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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention 

[0001]  This  invention  relates  to  an  abnormal  pattern  detecting  apparatus  wherein  an  abnormal  pattern  in  a  radiation 
image  of  an  object  is  detected  from  an  image  signal  made  up  of  a  series  of  image  signal  components  representing  the 
radiation  image.  This  invention  also  relates  to  an  abnormal  pattern  judging  apparatus  wherein,  from  an  image  signal 

10  made  up  of  a  series  of  image  signal  components  representing  a  radiation  image  of  an  object,  a  judgment  is  made  as 
to  whether  a  prospective  abnormal  pattern  designated  in  the  radiation  image  is  or  is  not  a  true  abnormal  pattern.  This 
invention  further  relates  to  a  circular  pattern  judging  method  wherein  a  judgment  is  made  as  to  the  level  of  the  probability 
that  a  predetermined  region  in  a  radiation  image  will  fall  within  the  region  corresponding  to  a  circular  pattern  in  the 
radiation  image,  and  an  apparatus  for  carrying  out  the  circular  pattern  judging  method.  This  invention  still  further  relates 

is  to  an  image  finding  apparatus  wherein  an  image  representing  a  tumor  in  a  human  body,  which  tumor  image  is  present 
in  a  radiation  image  of  the  human  body,  is  found  from  an  image  signal  made  up  of  a  series  of  image  signal  components 
representing  the  radiation  image.  This  invention  also  relates  to  an  image  display  apparatus  wherein  an  image  signal 
is  transmitted  between  a  plurality  of  image  display  means,  and  images  are  simultaneously  displayed  with  the  plurality 
of  the  image  display  means. 

20 
Description  of  the  Prior  Art 

[0002]  Techniques  for  reading  out  a  recorded  radiation  image  in  order  to  obtain  an  image  signal,  carrying  out  appro- 
priate  image  processing  on  the  image  signal,  and  then  reproducing  a  visible  image  by  use  of  the  processed  image 

25  signal  have  heretofore  been  known  in  various  fields.  For  example,  as  disclosed  in  Japanese  Patent  Publication  No. 
61  (1  986)-51  93,  an  X-ray  image  is  recorded  on  an  X-ray  film  having  a  small  gamma  value  chosen  according  to  the  type 
of  image  processing  to  be  carried  out,  the  X-ray  image  is  read  out  from  the  X-ray  film  and  converted  into  an  electric 
signal  (image  signal),  and  the  image  signal  is  processed  and  then  used  for  reproducing  the  X  ray  image  as  a  visible 
image  on  a  copy  photograph  or  the  like.  In  this  manner,  a  visible  image  having  good  image  quality  with  high  contrast, 

30  high  sharpness,  high  graininess,  or  the  like  can  be  reproduced. 
[0003]  Also,  when  certain  kinds  of  phosphors  are  exposed  to  radiation  such  as  X-rays,  a-rays,  p-rays,  y-rays,  cathode 
rays  or  ultraviolet  rays,  they  store  part  of  the  energy  of  the  radiation.  Then,  when  the  phosphor  which  has  been  exposed 
to  the  radiation  is  exposed  to  stimulating  rays  such  as  visible  light,  light  is  emitted  by  the  phosphor  in  proportion  to  the 
amount  of  energy  stored  thereon  during  its  exposure  to  the  radiation.  A  phosphor  exhibiting  such  properties  is  referred 

35  to  as  a  stimulable  phosphor.  As  disclosed  in  U.S.  Patent  Nos.  4,258,264,  4,276,473,  4,315,318,  4,387,428,  and  Jap- 
anese  Unexamined  Patent  Publication  No.  56(1  981  )-1  1395,  it  has  been  proposed  to  use  stimulable  phosphors  in  ra- 
diation  image  recording  and  reproducing  systems.  Specifically,  a  sheet  provided  with  a  layer  of  the  stimulable  phosphor 
(hereinafter  referred  to  as  a  stimulable  phosphor  sheet)  is  first  exposed  to  radiation  which  has  passed  through  an 
object  such  as  the  human  body  in  order  to  store  a  radiation  image  of  the  object  thereon,  and  is  then  scanned  with 

40  stimulating  rays,  such  as  a  laser  beam,  which  cause  it  to  emit  light  in  proportion  to  the  amount  of  energy  stored  during 
exposure  to  the  radiation.  The  light  emitted  by  the  stimulable  phosphor  sheet,  upon  stimulation  thereof,  is  photoelec- 
trically  detected  and  converted  into  an  electric  image  signal.  The  image  signal  is  then  used  to  reproduce  the  radiation 
image  of  the  object  as  a  visible  image  on  a  recording  material  such  as  photographic  film,  on  a  display  device  such  as 
a  cathode  ray  tube  (CRT),  or  the  like. 

45  [0004]  Radiation  image  recording  and  reproducing  systems  which  use  stimulable  phosphor  sheets  are  advantageous 
over  conventional  radiography  using  silver  halide  photographic  materials,  in  that  images  can  be  recorded  even  when 
the  energy  intensity  of  the  radiation  to  which  the  stimulable  phosphor  sheet  is  exposed  varies  over  a  wide  range.  More 
specifically,  since  the  amount  of  light  which  the  stimulable  phosphor  sheet  emits  when  being  stimulated  varies  over  a 
wide  range  and  is  proportional  to  the  amount  of  energy  stored  thereon  during  its  exposure  to  the  radiation,  it  is  possible 

so  to  obtain  an  image  having  a  desirable  density  regardless  of  the  energy  intensity  of  the  radiation  to  which  the  stimulable 
phosphor  sheet  was  exposed.  In  order  to  obtain  the  desired  image  density,  an  appropriate  read-out  gain  is  set  when 
the  emitted  light  is  being  detected  and  converted  into  an  electric  signal  to  be  used  in  the  reproduction  of  a  visible  image 
on  a  recording  material,  such  as  photographic  film,  or  on  a  display  device,  such  as  a  CRT. 
[0005]  Recently,  in  the  radiation  image  recording  and  reproducing  systems  which  use  X-ray  film  or  stimulable  phos- 

55  phor  sheets,  particularly  in  such  radiation  image  recording  and  reproducing  systems  designed  to  facilitate  medical 
diagnoses,  not  only  have  image  signals  been  processed  in  ways  which  ensure  that  the  visible  images  produced  from 
them  will  be  of  high  quality,  but  image  signals  have  also  been  processed  in  ways  which  allow  certain  image  patterns 
to  be  extracted  from  radiation  images.  One  type  of  processing  which  results  in  extraction  of  an  image  pattern  is  disclosed 
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in,  for  example,  U.S.  Patent  No.  4,769,850. 
[0006]  Specifically,  an  image  pattern  can  be  detected  in  a  complicated  radiation  image  by  processing  the  image 
signal  representing  it  in  various  ways.  The  image  signal  is  made  up  of  a  series  of  image  signal  components,  and  with 
appropriate  processing  the  image  signal  components  corresponding  to  a  particular  image  pattern  can  be  found.  For 

5  example,  from  a  very  complicated  radiation  image,  such  as  an  X-ray  image  of  the  chest  of  a  human  body,  which  includes 
various  linear  and  circular  patterns,  an  image  corresponding  to  a  tumor,  or  the  like,  can  be  detected. 
[0007]  After  a  pattern,  for  example,  a  tumor  image,  is  detected  in  a  complicated  radiation  image,  such  as  an  X-ray 
image  of  the  chest  of  a  human  body,  a  visible  image  is  reproduced  and  displayed  such  that  the  detected  pattern  can 
be  viewed  clearly.  Such  a  visible  image  can  serve  as  an  effective  tool  in,  particularly,  the  efficient  and  accurate  diagnosis 

10  of  an  illness. 
[0008]  U.S.  Patent  No.  4,769,850  discloses  an  apparatus  wherein  an  image  signal  representing  an  X-ray  image  of 
the  chest  of  a  human  body,  or  the  like,  is  processed  with  a  specific  filter,  which  does  not  change  with  positions  in  the 
X-ray  image,  and  a  circular  pattern  and  a  linear  pattern  are  thereby  detected.  The  detected  circular  pattern  is  displayed 
as  a  prospective  tumor  image,  and  the  detected  linear  pattern  is  displayed  as  a  blood  vessel  image. 

15  [0009]  However,  radiation  images  of  human  bodies  have  very  complicated  configurations.  For  example,  a  tumor 
image  appearing  in  close  proximity  to  a  rib  image  and  a  tumor  image  appearing  at  an  intermediate  position  between 
two  rib  images  in  an  X-ray  image  of  the  chest  of  a  human  body  will  have  different  patterns.  Therefore,  with  the  aforesaid 
conventional  apparatus  having  a  simple  configuration,  the  problem  occurs  in  that  all  of  tumor  images,  which  are  present 
in  an  X-ray  image,  cannot  be  found  accurately.  Also,  the  problem  occurs  in  that  a  pattern,  which  does  not  actually 

20  correspond  to  a  tumor  image,  is  found  by  mistake  as  a  tumor  image.  After  an  image  pattern  is  detected  and  a  visible 
image  showing  the  detected  image  pattern  is  reproduced  in,  for  example,  a  radiation  image  recording  and  reproducing 
system  designed  to  facilitate  medical  diagnoses,  a  physician  will  base  his  diagnosis  primarily  on  how  the  detected 
pattern  looks.  If  a  certain  pattern  (a  certain  tumor  image)  is  not  detected  accurately,  a  physician  may  fail  to  find  a  tumor. 
This  is  a  very  serious  problem  in  making  diagnoses. 

