i g n a l ;  

means  for  comparing  a  p r e sen t   sample  S   v a l u e  

with  a  p r e v i o u s l y   s t o r e d   sample  value  S n - x ;  

means  r e s p o n s i v e   to  said  comparing  means  f o r  

s t o r i n g   a  p r e s e n t   sample  value  Sn  as  said  p r e v i o u s l y   s t o r e d  

sample  value  Sn-x  when  s a i d . p r e s e n t   sample  value  Sn  i s  

g r e a t e r   than  sa id   p r e v i o u s l y   s t o r e d   sample  va lue ;   and ,  

means  r e s p o n s i v e   to  said  comparing  means  f o r  

s t o r i n g   the  p r e s e n t   value  of  said  t iming  s i g n a l   when  sa id   p r e s e n t  

sample  Sn  is  s t o r e d   as  sa id   p r e v i o u s l y   s to red   sample  v a l u e .  

7.  The  a p p a r a t u s   of  claim  6  and  f u r t h e r   c o m p r i s i n g :  

means  for  d i g i t a l - t o - a n a l o g   c o n v e r t i n g   said  s t o r e d  

sample  value  a  p r e d e t e r m i n e d   pe r iod   of  time  a f t e r   a  r e f e r e n c e  

s t a r t   t ime,  sa id   p r e d e t e r m i n e d   pe r iod   of  time  being  determined  by 

said  s t o r e d   t iming  s i g n a l .  
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