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©  Data  handling  apparatus. 

©  Apparatus  for  deriving  output  signals  from  input  data  frames  that  occur  at  a  slower  rate  than  the  display 
frame  rate  at  which  the  data  is  to  be  displayed,  in  which  consecutive,  input  frames  of  data  are  displayed  in 
display  frames  that  have  a  given  number  of  intermediate  display  frames  between  them,  and  in  which  interpolated 
values  of  the  input  data  frames  are  used  for  the  intermediate  display  frames.  Memory  buffers  (Bi,  B2,  B3)  receive 
the  input  data  frames  in  turn,  and  output  signals  for  display  are  derived  from  the  buffers  not  receiving  input  data. 
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Background  of  the  Invention 

In  ultrasonic  systems  for  producing  an  image  of  the  structures  of  tissue  in  a  cross-section  of  a  patient's 
body,  ultrasonic  pulses  are  transmitted  into  the  body  along  each  of  a  plurality  of  lines  passing  through  the 
section,  and  the  brightness  of  the  image  is  made  to  relate  to  the  amplitude  of  the  returning  echoes.  The 
time  it  takes  to  attain  data  for  one  cross-sectional  image  depends  on  the  speed  with  which  sound  travels 

5  through  the  body,  the  number  of  lines  used  and  the  maximum  range  of  interest.  In  order  to  attain  images 
that  appear  to  smoothly  change  from  one  frame  to  the  next,  the  frame  rate  is  chosen  to  be  about  30  Hertz. 

When,  however,  it  is  desired  to  use  this  same  apparatus  for  the  purpose  of  forming  a  flow  map  having  a 
hue  and  possibly  a  brightness  indicative  of  the  direction  and  velocity  of  blood  flowing  through  the  cross- 
section,  it  is  necessary  to  transmit  n  additional  pulses  along  each  line  so  that  it  take  n  +  1  times  longer  to 

io  acquire  the  structural  and  velocity  data  for  a  given  cross-section  than  it  does  to  acquire  data  for  the 
structure  of  the  tissue.  If  the  data  is  written  into  a  display  memory  on  a  line-by-line  basis  as  it  is  received 
and  the  display  memory  is  scanned  at  the  frame  rate  of  a  standard  monitor,  the  update  boundary  between 
new  and  old  data  rolls  through  the  image  like  a  windshield  wiper.  On  the  other  hand,  if  data  is  stored  in  a 
buffer  and  the  buffer  is  scanned  during  eaeh  display  frame,  the  images  exhibit  a  very  noticeable 

75  disconnected  jerky  motion  because  the  data  is  attained  at  i/n  +  1  times  the  frame  rate  of  the  monitor.  Such 
abrupt  changes  are  especially  disconcerting  in  a:  flow  map  of  blood  velocity  because  blood  flow  should 
appear  continuous  and  move  with  a  fluid-like  motion. 

20  Brief  Summary  of  the  Invention 

In  accordance  with  this  invention,  there  is  provided  data  handling  apparatus  for  providing  output  display 
signals,  which  are  to  be  displayed  at  a  given  frame  rate,  for  input  data  signals  received  at  a  lower  frame 
rate,  wherein  successive  input  data  signals  are  stored  sequentially  in  memory  means  and  wherein  the 

25  output  display  signal  representing  instants  between  two  successive  input  data  signals  already  received 
corresponds  to  an  interpolation  provided  by  interpolation  means  of  said  input  signal.  Thus,  the  earlier  of  two 
consecutive  data  frames  for  blood  flow  velocity  is  presented  in  a  first  display  frame  of  a  monitor,  the  later 
data  frame  is  presented  in  a  display  frame  that  is  separated  from  the  first  by  a  number  of  intermediate 
display  frames,  and  interpolated  values  of  the  consecutive  data  frames  are  displayed  in  the  intermediate 

30  display  frames.  If  the  monitor  displays  frames  at  a  rate  that  is  an  integral  number  n  times  the  frame  rate  at 
which  the  data  for  blood  velocity  is  acquired,  the  number  of  intermediate  data  frames  is  n-1  .  The  data  used 
can  be  raw  data  or  interpolated  values  thereof  provided  by  a  scan  converter. 