25  [0010]  In  order  for  the  aforesaid  problem  to  be  eliminated,  the  filter,  which  is  used  to  process  an  image  signal  rep- 
resenting  a  radiation  image,  or  the  like,  may  be  designed  such  that  all  of  patterns,  which  are  at  least  considered  as 
being  prospective  tumor  images,  can  be  detected.  However,  if  all  of  patterns,  which  are  at  least  considered  as  being 
prospective  tumor  images,  are  detected,  patterns  (noise)  which  do  not  actually  correspond  to  tumor  images  will  also 
be  detected  as  tumor  images.  Therefore,  the  reliability  of  the  automatic  image  finding  systems  becomes  bad,  and  the 

30  efficiency  of  diagnoses  cannot  be  kept  high. 
[0011]  Heretofore,  in  cases  where  no  system  for  automatically  finding  the  images  is  available,  physicians,  who  make 
diagnoses  from  X-ray  images  of  the  chests  of  human  bodies,  which  images  are  recorded  on,  for  example,  sheets  of 
X-ray  film,  have  considerably  accurately  detected  tumor  images,  from  their  knowledge  and  experience,  even  when  the 
tumor  images  are  present  at  various  positions  in  an  X-ray  image  and  have  slightly  deformed  patterns. 

35  [0012]  Therefore,  in  the  systems  for  automatically  finding  the  images,  patterns  which  do  not  actually  correspond  to 
tumor  images,  or  the  like,  should  be  eliminated  as  much  as  possible  from  the  patterns  which  have  been  found  at  least 
as  being  prospective  tumor  images,  or  the  like.  For  this  purpose,  a  higher  level  of  processing  than  the  filtering  processing 
of  an  image  signal  representing  a  radiation  image  should  be  carried  out. 

40  SUMMARY  OF  THE  INVENTION 

[0013]  The  primary  object  of  the  present  invention  is  to  provide  an  abnormal  pattern  detecting  apparatus  wherein  a 
pattern  representing  an  abnormality,  such  as  a  tumor,  in  a  radiation  image  is  detected  accurately  from  an  image  signal 
representing  the  radiation  image. 

45  [0014]  Another  object  of  the  present  invention  is  to  provide  an  abnormal  pattern  judging  apparatus  wherein  a  judg- 
ment  is  made  accurately  as  to  whether  a  prospective  abnormal  pattern,  such  as  a  prospective  tumor  image,  which  has 
been  designated  in  a  radiation  image  on  the  basis  of,  for  example,  the  results  of  the  processing  with  a  spatial-domain 
filter,  is  or  is  not  a  true  abnormal  pattern. 
[0015]  A  further  object  of  the  present  invention  is  to  provide  an  abnormal  pattern  detecting  apparatus  wherein  a 

so  pattern  representing  an  abnormality,  such  as  a  tumor,  in  a  radiation  image  is  detected  accurately  from  an  image  signal 
representing  the  radiation  image,  and  the  accuracy  with  which  an  abnormal  pattern  is  detected  is  improved  during  the 
operation  of  the  apparatus. 
[0016]  A  still  further  object  of  the  present  invention  is  to  provide  a  circular  pattern  judging  method  wherein  a  judgment 
is  made  as  to  whether  a  predetermined  region,  which  has  been  designated  in  a  radiation  image,  falls  or  does  not  fall 

55  in  a  region  composed  of  a  group  of  linear  patterns,  such  as  blood  vessel  images,  and  a  judgment  is  thereby  made 
accurately  as  to  the  level  of  the  probability  that  the  predetermined  region  will  fall  within  the  region  corresponding  to  a 
circular  pattern  in  the  radiation  image,  and  an  apparatus  for  carrying  out  the  circular  pattern  judging  method. 
[0017]  Another  object  of  the  present  invention  is  to  provide  an  abnormal  pattern  detecting  apparatus  wherein  an 
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abnormal  pattern  is  detected  accurately  from  a  radiation  image  representing  a  soft  tissue. 
[0018]  A  further  object  of  the  present  invention  is  to  provide  an  image  finding  apparatus  wherein  a  tumor  image  in 
a  radiation  image  of  a  human  body,  is  found  accurately. 
[0019]  A  still  further  object  of  the  present  invention  is  to  provide  an  image  display  apparatus  wherein  transmission 

5  and  reception  of  signals  between  a  plurality  of  image  display  means  are  carried  out  efficiently  when  images  comprising 
a  stationary  image  and  images  of  marks,  characters,  or  the  like,  superposed  on  the  stationary  image,  such  that  the 
images  of  marks,  characters,  or  the  like,  can  be  moved  or  altered,  are  displayed  with  a  plurality  of  the  image  display 
means,  or  when  enlarged  images  of  a  specific  part  are  displayed  with  a  plurality  of  the  image  display  means. 
[0020]  These  objects  are  achieved  by  an  apparatus  as  set  out  in  appended  claim  1  . 

10  [0021]  Figure  1  is  a  block  diagram  showing  the  configuration  of  the  first  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  present  invention. 
[0022]  With  reference  to  Figure  1,  an  image  signal  S1,  which  is  made  up  of  a  series  of  image  signal  components 
representing  a  radiation  image  of  an  object,  is  fed  into  a  prospective  abnormal  pattern  finding  means  1  and  an  infor- 
mation  operating  means  2. 

is  [0023]  The  prospective  abnormal  pattern  finding  means  1  carries  out  comparatively  simple  processing,  for  example, 
spatial-domain  filtering  processing,  on  the  image  signal  S1  and  finds  prospective  abnormal  patterns  C,  C,  ...  in  the 
radiation  image. 
[0024]  The  term  "abnormal  pattern"  as  used  herein  for  the  first  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention  means  a  pattern  of  an  abnormality  in  the  object,  for  example,  an  image  of  a  tumor,  a  calcified 

20  part,  a  fattened  and  thickened  pleura,  or  a  pneumothorax.  The  prospective  abnormal  pattern  finding  means  1  need 
not  necessarily  find  all  types  of  abnormal  patterns,  but  may  find  only  the  tumor  images  as  the  abnormal  patterns. 
[0025]  If  some  prospective  abnormal  patterns  are  not  found  in  the  prospective  abnormal  pattern  finding  means  1, 
they  will  be  left  undetected  ultimately.  Therefore,  in  the  prospective  abnormal  pattern  finding  means  1  ,  a  method  should 
preferably  be  employed  with  which  all  of  true  abnormal  patterns  can  be  found.  Specifically,  slight  noise  (for  example, 

25  prospective  abnormal  patterns  which  are  not  the  object  of  detection,  e.g.  which  are  not  actually  the  tumor  images,  or 
prospective  abnormal  patterns  which  do  not  actually  represent  abnormalities  of  the  object)  may  be  included  in  the 
found  prospective  abnormal  patterns. 
[0026]  The  information  operating  means  2  finds  anatomical  information  D  about  the  object  from  the  image  signal  S1  . 
[0027]  The  term  "anatomical  information"  as  used  herein  for  the  first  abnormal  pattern  detecting  apparatus  in  ac- 

30  cordance  with  the  present  invention  means  the  information  about  the  images  of  structures  of  the  object,  which  images 
appear  in  the  radiation  image.  Specifically,  the  term  "anatomical  information"  as  used  herein  means  the  information 
about  the  positions  of  images  of  the  lung  fields,  the  hilum  of  the  lung,  a  rib,  the  heart,  the  diaphragm,  or  the  like  in  an 
X-ray  image  of  the  chest.  Of  course,  the  information  operating  means  2  need  not  necessarily  discriminate  all  of  the 
images  of  the  structures  of  the  object,  which  images  appear  in  the  radiation  image,  but  may  find  only  the  necessary 

35  anatomical  information  in  accordance  with  the  type  of  the  abnormal  patterns  which  are  to  be  found.  For  example,  in 
cases  where  a  pattern  representing  an  abnormality  in  the  lungs  is  to  be  detected,  the  information  operating  means  2 
may  find  only  the  anatomical  information  about  the  images  of  the  lung  fields  and  the  hilum  of  the  lung. 
[0028]  The  information  about  the  prospective  abnormal  patterns  C,  C,  which  have  been  found  by  the  prospective 
abnormal  pattern  finding  means  1,  is  fed  into  a  characteristic  measure  calculating  means  3  together  with  the  image 

40  signal  S1  .  From  the  image  signal  components  of  the  image  signal  S1  ,  which  represent  the  image  information  at  positions 
in  the  vicinity  of  each  of  the  prospective  abnormal  patterns  C,  C,  the  characteristic  measure  calculating  means  3 
calculates  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn  for  each  of  the  prospective  abnormal  patterns  C,  C,  ... 
[0029]  The  term  "characteristic  measure"  as  used  herein  for  the  first  abnormal  pattern  detecting  apparatus  in  ac- 
cordance  with  the  present  invention  means  a  measure  which  represents  the  level  of  the  certainty  that  a  prospective 

45  abnormal  pattern  C  will  be  a  true  abnormal  pattern.  For  example,  the  term  "characteristic  measure"  as  used  herein  for 
the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  means  the  area  of  a  prospective 
abnormal  pattern  C,  the  extent  of  irregularity  of  the  shape  of  a  prospective  abnormal  pattern  C,  the  mean  value  or  the 
variance  of  the  values  of  the  image  signal  components  representing  a  prospective  abnormal  pattern  C,  or  the  ratio  of 
the  mean  value  of  the  values  of  the  image  signal  components  representing  a  prospective  abnormal  pattern  C  to  the 

so  mean  value  of  the  values  of  the  image  signal  components  representing  the  image  information  at  positions  surrounding 
the  prospective  abnormal  pattern  C  (i.e.  the  contrast).  No  limitation  is  imposed  on  which  characteristic  measures  the 
characteristic  measure  calculating  means  3  should  calculate  and  how  many  characteristic  measures  it  should  calculate. 
Which  characteristic  measures  the  characteristic  measure  calculating  means  3  should  calculate  and  how  many  char- 
acteristic  measures  it  should  calculate  may  be  determined  in  accordance  with  the  type  of  the  abnormal  patterns  which 

