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©  Ultrasonic  imaging  system. 

©  An  ultrasonic  imaging  system  comprises  an  ul- 
trasonic  probe  (11)  for  transmitting  and  receiving  an 
ultrasonic  wave,  driver  unit  (12)  for  driving  the  ultra- 
sonic  probe  (11),  detector  unit  (15)  for  detecting  an 

^   echo  signal  received  by  the  ultrasonic  probe  (11), 
^   filter  unit  (18)  being  operative  to  pass  a  detection 
^   signal  from  the  detector  unit  (15)  and  having  a 
OQ  plurality  of  passbands  which  have  respective  flat 
OJ  frequency  response  characteristics  and  respective 
1^  gains  different  from  each  other,  scanning  conversion 
^   unit  (16)  for  converting  the  detection  signal,  which 
W  has  passed  through  the  filter  unit  (18),  to  a  display 
©  signal  to  be  displayed  on  a  television,  etc.,  and 

display  unit  (17)  receiving  the  display  signal  from  the 
Ijj  scanning  conversion  unit  (16)  to  display  it  as  a 

tomographic  image,  whereby  the  filter  unit  (18)  op- 
erates  to  decrease  respective  amplitudes  of  high 

frequency  components  contained  in  the  detection 
signal  and  to  reduce  a  difference  in  brightness  be- 
tween  adjacent  scanning  lines  of  the  display  unit 
(17),  and  flat  frequency  response  characteristics  of 
the  filter  unit  (18)  prevent  deterioration  of  frequency 
response  characteristics  of  the  detection  signal, 
thereby  making  it  possible  to  produce  a  tomographic 
image  of  high  resolution  up  to  the  resolution  limit  of 
the  scanning  line  of  the  display  unit  (17)  without 
impairing  the  image  quality. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  ultrasonic 
imaging  system  for  visualizing  the  structure  and 
movement  in  a  living  body. 

Fig.  1  shows  a  construction  of  a  conventional 
ultrasonic  imaging  system.  In  Fig.  1,  an  ultrasonic 
probe  51  converts  a  pulse  signal  into  an  ultrasonic 
signal,  transmits  the  conversion  ultrasonic  signal  to 
an  object  under  measurement,  receives  an  echo 
signal  from  the  object  under  measurement,  and 
converts  into  an  electrical  signal.  Driver  means  52 
generates  the  pulse  signal  and  supplies  it  to  the 
ultrasonic  probe  51.  An  amplifier  53  amplifies  the 
echo  signal  returning  from  the  object  under  mea- 
surement  and  received  by  the  ultrasonic  probe  51  . 
Logarithmic  conversion  (compression)  means  54 
performs  logarithmic  conversion  of  the  amplitude  of 
the  echo  signal  amplified  by  the  amplifier  53.  De- 
tector  means  55  performs  AM  detection  of  the 
logarithmically  compressed  echo  signal  and  de- 
tects  an  envelope  of  the  echo  signal.  Scanning 
conversion  means  56  composed  of  an  A/D  con- 
verter  56a,  a  memory  56b  and  a  D/A  converter  56c, 
takes  in  a  detection  signal  of  the  echo  signal,  which 
has  been  AM  detected  by  the  detector  means  55, 
and  converts  the  detection  signal  to  an  image 
signal  according  to  a  TV  system  represented  by 
the  NTSC  system  to  form  a  two-dimensional  tomo- 
graphic  image.  Display  means  57  such  as  a  televi- 
sion  displays  a  tomographic  image  indicating  inner 
portions  of  the  object  under  measurement.  Gen- 
erally,  a  low-pass  filter  for  preventing  generation  of 
an  aliasing  noise  on  the  basis  of  the  sampling 
theorem  is  provided  at  an  input  portion  of  the  A/D 
converter  56a.  However,  this  low-pass  filter  is  dif- 
ferent  from  filter  means  of  the  present  invention, 
and  it  is  not  illustrated  here  in  order  to  simplify  the 
explanation  of  the  present  invention. 

With  respect  to  the  above-described  construc- 
tion  of  the  system  of  the  present  invention,  the 
operation  thereof  will  be  described  hereunder. 