In  a  preferred  embodiment  of  the  invention,  frames  of  data  such  as  that  representing  velocity,  which 
could  also  include  turbulence  information,  are  respectively  stored  in  one  of  three  frame  buffers  in  repeated 

35  sequence  so  that,  for  example,  velocity  data  frames  V̂   V2,  V3,  V4  etc.,  are  respectively  written  into  frame 
buffers'  B1,  B2,  B3,  B1  etc.  Thus,  only  one  frame  buffer  is  written  into  at  a  time.  A  circuit  is  provided  for 
selecting  the  two  frame  buffers  not  being  written  into  and  reading  the  data  in  them  so  as  to  provide  data 
from  the  buffer  having  the  earlier  data  Ve  at  one  output  and  the  data  from  the  buffer  having  the  later  data  V 
L  at  another  output.  An  interpolation  ROM  is  connected  to  receive  VE  and  VL  at  different  inputs,  and  it 

40  outputs  the  desired  interpolated  values  to  the  display  memory.  If,  for  example,  n  =  3,  the  output  might  be  VE 
during  a  display  frame  DFA;  2/3  ;VE  +  1/3  VL  during  the  next  display  frame  DFB;  1/3  VE  +  2/3  VL  during 
the  next  display  frame  DFC;  and  VLduring  a  last  display  frame  of  the  sequence  DFD. 

The  following  table  shows  the  writing  and  reading  sequence  of  the  buffers: 

45 
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Brief  Description  of  the  Drawings 

FIGURE  1  illustrates  the  display  of  data  frames  in  accordance  with  the  prior  art; 
FIGURE  2  illustrates  the  display  of  data  frames  in  accordance  with  this  invention;  and 
FIGURE  3  is  a  block  diagram  of  an  ultrasonic  system  incorporatfng  this  invention. 

Detailed  Description  of  the  Invention 

w  In  order  that  the  differences  between  the  manner  in  which  prior  apparatus  and  the  apparatus  using  this 
invention  display  data  that  is  acquired  at  a  frame  rate  that  is  an  integral  fraction  of  the  frame  rate  at  which  it 
is  to  be  displayed  may  be  clearly  understood,  reference  is  made  to  FIGURE  1  which  illustrates  the 
operation  of  the  prior  art. 

The  columns  DFA,  DFB,  DFC  and  DFD  indicate  successive  display  frame  intervals;  the  sectors  SA,  Sb,  Sc 
75  and  Sd  show  the  data  respectively  stored  in  the  display  memory  for  the  monochrome  structural  image  at 

the  beginning  of  these  display  frame  intervals;  and  the  sectors  VA,  VB.  Vc  and  VD  show  the  data 
respectively  stored  in  the  display  memory  for  the  colored  velocity  image  at  the  beginning  of  the  display 
frame  intervals.  The  clear  areas  show  data  derived  from  an  earlier  of  two  consecutive  data  frames,  and  the 
shaded  areas  show  data  derived  from  the  later  of  the  two  data  frames.  As  this  is  just  an  instant  of  time,  the 

20  update  line  between  the  shaded  and  clear  areas  is  in  a  particular  position;  but  because  the  information  is 
being  written  into  the  display  memories  on  a  line  by  line  basis,  the  update  line  will  pass  through  the  image 
like  a  windshield  wiper  as  previously  stated. 

FIGURE  2  illustrates  the  displays  of  consecutive  velocity  data  frames  in  accordance  with  this  invention 
and  another  way  in  which  the  prior  art  displays  structural  data.  The  columns  DFA',  DFB  ',  DFC'  and  DFD' 

25  represent  successive  display  frame  intervals;  the  sectors  SA',  Sb',  Sc'  respectively  show  what  is  in  the 
display  memory  for  the  monochrome  image  of  tissue  structure;  and  the  sectors  VA  ',  VB',  Vc',  and  VD  ' 
respectively  show  what  is  in  the  display  memory  for  the  colored  image  of  velocity.  The  structural  data  can 
be  displayed  so  as  to  exhibit  the  windwhield  wiper  effect  or  it  can  be  displayed  as  indicated  by  the  clear 
and  shaded  areas  so  as  to  exhibit  noticeable  flicker;  but  the  data  written  into  the  display  memory  for 

30  velocity  is  displayed  in  accordance  with  the  invention  so  as  to  be  free  from  the  windshield  wiper  effect  and 
flicker.  It  is  also  possible  to  display  the  structural  data  in  accordance  with  the  invention.  During  a  display 
frame  DFA',  the  velocity  data  in  the  display  memory  is  entirely  from  the  earlier  of  two  consecutive  display 
frames;  during  the  entire  display  frame  DEB',  the  data  in  the  display  memory  is  an  interpolation  of  the  data 
from  the  earlier  and  later  data  frames,  e.g.,  2/3  of  data  from  the  earlier  frame  and  1/3  of  the  data  from  the 