55  are  to  be  detected,  the  accuracy  with  which  the  abnormal  patterns  are  to  be  detected,  the  time  within  which  the  oper- 
ations  are  to  be  completed,  or  the  like. 
[0030]  The  information  about  a  plurality  of  the  characteristic  measures  F1,  F2,  Fn,  which  have  been  calculated 
by  the  characteristic  measure  calculating  means  3,  is  fed  into  an  abnormal  pattern  finding  means  4.  Also,  the  anatomical 
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information  D,  which  has  been  found  by  the  information  operating  means  2,  is  fed  into  the  abnormal  pattern  finding 
means  4.  The  abnormal  pattern  finding  means  4  utilizes  a  plurality  of  the  characteristic  measures  F1,  F2,  Fn  and 
the  anatomical  information  D  in  order  to  find  a  true  abnormal  pattern  T  from  the  prospective  abnormal  patterns  C,  C, 
which  have  been  found  by  the  prospective  abnormal  pattern  finding  means  1.  In  the  first  abnormal  pattern  detecting 

5  apparatus  in  accordance  with  the  present  invention,  no  limitation  is  imposed  on  how  the  true  abnormal  pattern  T  is 
found.  By  way  of  example,  the  following  processes  may  be  employed  for  this  purpose: 

1  )  A  neural  network  is  utilized  which  receives  the  information  about  a  plurality  of  the  characteristic  measures  F1  , 
F2,  Fn  and  which  outputs  a  measure  E  representing  the  level  of  the  probability  that  each  of  the  prospective 

10  abnormal  patterns  C,  C,  ...  will  be  the  true  abnormal  pattern. 
2)  By  way  of  example,  in  an  X-ray  image  of  the  chest,  a  tumor  image  appears  more  easily  in  regions  corresponding 
to  the  lung  fields  than  in  the  region  corresponding  to  the  hilum  of  the  lung.  Therefore,  in  cases  where  a  tumor 
image  in  an  X-ray  image  of  the  chest  is  to  be  found  as  an  abnormal  pattern,  the  information  is  utilized  which  has 
been  obtained  as  the  anatomical  information  D  and  which  discriminates  images  of  the  lung  fields  and  an  image  of 

is  the  hilum  of  the  lung  from  each  other.  Specifically,  the  measure  E,  which  represents  the  level  of  the  probability  that 
each  of  the  prospective  abnormal  patterns  C,  C,  ...  will  be  the  true  abnormal  pattern,  is  calculated  and  compared 
with  a  predetermined  threshold  value.  Thereafter,  from  the  results  of  the  comparison,  a  judgment  is  made  as  to 
whether  each  of  the  prospective  abnormal  patterns  C,  C,  ...  is  or  is  not  the  true  tumor  image.  The  predetermined 
threshold  value  is  changed  in  accordance  with  whether  a  prospective  abnormal  pattern  C  is  located  in  the  region 

20  corresponding  to  the  image  of  the  hilum  of  the  lung  or  in  the  region  corresponding  to  the  images  of  the  lung  fields. 
3)  The  information  is  utilized  which  has  been  obtained  as  the  anatomical  information  D  and  which  represents  the 
positions  of  rib  images.  In  cases  where  a  prospective  tumor  image  C  is  located  at  the  intersection  of  two  rib  images, 
the  prospective  tumor  image  C  is  regarded  as  not  being  a  true  tumor  image. 

25  [0031]  In  the  example  described  above,  the  information  about  a  plurality  of  the  characteristic  measures  F1  ,  F2, 
Fn  is  utilized  as  the  input  to  the  neural  network.  Alternatively,  the  information  about  a  plurality  of  the  characteristic 
measures  F1,  F2,  Fn  may  be  utilized  in  a  nearest  neighbor  process  (NN  process).  As  another  alternative,  the  in- 
formation  about  a  plurality  of  the  characteristic  measures  F1  ,  F2,  Fn  may  be  utilized  in  a  process  with  which  each 
of  the  characteristic  measures  F1  ,  F2,  Fn  is  simply  compared  with  a  threshold  value.  As  a  further  alternative,  the 

30  information  about  a  plurality  of  the  characteristic  measures  F1  ,  F2,  Fn  maybe  utilized  in  a  process  which  is  composed 
of  a  plurality  of  the  processes  described  above,  or  the  like.  As  a  still  further  alternative,  the  information  about  a  plurality 
of  the  characteristic  measures  F1  ,  F2,  Fn  may  be  utilized  together  with  the  anatomical  information  D.  For  example, 
the  anatomical  information  D  may  be  fed  into  the  neural  network  together  with  the  information  about  a  plurality  of  the 
characteristic  measures  F1,  F2,  Fn. 

35  [0032]  The  information  about  the  abnormal  pattern  T,  which  has  ultimately  been  detected,  is  fed  out  of  the  first  ab- 
normal  pattern  detecting  apparatus  in  accordance  with  the  present  invention.  Thereafter,  for  example,  specific  image 
processing  is  carried  out  on  the  image  signal  components  representing  the  abnormal  pattern  in  the  radiation  image. 
Also,  the  image  signal  representing  the  radiation  image  is  stored  together  with  the  information  about  the  abnormal 
pattern.  A  visible  image  is  then  reproduced  and  displayed,  in  which  the  position  of  the  abnormal  pattern  is  shown  clearly. 

40  [0033]  The  functions  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  need 
not  necessarily  be  divided  into  the  blocks  1  through  4  shown  in  Figure  1.  It  is  only  necessary  that  the  first  abnormal 
pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  substantially  provided  with  the  functions  cor- 
responding  to  the  blocks  1  through  4  shown  in  Figure  1  .  For  example,  in  the  first  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  present  invention,  the  spatial-domain  filtering  processing  for  finding  the  prospective  abnormal 

45  patterns  (i.e.  the  function  of  the  prospective  abnormal  pattern  finding  means  1)  and  the  process  for  finding  the  char- 
acteristic  measures,  such  as  the  area  and  the  shape  of  each  prospective  abnormal  pattern  (i.e.  the  function  of  the 
characteristic  measure  calculating  means  3)  may  be  carried  out  simultaneously. 
[0034]  With  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  all  of  the  pro- 
spective  abnormal  patterns  are  found  regardless  of  whether  noise  is  found  together  with  them.  On  the  basis  of  a  plurality 

so  of  the  characteristic  measures  and  the  anatomical  information,  a  true  abnormal  pattern  is  found  from  the  prospective 
abnormal  patterns.  Therefore,  all  of  the  abnormal  patterns,  which  are  present  in  the  radiation  image,  can  be  found 
reliably,  and  the  problem  does  not  occur  in  that  a  pattern,  which  is  not  actually  an  abnormal  pattern,  is  detected  as  an 
abnormal  pattern.  Accordingly,  true  abnormal  patterns  can  be  detected  accurately. 
[0035]  As  described  above,  the  abnormal  pattern  finding  means  4  may  be  provided  with  the  neural  network,  which 

55  receives  the  information  about  a  plurality  of  the  characteristic  measures  and  which  outputs  a  measure  representing 
the  level  of  the  probability  that  each  of  the  prospective  abnormal  patterns  will  be  the  true  abnormal  pattern.  In  such 
cases,  the  accuracy  with  which  the  abnormal  patterns  are  detected  can  be  improved  even  further  by  virtue  of  the 
learning  function  of  the  neural  network. 
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[0036]  The  present  invention  also  provides  an  abnormal  pattern  judging  apparatus  wherein,  from  an  image  signal 
made  up  of  a  series  of  image  signal  components  representing  a  radiation  image  of  an  object,  a  judgment  is  made  as 
to  whether  a  prospective  abnormal  pattern  designated  in  the  radiation  image  is  or  is  not  a  true  abnormal  pattern, 

the  abnormal  pattern  judging  apparatus  comprising: 
5 

i)  an  operation  means  for  calculating  a  plurality  of  characteristic  measures  from  the  image  signal  components  of 
said  image  signal,  which  represent  the  image  information  at  positions  in  the  vicinity  of  said  prospective  abnormal 
pattern,  and 
ii)  a  neural  network,  which  receives  the  information  about  the  plurality  of  said  characteristic  measures  and  which 

10  outputs  a  measure  representing  the  level  of  the  probability  that  said  prospective  abnormal  pattern  will  be  the  true 
abnormal  pattern. 

[0037]  A  plurality  of  the  characteristic  measures  should  preferably  include  at  least  one  of  the  area,  the  shape,  and 
the  contrast  of  the  prospective  abnormal  pattern. 

is  [0038]  The  term  "abnormal  pattern"  as  used  herein  for  the  abnormal  pattern  judging  apparatus  in  accordance  with 
the  present  invention  means  a  pattern  of  an  abnormality  in  the  object,  for  example,  an  image  of  a  tumor,  a  calcified 
part,  a  fattened  and  thickened  pleura,  or  a  pneumothorax.  The  abnormal  pattern  judging  apparatus  in  accordance  with 
the  present  invention  need  not  necessarily  make  judgments  as  to  all  types  of  abnormal  patterns,  but  may  make  judg- 
ments  as  to  only  the  tumor  images. 