The  ultrasonic  probe  51  is  driven  by  a  pulse 
signal  generated  by  the  driver  means  52  to  perform 
transmitting  and  receiving  operations  by  transmit- 
ting  an  ultrasonic  pulse,  while  performing  a  scan- 
ning  operation  with  the  transmitted  ultrasonic  pulse, 
and  by  receiving  an  echo  signal  returning  from  a 
tomographic  plane  in  an  object  under  measure- 
ment.  The  echo  signal  thus  obtained  is  amplified 
by  the  amplifier  53  and  its  amplitude  is  subjected 
to  logarithmic  conversion  by  the  logarithmic  con- 
version  (compression)  means  54.  The  logarith- 
mically  converted  echo  signal  is  subjected  to  AM 
detection  by  the  detector  means  55  so  that  the 
detection  signal  represents  an  envelope  of  the 
echo  signal,  and  the  detection  signal  is  outputted  to 
the  scanning  conversion  means  56.  The  detection 

signal  is  converted  to  a  digital  signal  by  the  A/D 
converter  56a  of  the  scanning  conversion  means 
56,  and  the  A/D  conversion  signal  is  written  in  the 
memory  56b.  Since  an  address  of  the  memory 

5  56b,  in  which  the  A/D  conversion  signal  data  is 
written,  is  made  to  correspond  to  a  position  of  the 
portion  of  the  object  under  measurement  from 
which  the  echo  signal  has  been  generated,  tomo- 
graphic  image  information  of  the  object  under  mea- 

io  surement  is  stored  in  the  memory  56b,  being  ar- 
ranged  two-dimensionally  therein.  The  tomographic 
image  information  stored  in  the  memory  56b  is 
subjected  to  D/A  conversion  by  the  D/A  converter 
56c  so  as  to  comply  with  the  television  display 

75  system  for  the  display  means  57  and  is  outputted 
to  the  display  means  57,  whereby  a  tomographic 
image  is  displayed  on  the  display  means  57. 

As  described  above,  in  the  conventional  ultra- 
sonic  imaging  system,  the  ultrasonic  probe  51  per- 

20  forms  transmitting  and  receiving  operations  of  an 
ultrasonic  pulse,  while  performing  a  scanning  op- 
eration,  to  thereby  obtain  a  tomographic  image  of 
portions  of  an  object  under  measurement. 

In  the  conventional  ultrasonic  imaging  system, 
25  however,  an  image  displayed  on  a  television  dis- 

play  used  as  the  display  means  57  is  represented 
by  the  scanning  line.  Accordingly,  the  resolution  of 
an  image  which  can  be  displayed  is  determined  by 
the  television  scanning  line.  In  addition,  even  if  the 

30  resolution  of  an  image  is  retained  within  a  resolu- 
tion  limit,  when  displaying  a  tomographic  image  of 
a  fine  composition  which  is  near  the  resolution 
limit,  a  difference  in  brightness  between  adjacent 
television  scanning  lines  is  increased  due  to  a  high 

35  spatial  frequency  of  the  tomographic  image.  As  a 
result,  it  becomes  impossible  to  represent  inter- 
mediate  brightness,  which  raises  a  problem  that 
the  quality  of  a  diagnostic  image  is  deteriorated 
significantly. 

40 
SUMMARY  OF  THE  INVENTION 

The  present  invention  intends  to  solve  the 
above-mentioned  problem  presented  in  the  con- 

45  ventional  ultrasonic  imaging  system,  and  it  is  an 
object  of  the  present  invention  to  provide  an  ultra- 
sonic  imaging  system  which  can  represent  a  tomo- 
graphic  image  of  high  resolution  up  to  a  resolution 
limit  of  the  television  scanning  line  of  a  display 

50  means  without  deteriorating  the  quality  of  the  tomo- 
graphic  image. 