35  later  data  frame;  during  the  entire  display  frame  DFC',  the  data  in  the  display  memory  is  a  different 
interpolation  of  the  data  from  the  earlier  and  later  display  frames,  e.g.,  1/3  of  the  former  and  2/3  of  the  latter; 
and  during  the  display  frame  DFD',  the  data  in  the  display  memory  is  entirely  from  the  later  data  frame.  As 
there  is  no  convenient  way  in  the  drawing  of  shading  VA'  through  VD'  to  show  the  data  values  used,  the 
values  just  referred  to  are  simply  written  as  characters  into  the  appropriate  sectors  in  the  drawing.  As  will 

40  be  explained,  this  is  possible  because  the  data  written  into  the  display  memory  is  derived  from  data  stored 
in  buffers  rather  than  being  data  provided  directly  from  the  scanning  process.  There  is  no  update  line  in  the 
display  memory  and  the  change  in  colour  from  that  representing  the  velocity  in  the  earlier  data  frame  to 
that  representing  the  velocity  in  the  later  data  frame  is  gradual  so  as  to  provide  a  cloud-like  motion  of  the 
blood  that  is  more  realistic. 

45  Stated  in  another  way,  successive  data  frames  respectively  occur  at  the  same  times  as  spaced  display 
frames  and  respectively  control  the  image  during  these  display  frames.  During  the  intervening  display 
frames,  interpolated  values  of  the  data  in  the  two  data  frames  are  displayed. 

Reference  is  now  made  to  the  embodiment  of  the  invention,  illustrated  by  the  block  diagram  of  FIGURE 
3.  A  scanner  2  that  is  synchronized  with  a  timer  3  applies  pulses  of  ultrasonic  waves  to  the  crystals  of  a 

so  transducer  4  of  the  phased  array  type  with  such  timing  as  to  cause  them  to  successively  direct  an  acoustic 
beam  along  the  radial"  paths  of  a  sector.  The  scanner  2  also  delays  the  electrical  waves  produced  by 
echoes  of  the  transmitted  pulses  so  as  to  provide  receive  focussing.  After  n  ultrasonic  pulses  have  been 
transmitted  along  a  radial  line  to  derive  velocity  data,  a  single  pulse  is  transmitted  along  it  to  derive 
structural  data  for  the  tissue.  Separate  velocity  lines  and  structural  lines  are  used  because  the  pulse 

55  characteristics  necessary'  for  each  are  generally  different. 
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The  focussed  echoes  of  the  n  pulses  are  applied  to  A/D  devices  6  and  8  that  sample  the  echoes  under the  control  of  the  timer  3  at  the  desired  Nyquist  rate  in  phase  quadrature,  thereby  producing  respective  I and  Q  signals  that  are  applied  to  a  velocity  processor  12.  The  I  and  Q  filtered  information  from  the  first  n-1 pulses  .are  stored  in  memory,  not  shown,  and  as  the  nthset  of  I  and  Q  signals  are  being  received  the s  processor  12  outputs  digital  signals  successively  representing  the  velocity  of  reflectors  along  the  radial  line As  the  velocity  signals  from  each  line  of  a  sector  are  derived,  a  READ/WRITE  control  14  that  is synchronized  with  the  scanner  2  causes  the  signals  for  each  frame  to  be  written  into  frame  buffers  B,  B2 and  B3  in  repeated  consecutive  sequence  so  that  velocity  data  frames  Vi,  V2,  V3,  V4,  etc.,  are  respectively written  into  the  buffers  B,,  Efc.  B3,  Bi,  etc.  While  one  of  the  buffers  VBi,  B2  or  B3  is  being  written  into,  the  pair w  of  buffers  not  being  written  into  are  read,  as  will  be  described.  Thus,  when  Bi  is  being  written  into  the buffers  B2  and  B3  are  read;  when  B2  is  being  written  into,  Bi  and  B3  are  read;  and  when  B3  is  being  written 
into,  Bi  and  B2  are  read.  The  READ/WRITE  control  14  controls  a  2-of-3  selector  16  that  reads  the  buffers 
not  being  written  into.  If,  for  example,  data  is  written  into  trie-frame  buffers  Bi,  B2  and  B3  in  sequence  and 
velocity  data  is  being  written  into  Bi,  the  selector  16  outputs  the  data  read  from  B2  on  one  line  18  and  the 

75  data  read  from  B3  on  another  line  20.  Thus,  the  data  on  the  line  18  is  from  an  earlier  data  frame  VE  and  the 
data  on  line  20  is  from  a  later  data  frame  VL. 

