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An  apparatus  for  obtaining  information  on  the  interior  of  an  object. 

©  An  apparatus  for  obtaining  information  on  the 
interior  of  an  object  (3),  comprising  irradiating  means 
(2)  for  applying  an  electromagnetic  wave  or  ultra- 
sonic  wave  to  an  object  being  measured,  detecting 
means  (4)  for  detecting  the  electromagnetic  wave  or 

*J  ultrasonic  wave  passed  through  and  scattered  inside 
^ t h e   object  (3),  a  holder  (8)  for  supporting  the  irradiat- 
Oing  means  (2)  and  the  detecting  means  (4)  in  such  a 
2   manner  that  the  irradiating  means  (2)  and  the  detect- 
00 ing  means  (4)  are  slidable  and  position  detecting 
00  means  (17,  18,  19,  20)  for  detecting  the  position  data 
CM 
CO of  the  irradiating  means  (2)  and  the  detecting  means 

(4)  with  respect  to  the  holder  (8). 
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AN  APPARATUS  FOR  OBTAINING  INFORMATION  ON  THE  INTERIOR  OF  AN  OBJECT 

BACKGROUND  OF  THE  INVENTION 

An  object  of  the  invention  is  to  provide  an 
apparatus  for  measuring  the  interior  of  an  object  to 
be  measured,  in  which  boundary  conditions  for  an 
image  reconstruction  can  be  determined. 

The  foregoing  object  of  the  invention  has  been 
achieved  by  the  provision  of  the  apparatus  com- 
prising:  irradiating  means  for  applying  an  elec- 
tromagnetic  wave  or  ultrasonic  wave  to  an  object 
being  measured;  detecting  means  for  detecting  the 
electromagnetic  wave  or  ultrasonic  wave  affected 
by  the  object;  a  holding  means  for  supporting  the 
irradiating  means  and  the  detecting  means  in  such 
a  manner  that  the  irradiating  means  and  the  detect- 
ing  means  are  slidable;  and  position  detecting 
means  for  detecting  the  position  data  of  the  irra- 
diating  means  and  the  detecting  means  with  re- 
spect  to  the  holding  means. 

According  to  this  invention,  an  electromagnetic 
or  ultrasonic  wave  is  applied  to  an  object  being 
measured  by  the  irradiating  means  and  the  elec- 
tromagnetic  or  ultrasonic  wave  passed  through  and 
scattered  by  the  interior  of  the  object  is  detected 
by  the  detecting  means,  thereby  to  perform  an 
image  reconstruction  and  obtain  information  on  the 
interior  of  the  object.  In  order  to  perform  the  image 
reconstruction  according  to  the  electromagnetic  or 
ultrasonic  wave,  it  is  essential  to  have  the  boundary 
conditions;  i.e.,  the  configuration  data  of  the  object. 
In  order  to  meet  this  requirement,  according  to  this 
invention,  the  irradiating  means  and  the  detecting 
means  are  slidably  supported  by  the  holding 
means  and  those  means  are  brought  into  contact 
with  the  object  under  suitable  pressure  during  mea- 
surement  of  the  object  while  the  position  data  of 
the  irradiating  means  and  the  detecting  means  with 
respect  to  the  holding  means  are  detected  by  the 
position  detecting  means,  thereby  readily  deter- 
ming  the  boundary  conditions. 

This  invention  relates  to  an  apparatus  for  ob- 
taining  information  on  the  interior  of  an  abject  for 
use  in  a  CT  (computer  tomography)  apparatus,  and 
more  particularly  to  an  apparatus  for  applying  an 
electromagnetic  wave  such  as  a  light  beam,  X-rays 
or  gamma  rays  or  an  ultrasonic  wave  to  an  object 
under  measurement,  and  detect  the  electromag- 
netic  wave  or  the  ultrasonic  wave  affected  by  the 
interior  of  the  object,  thereby  to  obtain  information 
on  the  interior  of  the  object. 

In  a  conventional  apparatus  for  obtaining  in- 
formation  on  the  interior  of  an  object  such  as  an 
organism,  an  electromagnetic  wave  source  located 
at  a  certain  position  outside  the  object  applies  an 
electromagnetic  wave  to  the  object,  and  the  elec- 
tromagnetic  wave  affected  by  the  interior  of  the 
object  is  detected  at  plural  locations.  In  this  case, 
in  addition  to  the  straightly-propagating  component 
of  the  electromagnetic  wave,  the  components  scat- 
tered  by  the  object  are  also  positively  utilized  so 
that  the  relationships  between  the  electromagnetic 
waves  thus  detected  are  analyzed  to  perform  an 
image  reconstruction,  thereby  to  obtain  information 
on  the  interior  of  the  object.  Such  a  conventional 
apparatus  is  disclosed  in  detail  in  Japanese  unex- 
amined  published  patent  application  No. 
124443/87. 