In  order  to  attain  the  above-mentioned  object, 
the  ultrasonic  imaging  system  according  to  the 
present  invention  comprises  an  ultrasonic  probe  for 

55  transmitting  and  receiving  an  ultrasonic  wave,  driv- 
er  means  for  driving  the  ultrasonic  probe,  detector 
means  for  detecting  an  echo  signal  received  by  the 
ultrasonic  probe,  filter  means  operative  to  pass  the 
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detection  signal  therethrough  and  having  a  plurality 
of  passbands  which  have  respective  flat  frequency 
response  characteristics  and  respective  gains  dif- 
ferent  from  each  other,  scanning  conversion  means 
for  converting  the  detection  signal,  which  has 
passed  through  the  filter  means,  to  a  display  signal 
for  display  on  a  display  system  such  as  a  televi- 
sion,  and  display  means  for  displaying  thereon  the 
display  signal  converted  by  the  scanning  conver- 
sion  means  in  the  form  of  a  tomographic  image. 

Further,  it  is  preferable  to  set  the  gains  of  the 
plurality  of  passbands  of  the  filter  means  to  de- 
crease  toward  higher  frequency  passbands. 

Accordingly,  in  accordance  with  the  present 
invention,  an  echo  signal  detected  by  the  detector 
means  is  made  to  pass  through  the  filter  means  so 
that  respective  amplitudes  of  higher  frequency 
components  contained  in  a  detection  signal  are 
decreased  and  a  difference  in  brightness  between 
adjacent  television  scanning  lines  is  reduced.  In 
addition,  since  respective  frequency  response  char- 
acteristics  of  a  plurality  of  passbands  of  the  filter 
means  are  flattened,  deterioration  of  pulse  re- 
sponse  characteristics  of  the  detection  signal  can 
be  prevented. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  block  diagram  showing  a 
conventional  ultrasonic  imaging  system. 

Fig.  2  is  a  schematic  block  diagram  showing 
an  ultrasonic  imaging  system  according  to  an  em- 
bodiment  of  the  present  invention. 

Fig.  3  is  a  characteristic  diagram  showing  fre- 
quency  response  characteristics  of  the  filter  means 
18  in  the  system  shown  in  Fig.  2. 

Fig.  4  is  a  circuit  diagram  showing  an  example 
of  the  construction  of  the  filter  means  18  in  the 
system  shown  in  Fig.  2. 

Fig.  5A  is  an  explanatory  drawing  illustrating  a 
change  of  the  gain  in  the  frequency  response  char- 
acteristics  of  the  filter  means  18  in  the  system 
shown  in  Fig.  2. 

Fig.  5B  is  an  explanatory  drawing  for  explaining 
a  change  of  the  brightness  waveform  of  a  tomo- 
graphic  image  caused  by  the  use  of  the  filter 
means  18  in  the  system  shown  in  Fig.  2. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

An  embodiment  of  the  present  invention  will  be 
described  hereunder  with  reference  to  the  accom- 
panying  drawings. 

Fig.  2  is  a  schematic  block  diagram  showing 
an  ultrasonic  imaging  system  of  an  embodiment  of 
the  present  invention. 

Referring  to  Fig.  2,  an  ultrasonic  probe  11 
converts  a  pulse  signal  to  an  ultrasonic  signal, 
transmits  the  ultrasonic  signal  into  an  object  under 
measurement,  receives  an  echo  signal  returning 

5  from  the  object  under  measurement,  and  converts 
it  to  an  electrical  signal.  Driver  means  12  generates 
a  pulse  signal  and  sends  it  to  the  ultrasonic  probe 
11.  An  amplifier  13  amplifies  the  echo  signal  which 
has  returned  from  the  object  and  which  has  been 

io  received  by  the  ultrasonic  probe  11.  Logarithmic 
conversion  (compression)  means  14  performs  loga- 
rithmic  conversion  of  an  amplitude  of  the  echo 
signal  amplified  by  the  amplifier  13.  Detector 
means  15  performs  AM  detection  of  the  logarith- 

ms  mically  converted  echo  signal  to  thereby  detect  an 
envelope  of  the  echo  signal.  Filter  means  18  has  a 
plurality  of  passbands  which  have  respective  flat 
frequency  response  characteristics  and  respective 
gains  different  from  each  other.  The  filter  means  18 

20  passes  therethrough  a  detection  signal  supplied 
from  the  detector  means  15.  Scanning  conversion 
means  16  is  composed  of  an  A/D  converter  16a,  a 
memory  16b  and  a  D/A  converter  16c,  takes  in  the 
detection  signal  outputted  from  the  filter  means  18, 

25  and  converts  the  detection  signal  to  an  image 
signal  in  compliance  with  a  TV  system  represented 
by  the  NTSC  system,  wherein  the  image  signal 
represents  a  two-dimensional  tomographic  image. 
Display  means  17  such  as  a  television  responds  to 

30  the  image  signal  and  displays  a  tomographic  image 
showing  inner  portions  of  the  object  under  mea- 
surement. 