The  lines  18  and  20  are  respectively  connected  to  two  inputs  of  an  interpolation  ROM  22.  If  the  number 
n  of  pulses  used  to  derive  velocity  data  is  3,  the  ROM  22,  which  is  synchronized  by  the  READ/WRITE 
control  14  via  a  counter  23,  may  output  the  velocity  signals  read  from  B2  during  the  display  frame  DFA;  2/3 

20  of  the  signal  read  from  B2  and  1/3  of  the  velocity  signal  read  from  B3  during  the  display  frame  DFB;  1/3  of 
the  velocity  signal  read  from  B2  and  2/3  of  the  velocity  signal  read  from  B3  during  the  display  frame  DFC; 
and  just  the  signals  read  from  B3  during  the  display  frame  DFD. 

The  output  of  the  interpolation  ROM  22  is  supplied  to  a  scan  converter  24  that  may  operate  as described  in  U.S.  Patent  No.  4,471,449  assigned  to  Hewlett-Packard  Company.  The  output  of  the  scan 
25  converter  24  is  applied  to  a  display  memory  26  and  its  output  is  applied  to  a  color  select  ROMs  28  that 

provide  signals  required  to  produce  the  intensity  and  hue  of  the  color  that  is  to  represent  the  velocity,  e.g., as  described  in  U.S.  patent  application  Serial  No.  748,531,  filed  on  June  25,  1985,  entitled  "Flow  Mapping 
Apparatus"  or  in  U.S.  patent  application  Serial  No.  837,456,  filed  on  March  7,  1986,  entitled  "Improved 
Method  for  Combining  Color  Flow  Map  and  Monochrome  Image".  Both  the  referenced  patent  applications 

30  are  filed  in  the  name  of  David  Lipschutz.  The  output  of  the  ROMs  28  are  applied  to  a  display  means  30  that 
is  synchronized  by  the  READ/WRITE  control  14. 

The  particular  operation  just  described  is  for  a  situation  where  three  pulses  are  transmitted  along  each 
line  to  derive  the  velocity  signals,  so  that  n=3,  but  in  general  n-1  display  frames  require  interpolations  of 
the  velocity  signals  stored  in  each  of  the  pair  of  frame  buffers  Bi,  B2  and  B3  being  read  from.  Thus,  if  n=4, 

35  three  display  frames  would  occur  between  the  data  frames  so  that  their  interpolated  values  might  be  1/4  VE' 
3/4  VL;  1/2  VE,  1/2  VL;  and  1/4  VE,  3/4  VL. 

The  monochrome  display  of  the  display  means  30  that  represents  tissue  structure  may  be  produced  as follows.  The  analog  signal  corresponding  to  the  amplitude  of  the  echoes  of  the  single  pulse  referred  to  from 
structures  along  each  radial  line  is  supplied  to  an  A/D  device  34  that  samples  them  at  times  determined  by 

40  the  timer  3,  and  the  output  of  the  A/D  device  34  for  the  first  data  frame  is  caused  to  be  written  into  a  frame 
buffer  B4  by  the  READ/WRITE  control  14.  The  output  of  the  buffer  Bt  is  applied  to  a  scan  converter  36  that 
may  operate  as  the  scan  converter  24,  and  its  output  is  supplied  to  the  display  memory  26.  Thus,  the 
update  line  described  in  connection  with  FIGURE  1  is  eliminated,  but  there  is  an  abrupt  change  between 
the  display  frames  DF  C'  and  DFD'  equal  to  the  difference  between  the  data  in  the  successive  data  frames.  If 

45  it  is  desired  to  eliminate  this  abrupt  change,  the  circuits  of  this  invention,  which  are  included  within  a dashed  rectangle  R,  could  be  inserted  as  indicated  at  R'  and  the  frame  buffer  B4  could  be  eliminated. 
The  ROM  22  could  drive  the  interpolated  data  in  the  following  manner.  In  the  illustrated  system  where 

n  =  3,  three  different  values  of  data  selected  from  the  earlier  and  later  data  frames  VE  and  VL  are  required: 
VE;  2/3  VE  and  1/3  Vu;  and  1/3  VE  and  2/3  VL.  Assume  that  velocity  data  is  written  into  the  frame  buffers  in 