20  [0039]  No  limitation  is  imposed  on  how  the  abnormal  pattern  is  designated.  For  example,  the  abnormal  pattern  may 
be  designated  by  processing  the  image  signal,  which  represents  the  radiation  image,  with  a  spatial-domain  filter.  Al- 
ternatively,  a  person  who  observes  the  radiation  image  may  manually  designate  the  abnormal  pattern. 
[0040]  The  term  "characteristic  measure"  as  used  herein  for  the  abnormal  pattern  judging  apparatus  in  accordance 
with  the  present  invention  means  a  measure  which  represents  the  level  of  the  certainty  that  a  prospective  abnormal 

25  pattern,  which  has  been  designated,  will  be  a  true  abnormal  pattern.  For  example,  the  term  "characteristic  measure" 
as  used  herein  for  the  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  means  the  area 
of  a  prospective  abnormal  pattern,  the  extent  of  irregularity  of  the  shape  of  a  prospective  abnormal  pattern,  the  mean 
value  or  the  variance  of  the  values  of  the  image  signal  components  representing  a  prospective  abnormal  pattern,  or 
the  ratio  of  the  mean  value  of  the  values  of  the  image  signal  components  representing  a  prospective  abnormal  pattern 

30  to  the  mean  value  of  the  values  of  the  image  signal  components  representing  the  image  information  at  positions  sur- 
rounding  the  prospective  abnormal  pattern  (i.e.  the  contrast  of  the  abnormal  pattern  with  the  surrounding  image  areas). 
No  limitation  is  imposed  on  which  characteristic  measures  the  operation  means  should  calculate  and  how  many  char- 
acteristic  measures  it  should  calculate.  Which  characteristic  measures  the  operation  means  should  calculate  and  how 
many  characteristic  measures  it  should  calculate  may  be  determined  in  accordance  with  the  type  of  the  abnormal 

35  pattern  which  is  the  object  of  the  judgment,  the  accuracy  with  which  the  judgment  is  to  be  made  as  to  whether  the 
prospective  abnormal  pattern  designated  in  the  radiation  image  is  or  is  not  a  true  abnormal  pattern,  the  time  within 
which  the  operations  are  to  be  completed,  or  the  like.  As  will  be  described  later,  the  area,  the  shape,  and  the  contrast 
of  a  prospective  abnormal  pattern  represent  the  level  of  the  certainty  that  the  prospective  abnormal  pattern  will  be  a 
true  abnormal  pattern.  Therefore,  as  the  input  to  the  neural  network,  the  information  representing  at  least  one  of  the 

40  area,  the  shape,  and  the  contrast  of  a  prospective  abnormal  pattern  should  preferably  be  employed. 
[0041]  The  neural  network  utilizes  the  algorithms  which  model  after  the  function  of  brains  of  the  human. 
[0042]  With  the  abnormal  pattern  judging  apparatus  in  accordance  with  the  present  invention,  a  plurality  of  charac- 
teristic  measures  F1  ,  F2,  Fn  are  calculated  from  the  image  signal  components  of  the  image  signal,  which  represent 
the  image  information  at  positions  in  the  vicinity  of  the  designated  prospective  abnormal  pattern.  The  information  about 

45  a  plurality  of  the  characteristic  measures  is  fed  into  the  neural  network.  The  neural  network  outputs  a  measure  which 
represents  the  level  of  the  probability  that  the  prospective  abnormal  pattern  will  be  the  true  abnormal  pattern.  In  cases 
where  the  neural  network  is  provided  with  the  learning  function  by  back  propagation  method,  it  can  learn  knowledge 
and  experience,  and  therefore  can  accurately  judge  whether  the  prospective  abnormal  pattern  is  or  is  not  a  true  ab- 
normal  pattern.  The  term  "learning  function  by  back  propagation  method"  as  used  herein  means  the  learning  algorithms 

so  in  a  neural  network,  with  which  the  output  of  the  neural  network  is  compared  with  a  correct  answer  (an  instructor  signal), 
and  the  weight  of  connections  (i.e.  the  weight  of  synapse  connections)  is  corrected  sequentially  from  the  output  side 
to  the  input  side  of  the  neural  network.  (Such  functions  are  described  in,  for  example,  "Learning  representations  by 
back-propagating  errors"  by  D.  E.  Rumelhart,  G.  E.  Hinton  and  R.  J.  Williams,  Nature,  323-9,533-356,  1986a;  "Back- 
propagation"  by  Hideki  Aso,  Computrol,  No.  24,  pp.  53-60;  and  "Neural  Computer"  by  Kazuyuki  Aihara,  the  publishing 

55  bureau  of  Tokyo  Denki  University. 
[0043]  Also,  as  described  above,  the  area,  the  shape,  and  the  contrast  of  a  prospective  abnormal  pattern  represent 
the  level  of  the  certainty  that  the  prospective  abnormal  pattern  will  be  a  true  abnormal  pattern.  Therefore,  in  cases 
where  the  characteristic  measures  include  at  least  one  of  the  area,  the  shape,  and  the  contrast  of  a  prospective  ab- 
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normal  pattern,  the  accuracy,  with  which  the  judgment  is  made  as  to  whether  the  prospective  abnormal  pattern  desig- 
nated  in  the  radiation  image  is  or  is  not  a  true  abnormal  pattern,  can  be  improved  even  further. 
[0044]  Figure  1  4  is  a  block  diagram  showing  the  configuration  of  the  second  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  present  invention. 

5  [0045]  With  reference  to  Figure  14,  an  image  signal  S1,  which  is  made  up  of  a  series  of  image  signal  components 
representing  a  radiation  image  of  an  object,  is  fed  into  a  first  prospective  abnormal  pattern  finding  means  51  . 
[0046]  The  first  prospective  abnormal  pattern  finding  means  51  carries  out  comparatively  simple  processing,  for 
example,  spatial-domain  filtering  processing,  on  the  image  signal  S1  and  finds  prospective  abnormal  patterns  C,  C,  ... 
in  the  radiation  image. 

10  [0047]  The  term  "abnormal  pattern"  as  used  herein  for  the  second  abnormal  pattern  detecting  apparatus  in  accord- 
ance  with  the  present  invention  means  a  pattern  of  an  abnormality  in  the  object,  for  example,  an  image  of  a  tumor,  a 
calcified  part,  a  fattened  and  thickened  pleura,  or  a  pneumothorax.  The  first  prospective  abnormal  pattern  finding 
means  51  need  not  necessarily  find  all  types  of  abnormal  patterns,  but  may  find  only  the  tumor  images  as  the  abnormal 
patterns. 

is  [0048]  If  some  prospective  abnormal  patterns  are  not  found  in  the  first  prospective  abnormal  pattern  finding  means 
51,  they  will  be  left  undetected  ultimately.  Therefore,  in  the  first  prospective  abnormal  pattern  finding  means  51,  a 
method  should  preferably  be  employed  with  which  all  of  true  abnormal  patterns  can  be  found.  Specifically,  slight  noise 
(for  example,  prospective  abnormal  patterns  which  are  not  the  object  of  detection,  e.g.  which  are  not  actually  the  tumor 
images,  or  prospective  abnormal  patterns  which  do  not  actually  represent  abnormalities  of  the  object)  may  be  included 

20  in  the  found  prospective  abnormal  patterns. 
[0049]  The  information  about  the  prospective  abnormal  patterns  C,  C,  which  have  been  found  by  the  first  pro- 
spective  abnormal  pattern  finding  means  51  ,  is  fed  into  a  characteristic  measure  calculating  means  52  together  with 
the  image  signal  S1  .  From  the  image  signal  components  of  the  image  signal  S1  ,  which  represent  the  image  information 
at  positions  in  the  vicinity  of  each  of  the  prospective  abnormal  patterns  C,  C,  the  characteristic  measure  calculating 

25  means  52  calculates  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn  for  each  of  the  prospective  abnormal  patterns 
C,  C,  ... 
[0050]  The  term  "characteristic  measure"  as  used  herein  for  the  second  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  present  invention  means  a  measure  which  represents  the  level  of  the  certainty  that  a  prospective 
abnormal  pattern  C  will  be  a  true  abnormal  pattern.  For  example,  the  term  "characteristic  measure"  as  used  herein  for 

30  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  means  the  area  of  a  pro- 
spective  abnormal  pattern  C,  the  extent  of  irregularity  of  the  shape  of  a  prospective  abnormal  pattern  C,  the  mean 
value  or  the  variance  of  the  values  of  the  image  signal  components  representing  a  prospective  abnormal  pattern  C,  or 
the  ratio  of  the  mean  value  of  the  values  of  the  image  signal  components  representing  a  prospective  abnormal  pattern 
C  to  the  mean  value  of  the  values  of  the  image  signal  components  representing  the  image  information  at  positions 

35  surrounding  the  prospective  abnormal  pattern  C  (i.e.  the  contrast).  No  limitation  is  imposed  on  which  characteristic 
measures  the  characteristic  measure  calculating  means  52  should  calculate  and  how  many  characteristic  measures 
it  should  calculate.  Which  characteristic  measures  the  characteristic  measure  calculating  means  52  should  calculate 
and  how  many  characteristic  measures  it  should  calculate  may  be  determined  in  accordance  with  the  type  of  the 
abnormal  patterns  which  are  to  be  detected,  the  accuracy  with  which  the  abnormal  patterns  are  to  be  detected,  the 

40  time  within  which  the  operations  are  to  be  completed,  or  the  like. 
[0051]  The  information  about  a  plurality  of  the  characteristic  measures  F1,  F2,  Fn,  which  have  been  calculated 
by  the  characteristic  measure  calculating  means  52,  is  fed  into  a  second  prospective  abnormal  pattern  finding  means 
53.  The  second  prospective  abnormal  pattern  finding  means  53  utilizes  a  plurality  of  the  characteristic  measures  F1  , 
F2,  Fn  in  order  to  find  a  prospective  abnormal  pattern  T,  which  has  a  high  probability  of  being  a  true  abnormal 

45  pattern,  from  the  prospective  abnormal  patterns  C,  C,  which  have  been  found  by  the  first  prospective  abnormal 
pattern  finding  means  51  .  (The  prospective  abnormal  pattern  T  will  hereinbelow  be  often  referred  to  as  the  abnormal 
pattern  T.)  In  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  no  limitation 
is  imposed  on  how  the  abnormal  pattern  T  is  found.  For  this  purpose,  by  way  of  example,  a  neural  network  is  utilized 
which  receives  the  information  about  a  plurality  of  the  characteristic  measures  F1,  F2,  Fn  and  which  outputs  a 

so  measure  E  representing  the  level  of  the  probability  that  each  of  the  prospective  abnormal  patterns  C,  C,  ...  will  be  the 
true  abnormal  pattern.  From  the  measure  E,  a  judgment  is  made  as  to  whether  each  of  the  prospective  abnormal 
patterns  C,  C,  ...  is  or  is  not  an  abnormal  pattern  T. 
[0052]  In  the  example  described  above,  the  information  about  a  plurality  of  the  characteristic  measures  F1  ,  F2, 
Fn  is  utilized  as  the  input  to  the  neural  network.  Alternatively,  the  information  about  a  plurality  of  the  characteristic 