Besides,  in  the  same  way  as  a  conventional 
system,  a  low-pass  filter  for  preventing  generation 

35  of  an  aliasing  noise  on  the  basis  of  the  sampling 
theorem  is  provided  at  an  input  portion  of  the  A/D 
converter  16a. 

With  the  above-described  construction  of  the 
system  of  the  present  invention,  the  operation 

40  thereof  will  be  described  hereinafter. 
The  ultrasonic  probe  11  is  driven  by  a  pulse 

signal  generated  by  the  driver  means  12  to  perform 
transmitting  and  receiving  operations  by  transmit- 
ting  an  ultrasonic  pulse,  while  performing  a  scan- 

45  ning  operation  with  the  transmitted  ultrasonic  pulse, 
and  by  receiving  an  echo  signal  returning  from  a 
tomographic  plane  in  an  object  under  measure- 
ment.  The  thus  obtained  echo  signal  is  amplified 
by  the  amplifier  13  and  its  amplitude  is  logarith- 

50  mically  converted  by  the  logarithmic  conversion 
(compression)  means  14.  The  logarithmically  con- 
verted  echo  signal  is  subjected  to  AM  detection  in 
the  detector  means  15,  whereby  a  detection  signal, 
which  represents  an  envelope  of  the  echo  signal,  is 

55  obtained,  and  then  the  detection  signal  is  outputted 
to  the  filter  means  18.  The  filter  means  18  has 
frequency  response  characteristics  which  are  flat  in 
a  low  frequency  region  and  a  high  frequency  re- 
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gion,  respectively,  as  shown  in  Fig.  3,  and  which 
have  respective  gains  in  the  low  frequency  region 
and  the  high  frequency  region,  the  gains  being 
relatively  different  from  each  other,  so  that  the 
amplitudes  of  components  of  the  detection  signal 
passing  through  the  filter  means  18,  which  compo- 
nents  are  distributed  in  the  high  frequency  region, 
are  decreased.  The  detection  signal  from  the  filter 
means  18  is  subjected  to  A/D  conversion  by  the 
A/D  converter  16a  of  the  scanning  conversion 
means  16  and  is  written  in  the  memory  16b.  Tomo- 
graphic  image  information  stored  in  the  memory 
16b  is  subjected  to  D/A  conversion  by  the  D/A 
converter  16c,  that  is,  it  is  converted  in  compliance 
with  the  television  system  of  the  display  means  17, 
and  the  D/A  conversion  signal  is  outputted  to  the 
display  means  17  so  that  a  tomographic  image  is 
displayed  on  the  display  means  17. 

Next,  the  filter  means  18  will  be  described  in 
greater  detail.  Fig.  4  is  a  circuit  diagram  showing 
an  example  of  the  filter  means  18  for  realizing  the 
frequency  response  characteristics  shown  in  Fig.  3. 
Referring  to  Fig.  4,  an  inverting  amplifier  31  is 
connected  with  a  negative  feedback  circuit  formed 
of  resistors  Rf1  and  Rf2  and  a  capacitor  Cf,  and  this 
circuit  of  the  filter  means  18  has  frequency  re- 
sponse  characteristics  represented  by  the  following 
equations  (1)  to  (3),  in  connection  with  the  value  of 
a  resistor  R  connected  to  the  input  end  of  the 
inverting  amplifier  31  : 

AL=R,i/R  (1) 

AH  =(R,i-Rf2)/{R-(Rfi  +  Rf2)}  (2) 

fb  =1/{277CHRf1  +Rf2)}  (3) 

In  connection  with  the  frequency  response 
characteristics  shown  in  Fig.  3,  the  above-men- 
tioned  equations  (1)  to  (3)  give  the  gain  AL  of  the 
flat  portion  of  the  low  frequency  region,  the  gain  AH 
of  the  flat  portion  of  the  high  frequency  region,  and 
a  frequency  fb  at  the  boundary  between  the  low 
frequency  region  and  the  high  frequency  region. 