In  the  case  of  an  X-ray  CT  apparatus,  only  the 
straightly-propagating  component  of  the  X-rays  in 
the  interior  of  the  object  under  measurement  is 
detected.  In  this  case,  the  X-ray  irradiating  position 
and  the  X-ray  detecting  position  are  not  important 
factors  in  the  image  reconstruction. 

On  the  other  hand,  for  the  above-described 
conventional  apparatus  for  obtaining  information  on 
the  interior  of  an  object  in  which  the  scattered 
components  of  the  electromagnetic  wave  are  posi- 
tively  utilized,  the  positions  of  an  electromagnetic 
wave  irradiating  point  and  a  number  of  electromag- 
netic  wave  detecting  points  are  essential  for  the 
image  reconstruction  because  boundary  conditions 
for  the  image  reconstruction  cannot  be  determined 
if  those  positions  are  unknown  and  it  is  difficult  to 
form  a  CT  image.  In  the  case  where  the  object  is 
an  organism,  no  suitable  means  is  available  for 
detecting  the  positions  of  the  electromagnetic  wave 
irradiating  position  and  the  electromagnetic  wave 
detecting  positions  because  the  organism  is  gen- 
erally  intricate  in  configuration  and  not  rigid. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

45 
FIG.  1  is  schematic  diagram  showing  the 

arrangement  of  one  example  of  an  apparatus  for 
obtaining  information  on  the  interior  of  an  object 
according  to  this  invention;  and 

so  FIG.  2  is  a  schematic  diagram  showing  a 
part  of  a  holder  in  the  apparatus  of  the  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
SUMMARY  OF  THE  INVENTION 
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resistor  17,  and  another  lead  wire  20  is  connected 
to  the  contact  terminal  18  so  that  the  electrical 
resistance  between  the  lead  wires  19  and  20  is 
changed  as  the  fiber  fixing  cylinder  10  moves. 

5  Therefore,  when  the  end  of  the  fiber  fixing  cylinder 
10  is  abutted  against  the  object  3,  the  position  of 
the  end  of  the  fiber  fixing  cylinder  10  with  respect 
to  the  holder  13;  that  is,  the  distance  between  the 
holder  body  13  and  the  part  of  the  object  against 

10  which  the  end  of  the  fiber  fixing  cylinder  10  abuts 
can  be  determined  by  the  electrical  resistance  be- 
tween  the  two  lead  wires  19  and  20. 

The  operation  of  the  apparatus  thus  construct- 
ed  will  be  described. 

;5  The  holder  8  supporting  the  irradiating  ele- 
ments  6  and  the  detecting  elements  7;  that  is,  the 
fiber  fixing  cylinders  1  0  is  mounted  on  an  object  3 
being  measured.  The  ends  of  the  fiber  fixing  cyl- 
inders  10  are  so  positioned  that  they  are  suitably 

20  pushed  against  the  object  by  means  of  the  springs 
14,  and  that  the  electromagnetic  wave  from  the 
source  5  are  positively  applied  to  the  object  3 
through  the  irradiating  ends  6a  of  the  irradiating 
elements  6  and  the  electromagnetic  waves  from 

25  the  object  3  are  positively  supplied  to  the  detecting 
unit  9  through  the  detecting  ends  7a  of  the  detect- 
ing  elements  7.  In  this  operation,  data  on  the  posi- 
tion  of  the  end  of  each  fiber  fixing  cylinder  10  is 
detected  through  measurement  of  the  resistance 

30  between  the  lead  wires  19  and  20,  and  is  then 
applied,  for  instance,  to  a  computer.  Thus,  the 
distances  of  the  irradiating  ends  6a  of  the  irradiat- 
ing  elements  6  and  the  detecting  ends  7a  of  the 
detecting  elements  7  from  the  holder  8,  that  is,  the 

35  position  data  thereof  can  be  automatically  obtained. 
In  the  computer,  the  position  data  are  standardized 
in  consideration  of  the  configuration  of  the  object  3 
to  thereby  obtain  the  relative  positions  of  the  irra- 
diating  ends  6a  and  the  detecting  ends  7a. 