so  the  order  Bi,  B2  and  B3  and  that  data  is  being  written  into  Bi  so  that  B2  contains  the  earlier  frame  of  data  and 
B3  contains  the  later  frame  of  data.  While  the  next  frame  of  data  is  being  written  into  Bi,  the  READ/WRITE 
control  14  provides  a  pulse  that  causes  the  2-of-3  selector  16  to  read  data  from  B2  and  B3  and  output  it  as the  earlier  and  later  frames  respectively.  During  this  time,  three  display  frames  DFA',  DFB'  and  DFC-  occur. The  pulses  provided  to  the  2-of-3  selector  16  are  coupled  via  the  counter  23  that  outputs  a  count  0,0  during 55  display  frame  DFA'as  data  is  being  written  into  the  first  third  of  Bi,  a  count  of  0,1  during  display  frame  DFB< while  data  is  being  written  into  the  second  third  of  Bi;  and  a  count  of  1,0  during  display  frame  DFc-while data  is  being  loaded  into  the  last  third  of  Bi.  At  the  end  of  the  frame  of  data  being  written  into  Bi,  the 

10 

55 
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READ/WRITE  control  14  causes  the  next  frame  of  data  to  be  written  into  B2  so  that  B3  and  B1  are  selected 
by  the  2-of-3  selector  16  with  B3  containing  the  earlier  frame.  The  count  provided  by  the  counter  is  again 
0,0  so  that  the  data  in  B3  which  was  the  previous  later  frame  is  now  the  earlier  frame  and  is  read  so  as  to 
supply  data  to  the  scan  converter  24.  This  sequence  is  shown  in  the  table  below. 

5 

COUNT 

OrO  e a r l y   f r a m e  
10 

° / l   2 /3   e a r l y   f r a m e ,   1 /3   l a t e   f r a m e  

i ' 0   1 /3   e a r l y   f r a m e ,   2 /3   l a t e   f r a m e  

75  0 , 0   new  e a r l y   f r a m e   @  f o r m e r   l a t e   f r a m e  

One  skilled  in  the  art  would  have  no  difficulty  in  programming  the  ROM  22. 

20 
Claims 

1  .  Data  handling  apparatus  for  providing  output  display  signals,  which  are  to  be  displayed  at  a  given 
frame  rate,  from  input  data  signals  received  at  a  lower  frame  rate,  wherein  successive  input  data  signals  are 

25  stored  sequentially  in  memory  means  (Bi,  B2,  B3)  and  wherein  the  output  display  signal  representing 
instants  between  two  successive  input  data  signals  already  received  corresponds  to  an  interpolation 
provided  by  interpolation  means  (22)  of  said  input  signals. 

2.  Data  handling  apparatus  as  claimed  in  Claim  1  ,  wherein  the  output  display  signal  representing  each 
specific  input  data  signal  corresponds  directly  to  that  input  data  signal. 

30  3.  Data  handling  apparatus  as  claimed  in  Claim  1  or  2  wherein  the  frequency  of  the  output  display 
signal  is  an  integral  multiple  of  the  frequency  of  the  input  data  signal  receipt. 

4.  Data  handling  apparatus  as  claimed  in  any  preceding  claim  wherein  the  output  display  signals  are 
supplied  to  a  display  memory  (26)  prior  to  application  to  display  means  (30). 

5.  Data  handling  apparatus  as  claimed  in  any  preceding  claim  wherein  said  memory  means  comprises 
35  three  memory  buffers  (B1,  B2,  B3)  which  receive  input  data  signals  in  strict  sequence,  and  wherein  data  is 

r-ead  for  the  purpose  of  providing  said  interpolation  under  control  of  a  selector  (16)  from  those  two  buffers  at 
any  time  not  receiving  an  input  data  signal. 

6.  Data  handling  as  claimed  in  any  preceding  claim  wherein  each  interpolation  output  display  signal  is  a 
signal  weighted  between  the  two  successive  input  signals  according  to  the  position  in  time  of  the  respective 

^  instant  between  the  times  of  the  two  input  signals. 
7.  Data  handling  apparatus  as  claimed  in  any  preceding  claim  adapted  for  use  in  displaying  ul- 

trasonically  derived  images  of  both  body  tissue  structure  and  blood  flow,  wherein  said  input  data  signals 
represent  blood  flow  which  is  displayed  as  moving  at  said  given  frame  rate,  and  wherein  every  nth  input 
data  signal  represents  body  tissue  structure  which  is  displayed  as  static  and  is  not  subject  to  an 

45  interpolation  process. 
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