Fig.  5A  is  an  explanatory  drawing  which  illus- 
trates  the  distribution  of  the  gain  in  the  frequency 
response  characteristics  of  the  filter  means  18 
shown  in  Fig.  4.  Fig.  5B  is  an  explanatory  drawing 
for  explaining  how  a  brightness  waveform  of  a 
tomographic  image  displayed  on  the  display 
means  17  changes  as  the  gain  in  the  frequency 
response  characteristics  of  the  filter  means  18 
changes  in  accordance  with  the  values  of  the  resis- 
tors  Rf1  and  Rf2  and  capacitor  Cf.  In  the  graph  of 
Fig.  5B,  the  horizontal  axis  thereof  represents  a  line 
in  a  direction  perpendicular  to  respective  television 
scanning  lines,  and  the  abscissa  represents  posi- 
tions  of  the  respective  television  scanning  lines 

which  are  arranged  perpendicularly  to  the  horizon- 
tal  axis.  The  ordinate  of  the  graph  represents 
brightness  of  the  respective  scanning  lines  on  the 
television  screen.  A  characteristic  curve  A  shown  in 

5  Fig.  5A  indicates  a  frequency  response  characteris- 
tic  which  is  flat  over  the  entire  frequency  range, 
that  is,  a  frequency  response  characteristic  ob- 
tained  when  the  resistor  Rf1  and  the  capacitor  Cf 
are  not  comprised,  in  other  words,  this  characteris- 

io  tic  curve  A  corresponds  to  the  same  construction 
as  that  of  the  conventional  system  devoid  of  the 
filter  means  18.  In  this  case,  the  brightness 
waveform  of  a  tomographic  image  is  shown  by  a 
waveform  A  in  Fig.  5B.  More  particularly,  when  the 

is  detection  signal  contains  low  frequency  compo- 
nents,  spots  indicative  of  brightness  signal  level 
thereof  are  distributed  with  shorter  distance  steps 
on  the  respective  consecutive  television  scanning 
lines,  as  shown  at  waveform  A  in  the  left  half  of 

20  Fig.  5B,  and  therefore  a  difference  in  brightness 
level  between  adjacent  television  scanning  lines  is 
reduced  and  intermediate  brightness  tones  can  be 
represented.  While,  when  the  detection  signal  con- 
tains  high  frequency  components,  a  large  differ- 

25  ence  in  brightness  occurs  between  adjacent  televi- 
sion  scanning  lines  as  shown  at  waveform  A  in  the 
right  half  of  Fig.  5B,  and  therefore  the  detection 
signal  is  visualized  as  a  binary  image  devoid  of 
intermediate  brightness,  thereby  impairing  the  im- 

30  age  quality  significantly.  Then,  according  to  the 
present  invention,  values  of  the  resistor  Rf1  and  the 
capacitor  Cf  are  selected  suitably  to  decrease  the 
gain  AH  in  the  high  frequency  region  as  shown  at 
the  characteristic  curve  B  in  Fig.  5A,  whereby  it 

35  becomes  possible  to  reduce  the  difference  in 
brightness  between  adjacent  television  scanning 
lines  as  shown  at  waveform  B  in  the  right  half  of 
Fig.  5B,  even  in  the  case  of  the  detection  signal 
containing  high  frequency  components. 

40  Thus,  in  accordance  with  the  ultrasonic  imag- 
ing  system  of  the  above-described  embodiment  of 
the  present  invention,  an  echo  signal  detected  by 
the  detector  means  15  is  passed  through  the  filter 
means  18  so  that  the  amplitude  of  high  frequency 

45  components  contained  in  the  detected  signal  can 
be  decreased,  whereby  the  difference  in  brightness 
between  adjacent  television  scanning  lines  can  be 
reduced.  Further,  since  the  filter  means  18  has  flat 
frequency  response  characteristics  in  a  plurality  of 

50  passbands,  deterioration  of  pulse  response  char- 
acteristics  of  the  detection  signal  can  be  prevented. 