55  measures  F1,  F2,  Fn  may  be  utilized  in  a  nearest  neighbor  process  (NN  process).  As  another  alternative,  the  in- 
formation  about  a  plurality  of  the  characteristic  measures  F1  ,  F2,  Fn  may  be  utilized  in  a  process  with  which  each 
of  the  characteristic  measures  F1  ,  F2,  Fn  is  simply  compared  with  a  threshold  value.  As  a  further  alternative,  the 
information  about  a  plurality  of  the  characteristic  measures  F1  ,  F2,  Fn  maybe  utilized  in  a  process  which  is  composed 
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of  a  plurality  of  the  processes  described  above,  or  the  like. 
[0053]  The  information  about  the  abnormal  pattern  T,  which  has  been  detected  in  the  manner  described  above,  is 
fed  into  a  display  means  54  together  with  the  image  signal  S1  .  The  display  means  54  displays  a  visible  image  in  which 
the  abnormal  pattern  T  is  shown  clearly.  No  limitation  is  imposed  on  how  the  abnormal  pattern  T  is  displayed.  For 

5  example,  the  abnormal  pattern  T  may  be  indicated  by  an  arrow  in  the  visible  image.  Alternatively,  the  abnormal  pattern 
T  may  be  displayed  in  a  different  color  and  with  different  image  density  from  the  other  part  of  the  visible  image.  As 
another  alternative,  characters,  marks,  or  the  like,  which  indicate  the  position  of  the  abnormal  pattern  T,  may  be  dis- 
played  at  a  peripheral  part  of  the  visible  image. 
[0054]  The  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  also  provided 

10  with  an  input  means  55.  With  the  input  means  55,  a  person,  who  observes  the  visible  image  displayed  with  the  display 
means  54,  inputs  the  information  I  about  whether  the  abnormal  pattern  T  shown  in  the  visible  image  is  or  is  not  a  true 
abnormal  pattern. 
[0055]  The  information  I  is  fed  into  the  second  prospective  abnormal  pattern  finding  means  53.  The  second  prospec- 
tive  abnormal  pattern  finding  means  53  is  provided  with  a  learning  function,  with  which  the  operations  for  finding  the 

is  abnormal  pattern  T  from  the  prospective  abnormal  patterns  C,  C,  ...  are  changed  in  accordance  with  the  information 
I.  In  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  no  limitation  is  imposed 
on  the  type  of  the  learning  function.  By  way  of  example,  the  second  prospective  abnormal  pattern  finding  means  53  is 
provided  with  a  neural  network  having  the  learning  function  by  back  propagation  method,  in  which  the  information  I  is 
utilized  as  the  instructor  signal.  The  learning  is  carried  out  in  which,  as  the  information  I  is  fed  into  the  neural  network, 

20  the  weight  of  connections  (i.e.  the  weight  of  synapse  connections)  is  corrected. 
[0056]  The  functions  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention 
need  not  necessarily  be  divided  into  the  blocks  51  through  55  shown  in  Figure  1  4.  It  is  only  necessary  that  the  second 
abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  substantially  provided  with  the  func- 
tions  corresponding  to  the  blocks  51  through  55  shown  in  Figure  14.  For  example,  in  the  second  abnormal  pattern 

25  detecting  apparatus  in  accordance  with  the  present  invention,  the  spatial-domain  filtering  processing  for  finding  the 
prospective  abnormal  patterns  C,  C,  ...  (i.e.  the  function  of  the  first  prospective  abnormal  pattern  finding  means  51) 
and  the  process  for  finding  the  characteristic  measures  F1  ,  F2,  Fn,  such  as  the  area  and  the  shape  of  each  of  the 
prospective  abnormal  patterns  C,  C,  ...  (i.e.  the  function  of  the  characteristic  measure  calculating  means  52)  may  be 
carried  out  simultaneously. 

30  [0057]  In  an  embodiment  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  inven- 
tion,  the  function  of  finding  the  anatomical  information  about  the  object  may  be  provided  as  well  as  the  functions  of  the 
blocks  51  through  55  shown  in  Figure  14.  The  anatomical  information  is  fed  into  the  second  prospective  abnormal 
pattern  finding  means  53.  When  the  abnormal  pattern  T  is  found  from  the  prospective  abnormal  patterns  C,  C,  the 
anatomical  information  is  utilized  together  with  the  information  about  a  plurality  of  characteristic  measures  F1  ,  F2, 

35  Fn.  For  example,  the  information  about  a  plurality  of  the  characteristic  measures  F1  ,  F2,  Fn  may  be  utilized  together 
with  the  anatomical  information  D.  For  example,  the  anatomical  information  may  be  fed  into  the  neural  network  together 
with  the  information  about  a  plurality  of  the  characteristic  measures  F1,  F2,  Fn.  Alternatively,  when  the  output  of 
the  neural  network  (i.e.  the  measure  E,  which  represents  the  level  of  the  probability  that  each  of  the  prospective  ab- 
normal  patterns  C,  C,  ...  will  be  the  true  abnormal  pattern)  is  processed  with  a  threshold  value,  and  thereafter  a  judgment 

40  is  made,  from  the  results  of  the  comparison,  as  to  whether  each  of  the  prospective  abnormal  patterns  C,  C,  ...  is  or  is 
not  the  abnormal  pattern  T,  the  threshold  value  may  be  determined  in  accordance  with  the  anatomical  information. 
[0058]  The  term  "anatomical  information"  as  used  herein  for  the  second  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  present  invention  means  the  information  about  the  images  of  structures  of  the  object,  which  images 
appear  in  the  radiation  image.  Specifically,  the  term  "anatomical  information"  as  used  herein  means  the  information 

45  about  the  positions  of  images  of  the  lung  fields,  the  hilum  of  the  lung,  a  rib,  the  heart,  the  diaphragm,  or  the  like  in  an 
X-ray  image  of  the  chest. 
[0059]  With  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  all  of  the 
prospective  abnormal  patterns  are  found  regardless  of  whether  noise  is  found  together  with  them.  On  the  basis  of  a 
plurality  of  the  characteristic  measures,  the  abnormal  pattern  T  is  found  from  the  prospective  abnormal  patterns.  There- 

to  fore,  all  of  the  abnormal  patterns,  which  are  present  in  the  radiation  image,  can  be  found  reliably,  and  the  problem 
does  not  occur  in  that  a  pattern,  which  is  not  actually  an  abnormal  pattern,  is  detected  as  an  abnormal  pattern.  Ac- 
cordingly,  true  abnormal  patterns  can  be  detected  accurately. 
[0060]  The  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  also  provided 
with  the  display  means  54  and  the  input  means  55.  Additionally,  the  second  prospective  abnormal  pattern  finding  means 

55  53  is  provided  with  the  learning  function,  with  which  the  operations  for  finding  the  abnormal  pattern  T  from  the  pro- 
spective  abnormal  patterns  C,  C,  ...  are  changed  in  accordance  with  the  information  I.  Therefore,  the  operations  can 
be  altered  in  accordance  with  the  facility,  in  which  the  second  abnormal  pattern  detecting  apparatus  is  located,  the 
person  who  observes  the  visible  image  displayed  with  the  display  means  54,  or  the  like,  such  that  abnormal  patterns 
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can  be  detected  more  accurately. 
[0061]  As  described  above,  in  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention,  no  limitation  is  imposed  on  the  type  of  the  learning  function.  In  cases  where  the  second  prospective  abnormal 
pattern  finding  means  53  is  provided  with  the  neural  network  having  the  learning  function  by  back  propagation  method, 

5  in  which  the  information  I  received  from  the  input  means  55  is  utilized  as  the  instructor  signal,  the  accuracy  with  which 
the  abnormal  patterns  are  detected  can  be  improved  even  further. 
[0062]  Figure  15  is  a  block  diagram  showing  the  configuration  of  the  third  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  present  invention. 
[0063]  With  reference  to  Figure  15,  an  image  signal  S1,  which  is  made  up  of  a  series  of  image  signal  components 

10  representing  a  radiation  image  of  an  object,  is  fed  into  an  operation  means  61  and  a  detection  means  63. 
[0064]  The  operation  means  61  finds  anatomical  regions  D1  ,  D2,  Dn  in  the  radiation  image  of  the  object  from  the 
image  signal  S1  . 
[0065]  The  term  "anatomical  regions"  as  used  herein  for  the  third  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention  means  the  regions  corresponding  to  the  images  of  structures  of  the  object,  which  images 

is  appear  in  the  radiation  image.  Specifically,  the  term  "anatomical  regions"  as  used  herein  means  the  regions  corre- 
sponding  to  images  of  the  lung  fields,  a  rib,  the  heart,  the  diaphragm,  or  the  like  in  an  X-ray  image  of  the  chest.  Of 
course,  the  operation  means  61  need  not  necessarily  discriminate  all  of  the  regions  corresponding  to  the  images  of 
the  structures  of  the  object,  which  images  appear  in  the  radiation  image,  but  may  find  only  the  necessary  anatomical 
regions  in  accordance  with  the  type  of  the  abnormal  patterns  which  are  to  be  found.  For  example,  in  cases  where  a 

20  pattern  representing  an  abnormality  in  the  lungs  is  to  be  detected,  the  operation  means  61  may  find  only  the  regions 
corresponding  to  the  images  of  the  lung  fields  and  the  region  outside  of  the  images  of  the  lung  fields  in  a  lung  region 
image. 
[0066]  The  information  about  the  positions  of  the  anatomical  regions  D1  ,  D2,  Dn,  which  have  been  found  by  the 
operation  means  61  ,  is  fed  into  the  detection  means  63. 