40  Thus,  even  in  the  case  where  the  object  3  is  an 
organism  which  is  generally  intricate  in  configura- 
tion  and  is  not  rigid,  the  positions  of  the  irradiating 
ends  of  the  irradiating  elements  and  the  detecting 
ends  of  the  detecting  elements  can  be  readily 

45  measured  with  the  holder  mounted  on  the  object. 
Since  the  measurement  is  performed  at  real  time, 
the  movement  of  the  object  3  also  can  be  mon- 
itored  by  the  apparatus  of  this  invention. 

In  the  case  where  the  apparatus  has  a  number 
so  of  irradiating  elements  6  and  a  number  of  detecting 

elements  7  as  shown  in  FIG.  1  ,  the  position  data  of 
the  irradiating  ends  6a  of  the  irradiating  elements  6 
and  the  detecting  ends  7a  of  the  detecting  ele- 
ments  7  represent  the  configuration  data  of  the 

55  measurement  part  of  the  object  3.  Therefore,  in 
reconstructing  an  image  by  detecting  the  elec- 
tromagnetic  waves  scattered  by  the  object  3,  the 
boundary  conditions  can  be  determined  according 

A  preferred  embodiment  of  this  invention  will 
be  described  with  reference  to  the  accompanying 
drawings. 

As  shown  in  FIG.  1,  the  apparatus  of  the 
present  invention  comprises  irradiating  means  2  for 
applying  an  electromagnetic  wave  to  an  object  3 
and  detecting  means  4  for  detecting  the  elec- 
tromagnetic  waves  passed  through  the  object  3 
and  scattered  inside  the  object. 

The  irradiating  means  2  comprises  a  wave 
source  5  for  outputting  an  electromagnetic  wave, 
and  irradiating  elements  6  for  guiding  the  output 
electromagnetic  wave  of  the  source  5  and  applying 
it  to  the  object  3.  The  detecting  means  4  com- 
prises  detecting  elements  7  for  receiving  electro- 
magnetic  waves  from  the  object  3,  and  a  detecting 
unit  9  for  obtaining  information  on  the  interior  of  the 
object  3  on  the  basis  of  the  electromagnetic  waves 
outputted  from  the  detecting  elements  7.  The  irra- 
diating  elements  6  and  the  detecting  elements  7 
are  supported  by  a  holder  8  in  such  a  manner  that 
they  are  slidable  relatively  to  the  holder. 

FIG.  2  shows  a  part  of  the  holder  8  which 
supports  the  irradiating  elements  6  and  the  detect- 
ing  elements  7.  As  shown  in  FIG.  2,  the  irradiating 
element  6  or  the  detecting  element  7  comprises  a 
fiber  fixing  cylinder  10,  and  a  fiber  11  fixedly 
inserted  into  the  cylinder  10.  The  holder  8  com- 
prises  a  holder  body  13,  and  springs  14  holding 
the  irradiating  elements  6  and  the  detecting  ele- 
ments  7,  that  is,  the  fiber  fixing  cylinders  10. 

The  holder  body  13  may  be  shaped  in  cor- 
respondence  with  the  configuration  of  an  object  3 
being  measured.  For  instance,  in  the  case  where 
the  object  3  is  the  man's  head,  the  holder  body  13 
may  be  in  the  form  of  a  semispherical  helmet.  The 
holder  body  13  has  annular  members  15  at  the 
positions  at  which  the  fiber  fixing  cylinders  10  are 
supported.  The  annular  members  15  have  through- 
holes  12,  respectively.  The  fiber  fixing  cylinders  10 
are  slidably  extended  respectively  through  the 
through-holes  12  towards  the  object  3.  The  springs 
14  are  positioned  along  the  annular  members  15. 
One  end  of  each  spring  14  is  secured  to  the  holder 
13  while  the  other  end  is  secured  to  the  flange  16 
of  the  fiber  fixing  cylinder  10  so  that  the  fiber  fixing 
cylinder  10  is  urged  towards  the  object  3  and 
pushed  against  the  object  under  a  suitable  pres- 
sure. 

The  fiber  fixing  cylinder  10  has  a  resistor  17 
formed  in  the  outer  surface  thereof  in  such  a  man- 
ner  that  the  resistor  17  is  extended  along  the  axis 
of  the  cylinder  10,  and  the  annular  member  15  has 
a  contact  terminal  18,  for  instance,  at  the  upper 
end  thereof  in  such  a  manner  that  the  contact 
terminal  18  is  in  contact  with  the  resistor  17.  A  lead 
wire  19  is  connected  to  a  predetermined  point  on 
the  resistor  17,  for  instance  the  upper  end  of  the 



EP  0  328  890  A1 

3.  An  apparatus  as  claimed  in  claim  2,  wherein 
both  of  said  irradiating  element  and  said  detecting 
element  comprises  a  fiber  fixing  cylinder  and  a 
fiber  fixedly  inserted  into  said  cylinder. 