The  values  of  the  gain  AL  in  the  low  frequency 
region,  the  gain  AH  in  the  high  frequency  region, 
and  the  boundary  frequency  fb  are  selected  in 

55  accordance  with  the  television  system  of  the  dis- 
play  means  17.  Therefore,  it  is  necessary  to  deter- 
mine  the  values  of  such  factors  taking  into  consid- 
eration  the  quality  of  an  image  displayed  on  the 

4 
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display  means  17.  In  the  standard  television  sys- 
tem  such  as  the  NTSC  system,  the  boundary  fre- 
quency  fb  is  set  to  about  100  to  500kHz,  and  the 
ratio  AL  :  AH  between  the  gain  AL  in  the  low 
frequency  region  and  the  gain  AH  in  the  high  fre- 
quency  region  is  selected  to  be  about  1:0.6  to 
1:0.9. 

As  described  above,  according  to  the  present 
invention,  by  passing  an  echo  signal  detected  by 
the  detector  means  through  the  filter  means,  it  is 
possible  to  decrease  the  amplitude  of  high  fre- 
quency  components  contained  in  a  detection  signal 
and  the  difference  in  brightness  between  adjacent 
television  scanning  lines. 

In  addition,  since  the  filter  means  has  flat  fre- 
quency  response  characteristics  in  a  plurality  of 
frequency  regions,  it  is  possible  to  avoid  degrada- 
tion  of  pulse  response  characteristics  of  the  detec- 
tion  signal.  As  a  result,  it  is  possible  to  produce  a 
tomographic  image  of  high  resolution  up  to  the 
resolution  limit  of  the  television  scanning  line  of  the 
display  means  without  impairing  the  image  quality. 

Claims 

1.  An  ultrasonic  imaging  system  comprising: 
an  ultrasonic  probe  (11)  for  transmitting 

and  receiving  an  ultrasonic  wave; 
driver  means  (12)  for  driving  said  ultra- 

sonic  probe  (11); 
detector  means  (15)  for  detecting  an  echo 

signal  received  by  said  ultrasonic  probe  (11); 
filter  means  (18)  being  operative  to  pass  a 

detection  signal  therethrough  and  having  a  plu- 
rality  of  passbands  which  have  respective  flat 
frequency  response  characteristics  and  re- 
spective  gains  different  from  each  other; 

scanning  conversion  means  (16)  for  con- 
verting  the  detection  signal,  which  has  passed 
through  said  filter  means  (18),  to  a  display 
signal;  and 

display  means  (17)  for  displaying  thereon 
the  display  signal  converted  by  said  scanning 
conversion  means  (16)  in  the  form  of  a  tomo- 
graphic  image. 

2.  An  ultrasonic  imaging  system  according  to 
claim  1,  wherein  the  respective  gains  of  the 
plurality  of  passbands  of  said  filter  means  (18) 
are  set  so  as  to  decrease  toward  higher  fre- 
quency  passbands. 

3.  An  ultrasonic  imaging  system  according  to 
claim  1,  wherein  said  filter  means  (18)  com- 
prises  an  inverting  amplifier  (31)  having  one 
input  terminal  supplied  with  an  input  signal 
through  an  input  resistor  (R),  said  inverting 
amplifier  (31)  being  connected  with  a  negative 

feedback  circuit  composed  of  a  resistor  (Rf1) 
connected  between  the  one  input  terminal  and 
an  output  terminal  of  said  inverting  amplifier 
(31)  and  a  series  circuit  of  a  capacitor  (Cf)  and 

5  a  resistor  (Rf2)  connected  in  parallel  with  said 
resistor  (Rf1). 

4.  An  ultrasonic  imaging  system  according  to 
claim  2,  wherein  said  filter  means  (18)  com- 

io  prises  an  inverting  amplifier  (31)  having  one 
input  terminal  supplied  with  an  input  signal 
through  an  input  resistor  (R),  said  inverting 
amplifier  (31)  being  connected  with  a  negative 
feedback  circuit  composed  of  a  resistor  (Rf1) 

is  connected  between  the  one  input  terminal  and 
an  output  terminal  of  said  inverting  amplifier 
(31)  and  a  series  circuit  of  a  capacitor  (Cf)  and 
a  resistor  (Rf2)  connected  in  parallel  with  said 
resistor  (Rf1). 
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