25  [0067]  A  storage  means  62  stores  the  information  about  abnormal  pattern  detecting  filters  F1,  F2,  Fn,  which 
correspond  to  the  anatomical  regions  D1  ,  D2,  Dn  and  which  are  suitable  for  detecting  the  abnormal  patterns  located 
in  the  anatomical  regions  D1,  D2,  Dn. 
[0068]  The  term  "abnormal  pattern"  as  used  herein  for  the  first  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention  means  a  pattern  of  an  abnormality  in  the  object,  for  example,  an  image  of  a  tumor,  a  calcified 

30  part,  a  fattened  and  thickened  pleura,  or  a  pneumothorax.  The  detection  means  63  need  not  necessarily  find  all  types 
of  abnormal  patterns,  but  may  find  only  the  tumor  images  as  the  abnormal  patterns. 
[0069]  The  abnormal  pattern  detecting  filters  need  not  necessarily  be  different  for  different  anatomical  regions  D1  , 
D2,  Dn.  For  example,  in  cases  where  five  anatomical  regions  D1  through  D5  are  found  by  the  operation  means  61  , 
the  same  single  filter  may  be  employed  for  two  anatomical  regions  D1  and  D2.  In  cases  where  operation  algorithms 

35  employed  in  the  respective  abnormal  pattern  detecting  filters  are  substantially  different  from  one  another,  it  is,  of  course, 
regarded  that  the  abnormal  pattern  detecting  filters  are  different  from  one  another.  Also,  in  cases  where  factors,  which 
affect  the  results  of  detection,  are  even  slightly  different  in  the  abnormal  pattern  detecting  filters,  it  is  regarded  that  the 
abnormal  pattern  detecting  filters  are  different  from  one  another.  For  example,  characteristic  measures,  which  represent 
the  level  of  the  probability  that  an  image  will  be  an  abnormal  pattern,  may  be  calculated  from  the  filtering  operations, 

40  and  may  then  be  processed  with  a  threshold  value.  From  the  results  of  the  comparison,  a  judgment  may  be  made  as 
to  whether  the  image  is  or  is  not  actually  an  abnormal  pattern.  In  such  cases,  the  abnormal  pattern  detecting  filters, 
which  employ  different  threshold  values,  are  regarded  as  being  different  from  one  another. 
[0070]  The  information  about  the  abnormal  pattern  detecting  filters  F1  ,  F2,  Fn  is  fed  from  the  storage  means  62 
into  the  detection  means  63. 

45  [0071]  As  described  above,  the  detection  means  63  receives  the  image  signal  S1  representing  the  radiation  image, 
the  information  about  the  positions  of  the  anatomical  regions  D1  ,  D2,  Dn,  in  the  radiation  image,  which  anatomical 
regions  have  been  found  by  the  operation  means  61  ,  and  the  information  about  the  abnormal  pattern  detecting  filters 
F1,  F2,  Fn,  which  correspond  to  the  anatomical  regions  D1,  D2,  Dn.  The  detection  means  63  processes  the 
image  signal  components,  which  represent  image  information  at  the  anatomical  regions  D1  ,  D2,  Dn  in  the  radiation 

so  image,  with  the  corresponding  abnormal  pattern  detecting  filters  F1,  F2,  Fn.  In  this  manner,  the  detection  means 
63  detects  an  abnormal  pattern. 
[0072]  The  information  about  the  abnormal  pattern  T,  which  has  been  detected  in  the  manner  described  above,  is 
fed  out  of  the  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention.  Thereafter,  for 
example,  specific  image  processing  is  carried  out  on  the  image  signal  components  representing  the  abnormal  pattern 

55  in  the  radiation  image.  Also,  the  image  signal  representing  the  radiation  image  is  stored  together  with  the  information 
about  the  abnormal  pattern.  A  visible  image  is  then  reproduced  and  displayed,  in  which  the  position  of  the  abnormal 
pattern  is  shown  clearly. 
[0073]  The  functions  of  the  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  need 
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not  necessarily  be  divided  into  the  blocks  61  through  63  shown  in  Figure  1  5.  It  is  only  necessary  that  the  third  abnormal 
pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  substantially  provided  with  the  functions  cor- 
responding  to  the  blocks  61  through  63  shown  in  Figure  15. 
[0074]  How  tumor  images  appear  in  an  X-ray  image  of  the  chest  vary  in  different  locations  in  the  lungs.  With  the  third 

5  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  abnormal  pattern  detecting  filters, 
which  are  suitable  for  detecting  abnormal  patterns  appearing  in  the  corresponding  anatomical  regions,  are  employed 
for  the  corresponding  anatomical  regions.  Therefore,  abnormal  patterns  can  be  detected  accurately. 
[0075]  The  present  application  also  describes  as  an  example  a  circular  pattern  judging  method,  which  comprises 
the  steps  of: 

10 
i)  from  an  image  signal  made  up  of  a  series  of  image  signal  components  representing  a  radiation  image  of  an 
object,  calculating  a  plurality  of  differences  between  the  values  of  the  image  signal  components  representing  ad- 
jacent  picture  elements  in  each  of  predetermined  regions  in  said  radiation  image,  said  picture  elements  being 
located  along  each  of  two  different  directions  in  said  radiation  image, 

is  ii)  calculating  a  mean-level  value  of  the  absolute  values  of  the  plurality  of  said  differences  for  each  of  two  said 
different  directions,  or  a  mean-level  value  of  the  square  values  of  the  plurality  of  said  differences  for  each  of  two 
said  different  directions,  and 
iii)  from  said  mean-level  values,  which  have  been  calculated  for  two  said  different  directions,  making  a  judgment 
as  to  the  level  of  the  probability  that  each  said  predetermined  region  in  said  radiation  image  will  fall  within  the 

20  region  corresponding  to  a  circular  pattern  in  said  radiation  image. 

[0076]  The  present  application  further  describes  as  an  example  a  circular  pattern  judging  apparatus,  which  compris- 
es: 

25  i)  a  difference  calculating  means  for  calculating,  from  an  image  signal  made  up  of  a  series  of  image  signal  com- 
ponents  representing  a  radiation  image  of  an  object,  a  plurality  of  differences  between  the  values  of  the  image 
signal  components  representing  adjacent  picture  elements  in  each  of  predetermined  regions  in  said  radiation  im- 
age,  said  picture  elements  being  located  along  each  of  two  different  directions  in  said  radiation  image, 
ii)  a  mean  calculating  means  for  calculating  a  mean-level  value  of  the  absolute  values  of  the  plurality  of  said 

30  differences  for  each  of  two  said  different  directions,  or  a  mean-level  value  of  the  square  values  of  the  plurality  of 
said  differences  for  each  of  two  said  different  directions,  and 
iii)  a  judgment  means  for  making  a  judgment,  from  said  mean-level  values,  which  have  been  calculated  for  two 
said  different  directions,  as  to  the  level  of  the  probability  that  each  said  predetermined  region  in  said  radiation 
image  will  fall  within  the  region  corresponding  to  a  circular  pattern  in  said  radiation  image. 

35 
[0077]  The  term  "mean-level  value"  as  used  herein  for  the  circular  pattern  judging  method  and  apparatus  in  accord- 
ance  with  the  present  invention  means  one  of  various  types  of  values  which  represent  the  mean  level  of  the  absolute 
values  or  the  square  values  of  the  plurality  of  said  differences  for  each  of  the  two  different  directions.  For  example,  the 
mean-level  value  may  be  the  arithmetical  mean,  the  geometric  mean,  or  the  median  value  of  the  absolute  values  or 

40  the  square  values  of  the  plurality  of  said  differences  for  each  of  the  two  different  directions.  Alternatively,  the  mean- 
level  value  may  be  calculated  with  the  formula  expressed  as  (maximum  value  -  minimum  value)/2. 
[0078]  The  predetermined  regions  may  be  those  which  are  found  as  prospective  circular  patterns  by  processing  an 
image  signal  representing  a  radiation  image  with  the  filter  described  in,  for  example,  U.S.  Patent  No.  4,769,850  or  with 
one  of  various  other  filters,  which  will  be  described  later.  Alternatively,  the  predetermined  regions  may  be  those  which 

45  are  divided  from  one  another  by  a  plurality  of  imaginary  vertical  lines  and  a  plurality  of  imaginary  horizontal  lines  drawn 
in  a  radiation  image.  As  another  alternative,  an  operator  may  observe  a  radiation  image  and  may  manually  designate 
the  predetermined  regions  in  the  radiation  image.  After  it  is  judged,  with  the  circular  pattern  judging  method  in  accord- 
ance  with  the  present  invention,  that  a  predetermined  region,  which  has  been  designated  in  a  radiation  image,  has  a 
high  probability  of  falling  within  the  region  corresponding  to  a  circular  pattern,  the  level  of  the  probability  may  be  judged 

so  more  accurately  by  processing  the  image  signal  components,  which  correspond  to  the  predetermined  region,  or  the 
image  signal  components,  which  correspond  to  positions  in  the  vicinity  of  the  predetermined  regions,  with  a  filter. 
[0079]  The  inventors  studied  about  circular  patterns  corresponding  to  tumor  images  and  regions  composed  of  many 
linear  patterns,  such  as  blood  vessel  images,  in  X-ray  images  of  the  chests.  As  a  result,  it  was  found  that  the  image 
density  is  comparatively  uniform  in  the  tumor  images,  whereas  the  image  density  changes  at  short  intervals  along  a 

55  single  direction  in  the  regions  composed  of  many  linear  patterns.  (In  most  cases,  the  blood  vessel  images,  or  the  like, 
extend  in  an  approximately  constant  direction.) 
[0080]  The  circular  pattern  judging  method  and  apparatus  in  accordance  with  the  examples  are  based  on  these 
findings.  With  the  circular  pattern  judging  method  and  apparatus  in  accordance  with  the  present  invention,  from  the 
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aforesaid  mean-level  values,  which  have  been  calculated  for  two  different  directions,  a  judgment  can  be  made  as  to 
whether  the  predetermined  region  is  the  one  which  is  composed  of  many  linear  patterns,  such  as  blood  vessel  images. 
Accordingly,  a  judgment  can  be  made  accurately  as  to  whether  the  predetermined  region  falls  or  does  not  fall  within 
the  region  corresponding  to  a  circular  pattern  in  a  radiation  image. 