4.  An  apparatus  as  claimed  in  claim  3,  wherein 
said  holding  means  comprises  a  holder  body  and 
springs  for  holding  said  cylinders. 

5.  An  apparatus  as  claimed  in  claim  4,  wherein 
said  holder  body  has  annular  members  having 
through-holes  respectively  at  the  positions  at  which 
said  cylinders  are  supported,  and  said  cylinders 
are  slidably  extended  respectively  through  said 
through-holes  towards  the  object. 

6.  An  apparatus  as  claimed  in  claim  5,  wherein 
said  springs  are  positioned  along  said  annular 
members,  one  end  of  each  spring  being  secured  to 
said  holder  body  and  the  other  end  being  secured 
to  the  end  portion  of  each  cylinder  opposite  to  the 
object  so  that  said  cylinder  is  urged  towards  the 
object  and  pushed  against  the  object  under  a  suit- 
able  pressure. 

7.  An  apparatus  as  claimed  in  claim  5,  wherein 
each  of  said  cylinders  has  a  resistor  formed  in  the 
outer  surface  thereof  in  such  a  manner  that  said 
resistor  is  extended  along  the  axis  of  said  cylinder, 
each  of  said  annular  members  has  a  contact  termi- 
nal  in  contact  with  said  resistor,  and  two  wires  are 
connected  with  said  resistor  and  said  contact  termi- 
nal  respectively  so  that  the  electrical  resistance 
between  said  wires  is  changed  according  to  move- 
ment  of  said  cylinder. 

to  the  configuration  data  as  described  above,  and 
the  CT  image  can  be  readily  obtained.  Especially 
when  the  object  3  is  an  organism  which  greatly 
scatters  light,  the  configuration  data  are  consider- 
ably  important,  for  example,  for  determination  of  a  5 
physiological  condition  of  the  organism,  such  as 
the  distribution  of  oxygen  in  the  brain. 

In  the  above-described  embodiment,  the  posi- 
tion  data  of  the  irradiating  ends  and  the  detecting 
ends  are  detected  from  the  variation  in  electrical  m 
resistance;  however,  the  device  may  be  so  de- 
signed  that  the  position  data  are  obtained  by  other 
methods  utilizing,  for  instance,  electrostatic  capac- 
ity  or  electrostatic  induction.  Furthermore  in  the 
above-described  embodiment,  the  electromagnetic  rs 
wave  source  5  is  employed;  however,  for  instance, 
an  ultrasonic  wave  source  may  be  employed. 

As  described  above,  in  the  apparatus  accord- 
ing  to  this  invention,  the  position  data  of  the  irra- 
diating  means  and  the  detecting  means  which  are  20 
slidabiy  supported  by  the  holder  are  easily  ob- 
tained,  and  on  the  basis  of  the  position  data  thus 
detected,  the  boundary  conditions  for  image  re- 
construction  can  be  readily  determined. 

25 

Claims 

1.  An  apparatus  for  obtaining  information  on 
the  interior  of  an  object,  said  apparatus  comprising:  30 
irradiating  means  for  applying  an  electromagnetic 
wave  or  ultrasonic  wave  to  an  object  being  mea- 
sured; 
detecting  means  for  detecting  the  electromagnetic 
wave  or  ultrasonic  wave  passed  through  and  scat-  35 
tered  inside  the  object; 
holding  means  for  supporting  said  irradiating 
means  and  said  detecting  means  in  such  a  manner 
that  said  irradiating  means  and  said  detecting 
means  are  slidable;  and  40 
position  detecting  means  for  detecting  the  position 
data  of  said  irradiating  means  and  said  detecting 
means  with  respect  to  said  holding  means. 

2.  An  apparatus  as  claimed  in  claim  1  ,  wherein 
said  irradiating  means  comprises  a  wave  source  for  45 
outputting  the  electromagnetic  wave  or  ultrasonic 
wave,  and  irradiating  elements  for  guiding  the  elec- 
tromagnetic  wave  or  ultrasonic  wave  from  said 
wave  source  to  the  object,  and  wherein  said  detect- 
ing  means  comprises  detecting  elements  for  re-  50 
ceiving  the  electromagnetic  wave  or  ultrasonic 
wave  from  the  object,  and  a  detecting  unit  for 
obtaining  information  on  the  interior  of  the  object 
on  the  basis  of  the  electromagnetic  wave  or  ultra- 
sonic  wave  from  said  detecting  elements.  55 
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