5  [0081]  The  present  application  still  further  describes  as  an  example  a  fourth  abnormal  pattern  detecting  apparatus 
wherein,  from  an  image  signal  made  up  of  a  series  of  image  signal  components  representing  a  radiation  image  of  an 
object  which  is  constituted  of  soft  tissues  and  bones,  an  abnormal  pattern  appearing  as  an  approximately  circular 
pattern  in  the  radiation  image  is  detected, 

the  abnormal  pattern  detecting  apparatus  comprising: 
10 

i)  an  image  operation  means  for  obtaining  a  soft  tissue  image  signal,  which  is  made  up  of  a  series  of  soft  tissue 
image  signal  components  primarily  representing  an  image  of  the  soft  tissues  in  said  object,  from  a  plurality  of 
image  signals  representing  a  plurality  of  radiation  images  of  said  object,  which  radiation  images  have  been  recorded 
by  exposing  said  object  to  at  least  two  kinds  of  radiation  having  different  energy  distributions,  and 

is  ii)  an  abnormal  pattern  finding  means  for  finding  an  abnormal  pattern,  which  appears  in  said  soft  tissue  image,  by 
processing  said  soft  tissue  image  signal  with  an  abnormal  pattern  finding  filter, 

wherein  said  abnormal  pattern  finding  filter  comprises  the  steps  of: 

20  a)  calculating  the  differences,  Aij=fij-f0,  between  the  value  of  a  soft  tissue  image  signal  component  fO  representing 
a  predetermined  picture  element  P0  in  said  soft  tissue  image  and  the  values  of  soft  tissue  image  signal  components 
fij  representing  the  picture  elements  Pij,  which  are  located  on  each  of  a  plurality  of  lines  Li,  where  i=1,  2,  n, 
extending  from  said  predetermined  picture  element  P0  to  peripheral  parts  of  said  soft  tissue  image,  and  which  are 
spaced  a  plurality  of  predetermined  distances  rij,  where  j=1  ,  2,  m,  from  said  predetermined  picture  element  P0, 

25  b)  finding  a  representative  value,  which  is  representative  of  said  differences  Aij,  for  each  of  said  lines  Li, 
c)  calculating  a  mean-level  value  of  two  said  representative  values  for  each  set  of  two  said  lines  which  extend  from 
said  predetermined  picture  element  P0  in  approximately  opposite  directions,  and 
d)  from  the  mean-level  values,  which  have  been  calculated  for  a  plurality  of  said  sets  of  lines,  judging  whether  said 
predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  said  abnormal  pattern. 

30 
[0082]  In  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  lines  Li, 
where  i=1,  2,  n,  i.e.  the  value  of  n,  is  not  limited  to  a  specific  value,  but  may  take  any  value  which  will  satisfy  the 
level  of  accuracy  required  of  the  judgment,  which  will  allow  the  operations  to  be  completed  within  a  specified  time,  or 
the  like. 

35  [0083]  Also,  the  number  of  predetermined  distances  rij,  where  j=1,  2,  m,  i.e.  the  value  of  m,  is  not  limited  to  a 
specific  value. 
[0084]  The  term  "representative  value"  as  used  herein  for  the  fourth  abnormal  pattern  detecting  apparatus  in  accord- 
ance  with  the  present  invention  means  a  value  which  is  suitable  for  expressing  the  presence  or  absence  or  amount  of 
the  differences  Aij  between  the  value  of  the  soft  tissue  image  signal  component  fO  representing  the  predetermined 

40  picture  element  P0  and  the  values  of  the  soft  tissue  image  signal  components  fij  representing  the  picture  elements  Pij, 
which  are  located  on  each  of  a  plurality  of  lines  Li  extending  from  the  predetermined  picture  element  P0  to  peripheral 
parts  of  the  soft  tissue  image,  and  which  are  spaced  a  plurality  of  predetermined  distances  rij  from  the  predetermined 
picture  element  P0.  By  way  of  example,  in  cases  where,  typically,  the  abnormal  pattern  has  the  characteristic  that  the 
value  of  the  soft  tissue  image  signal  component  corresponding  to  the  center  position  of  the  abnormal  pattern  is  smaller 

45  than  the  values  of  the  soft  tissue  image  signal  components  corresponding  to  the  peripheral  portions  of  the  abnormal 
pattern,  the  maximum  value  of  the  differences  Wij  may  be  employed  as  the  representative  value.  In  cases  where  the 
abnormal  pattern  has  the  characteristic  that  the  value  of  the  soft  tissue  image  signal  component  corresponding  to  the 
center  position  ot  the  abnormal  pattern  is  larger  than  the  values  of  the  soft  tissue  image  signal  components  corre- 
sponding  to  the  peripheral  portions  of  the  abnormal  pattern,  the  minimum  value  of  the  differences  Aij  may  be  employed 

so  as  the  representative  value.  However,  in  cases  where  the  maximum  value  of  the  differences  Aij  is  employed  as  the 
representative  value,  if,  for  example,  all  of  the  differences  Aij  between  the  value  of  the  soft  tissue  image  signal  com- 
ponent  fO  representing  the  predetermined  picture  element  P0  and  the  values  of  the  soft  tissue  image  signal  components 
fij  representing  the  picture  elements  Pij,  which  are  located  on  a  certain  line  Lk  among  a  plurality  of  the  lines  Li  extending 
from  the  predetermined  picture  element  P0  to  peripheral  parts  of  the  soft  tissue  image,  and  which  are  spaced  a  plurality 

55  of  predetermined  distances  rij  from  the  predetermined  picture  element  P0,  are  negative,  no  effective  maximum  value 
of  the  differences  Aij  can  be  found  for  the  line  Lk.  In  such  cases,  a  maximum  value  of  the  differences  hij  may  be  found 
from  some  extra  simple  calculations  and  then  employed  as  the  representative  value.  Alternatively,  for  example,  a  value 
of  0.0  may  be  employed  as  the  representative  value.  Accordingly,  the  term  "representative  value"  as  used  herein  for 
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the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  can  also  mean  a  value  em- 
ployed  in  lieu  of  a  representative  value  in  cases  where  a  representative  value  is  obtained,  which  does  not  effectively 
represent  the  differences  between  the  value  of  the  soft  tissue  image  signal  component  fO  representing  the  picture 
element  P0  located  at  the  center  position  of  an  abnormal  pattern  and  the  values  of  the  soft  tissue  image  signal  com- 

5  ponents  fij  representing  the  picture  elements  Pij  located  at  peripheral  portions  of  the  abnormal  pattern.  The  term  "rep- 
resentative  value"  as  used  herein  for  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention  further  means  a  value  which  substantially  represents  the  maximum  value  or  the  minimum  value  of  the  differ- 
ences  Aij,  for  example,  a  value  calculated  from  a  formula  expressed  as  (maximum  value)-(predetermined  value)  or 
(minimum  value)+(predetermined  value). 

10  [0085]  In  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  differences  are  cal- 
culated  from  a  formula  expressed  as  Aij=fij-f0.  Such  examples  are  substantially  identical  with  examples  wherein  the 
differences  are  calculated  from  a  formula  expressed  as  Aij'=f0-fij,  except  that  the  maximum  values  and  the  minimum 
values  of  the  differences  are  reversed.  The  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example 
is  meant  to  embrace  within  its  scope  embodiments  which  are  substantially  identical. 

15  [0086]  The  term  "mean-level  value"  as  used  herein  for  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  example  means  a  value  which  is  suitable  for  expressing  the  presence  or  absence  or  amount  of  the  differences 
between  the  value  of  the  soft  tissue  image  signal  component  fO  representing  the  picture  element  P0  located  at  the 
center  position  of  the  abnormal  pattern  and  the  two  representative  values  found  for  each  set  of  two  lines,  which  extend 
from  the  picture  element  P0  in  approximately  opposite  directions.  By  way  of  example,  the  mean-level  value  may  be 

20  the  arithmetical  mean  or  the  geometric  mean  of  the  two  representative  values.  Alternatively,  the  two  representative 
values  may  be  weighted,  and  the  mean  value  of  the  weighted  representative  values  may  be  employed  as  the  mean- 
level  value. 
[0087]  The  present  application  also  describes  as  an  example  a  fifth  abnormal  pattern  detecting  apparatus  wherein, 
in  lieu  of  the  abnormal  pattern  finding  filter  used  in  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with 

25  the  present  invention,  an  abnormal  pattern  finding  filter  is  employed  which  comprises  the  steps  of: 

a)  calculating  the  gradients  Vfi  of  soft  tissue  image  signal  components  fi  representing  the  picture  elements  Pi, 
which  are  located  on  a  plurality  of  lines  Li,  where  i=1  ,  2,  n,  extending  from  a  predetermined  picture  element  P0 
in  said  soft  tissue  image  to  peripheral  parts  of  said  soft  tissue  image,  and  which  are  spaced  a  predetermined 

30  distance  ri  from  said  predetermined  picture  element  P0, 
b)  calculating  the  normalized  gradients  Vfi/IVfil  by  dividing  said  gradients  Vfi  by  their  magnitudes  IVfil, 
c)  calculating  the  projections  of  said  normalized  gradients  Vfi/IVfil  on  the  vectors  directed  from  said  picture  ele- 
ments  Pi  to  said  predetermined  picture  element  P0,  the  projections  being  expressed  as  Vfi/IVfil*ei,  where  ei  de- 
notes  the  unit  vectors  directed  from  said  picture  elements  Pi  to  said  predetermined  picture  element  P0,  and  * 

35  denotes  the  inner  product, 
d)  calculating  a  mean-level  value  from  the  values  of  said  projections  Vfi/IVfil*ei,  and 
e)  from  said  mean-level  value,  judging  whether  said  predetermined  picture  element  P0  falls  or  does  not  fall  within 
the  region  corresponding  to  said  abnormal  pattern. 

40  [0088]  In  the  fifth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  the  lines  Li, 
where  i=1,  2,  n,  i.e.  the  value  of  n,  is  not  limited  to  a  specific  value,  but  may  take  any  value  which  will  satisfy  the 
level  of  accuracy  required  in  the  judgment,  which  will  allow  the  operations  to  be  completed  within  a  specified  time,  or 
the  like. 
[0089]  In  the  fifth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  predetermined  distance 

45  ri  may  vary  for  the  respective  lines  Li.  For  example,  in  cases  where  the  abnormal  pattern,  which  is  to  be  detected,  has 
an  elliptic  pattern  having  a  longer  axis  extending  in  a  predetermined  direction,  the  predetermined  distance  ri  in  said 
predetermined  direction  may  be  longer  than  the  predetermined  distance  ri  in  the  direction  normal  to  said  predetermined 
direction  (i.e.  in  the  direction  along  which  the  shorter  axis  of  the  elliptic  pattern  extends). 
[0090]  The  term  "gradient"  as  used  herein  means  the  vector  expressed  as 

50 

Vf(m,n)  =  (f(m+1,n)  -f(m,n), 

f(m,n+1)  -f(m,n))  (1) 
55 

In  Formula  (1),  (m,n)  denotes  the  x  and  y  coordinates  of  a  certain  picture  element  P  in  a  radiation  image,  (m+1,n) 
denotes  the  coordinates  of  a  picture  element  P',  which  is  adjacent  to  the  picture  element  P  in  the  x  direction,  and  (m, 
n+1)  denotes  the  coordinates  of  a  picture  element  P",  which  is  adjacent  to  the  picture  element  P  in  the  y  direction. 
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Also,  f(m,n),  f(m+1,n),  and  f(m,n+1)  respectively  denote  the  values  of  the  image  signal  components  representing  the 
picture  elements  P,  P',  and  P". 
[0091]  In  the  fifth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  projections  Vfi/IVfil*ei 
are  calculated.  Such  examples  are  substantially  identical  with  examples  wherein  the  projections  Vfi/IVfil*ei'  are  cal- 

5  culated,  where  ei'  denotes  the  unit  vectors  directed  from  the  picture  elements  Pi  away  from  the  predetermined  picture 
element  P0  along  the  lines  Li,  except  that  the  maximum  values  and  the  minimum  values  of  the  projections  are  reversed. 
The  fifth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example  are  meant  to  embrace  within  its  scope 
embodiments  which  are  substantially  identical. 
[0092]  The  term  "mean-level  value"  as  used  herein  for  the  fifth  abnormal  pattern  detecting  apparatus  in  accordance 

10  with  the  example  typically  means  the  arithmetical  mean  of  the  aforesaid  projections.  Alternatively,  the  mean-level  value 
may  be  the  geometric  mean  of  the  aforesaid  projections.  As  another  alternative,  the  aforesaid  projections  may  be 
weighted,  and  the  mean  value  of  the  weighted  projections  may  be  employed  as  the  mean-level  value. 
[0093]  The  present  application  further  describes  as  an  example  a  sixth  abnormal  pattern  detecting  apparatus  where- 
in,  in  lieu  of  the  abnormal  pattern  finding  filters  used  in  the  fourth  and  fifth  abnormal  pattern  detecting  apparatuses  in 

is  accordance  with  the  above  examples,  an  abnormal  pattern  finding  filter  is  employed  which  comprises  the  steps  of: 

a)  calculating  the  gradients  Vfij  of  soft  tissue  image  signal  components  fij  representing  the  picture  elements  Pij, 
which  are  located  on  each  of  a  plurality  of  lines  Li,  where  i=1,  2,  n,  extending  from  a  predetermined  picture 
element  P0  in  said  soft  tissue  image  to  peripheral  parts  of  said  soft  tissue  image,  and  which  are  spaced  a  plurality 

20  of  predetermined  distances  rij,  where  j=1  ,  2,  m,  from  said  predetermined  picture  element  P0, 
b)  calculating  the  normalized  gradients  Vfij/IVfijl  by  dividing  said  gradients  Vfij  by  their  magnitudes  I  Vfij  I, 
c)  calculating  the  projections  of  said  normalized  gradients  Vfij/IVfijl  on  vectors  which  are  directed  from  said  picture 
elements  Pij  to  said  predetermined  picture  element  P0,  the  projections  being  expressed  as  Vfij/IVfijl*ei,  where  ei 
denotes  the  unit  vectors  directed  from  said  picture  elements  Pij  to  said  predetermined  picture  element  P0,  and  * 

25  denotes  the  inner  product, 
d)  finding  a  representative  value  {Vfij/IVfijl*ei}r,  which  is  representative  of  said  projections  Vfij/IVfijl*ei,  for  each 
of  said  lines  Li, 
e)  calculating  a  mean-level  value  of  said  representative  values  {Vfij/IVfijl*ei}r,  which  have  been  found  for  the  plu- 
rality  of  said  lines  Li,  and 

30  f)  from  said  mean-level  value,  judging  whether  said  predetermined  picture  element  P0  falls  or  does  not  fall  within 
the  region  corresponding  to  said  abnormal  pattern. 

[0094]  In  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  the  lines 
Li,  where  i=1  ,2,  n,  i.e.  the  value  of  n,  is  not  limited  to  a  specific  value,  but  may  take  any  value  which  will  satisfy  the 

35  level  of  accuracy  required  in  the  judgment,  which  will  allow  the  operations  to  be  completed  within  a  specified  time,  or 
the  like. 
[0095]  In  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  the  prede- 
termined  distances  rij,  where  j=1,  2,  m,  i.e.  the  value  of  m,  is  not  limited  to  a  specific  value.  Also,  the  value  of  m 
may  vary  for  the  respective  lines  Li,  where  i=1  ,  2,  n.  For  example,  in  cases  where  the  abnormal  pattern,  which  is 

40  to  be  detected,  has  an  elliptic  pattern  having  a  longer  axis  extending  in  a  predetermined  direction,  the  value  of  m  in 
said  predetermined  direction  may  be  made  larger  than  the  value  of  m  in  the  direction  normal  to  said  predetermined 
direction. 
[0096]  The  term  "gradient"  as  used  herein  means  the  vector  expressed  as  Formula  (1). 
[0097]  The  term  "representative  value"  as  used  herein  for  the  sixth  abnormal  pattern  detecting  apparatus  in  accord- 

45  ance  with  the  example  means  a  value  suitable  for  expressing  the  characteristics  of  an  abnormal  pattern,  which  appear 
on  an  image  profile  along  each  of  the  lines  Li,  on  the  basis  of  the  projections  Vfij/IVfijl*ei.  By  way  of  example,  in  cases 
where,  typically,  the  abnormal  pattern  has  the  characteristic  that  the  value  of  the  soft  tissue  image  signal  component 
corresponding  to  the  center  position  of  the  abnormal  pattern  is  smaller  than  the  values  of  the  soft  tissue  image  signal 
components  corresponding  to  the  peripheral  portions  of  the  abnormal  pattern,  the  maximum  value  of  the  projections 

so  Vfij/IVfijl*ei  for  each  of  the  lines  Li  may  be  employed  as  the  representative  value.  In  cases  where  the  abnormal  pattern 
has  the  characteristic  that  the  value  of  the  soft  tissue  image  signal  component  corresponding  to  the  center  position  of 
the  abnormal  pattern  is  larger  than  the  values  of  the  soft  tissue  image  signal  components  corresponding  to  the  periph- 
eral  portions  of  the  abnormal  pattern,  the  minimum  value  of  the  projections  Vfij/IVfijl*ei  for  each  of  the  lines  Li  may  be 
employed  as  the  representative  value.  However,  in  cases  where  the  maximum  value  of  the  projections  Vfij/IVfijl*ei  for 

55  each  of  the  lines  Li  is  employed  as  the  representative  value,  if,  for  example,  all  of  the  projections  Vfij/IVfijl*ei  for  a 
certain  line  Lk  among  a  plurality  of  the  lines  Li  are  negative,  no  effective  maximum  value  for  the  projections  Vfij/IVfijl*ei 
will  be  found  for  the  line  Lk.  In  such  cases,  a  maximum  value  of  the  projections  Vfij/IVfijl*ei  can  be  found  from  some 
extra  simple  calculations  and  employed  as  the  representative  value.  Alternatively,  for  example,  a  value  of  0.0  may  be 
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employed  as  the  representative  value.  The  term  "representative  value"  as  used  herein  for  the  sixth  abnormal  pattern 
detecting  apparatus  in  accordance  with  the  example  may  also  mean  a  value  which  substantially  represents  the  max- 
imum  value  or  the  minimum  value  of  the  projections  Vfij/IVfijl*ei,  for  example,  a  value  calculated  from  the  formula 
expressed  as  (maximum  value)-(predetermined  value)  or  (minimum  value)+(predetermined  value). 

5  [0098]  In  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  projections  Vfij/IVfijl*ei 
are  calculated.  Such  embodiments  are  substantially  identical  with  examples  wherein  the  projections  Vfij/IVfijl*ei'  are 
calculated,  where  ei'  denotes  the  unit  vectors  directed  from  the  picture  elements  Pij  away  from  the  predetermined 
picture  element  P0  along  each  of  the  lines  Li,  except  that  the  maximum  values  and  the  minimum  values  of  the  projections 
are  reversed.  The  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example  are  meant  to  embrace 

10  within  its  scope  embodiments  which  are  substantially  identical. 
[0099]  The  term  "mean-level  value"  as  used  herein  for  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  example  typically  means  the  arithmetical  mean  of  the  representative  values.  Alternatively,  the  mean-level 
value  may  be  the  geometric  mean  of  the  representative  values.  As  another  alternative,  the  representative  values  may 
be  weighted,  and  the  mean  value  of  the  weighted  representative  values  may  be  employed  as  the  mean-level  value. 

15  [0100]  The  present  application  still  further  describes  as  an  example  a  seventh  abnormal  pattern  detecting  apparatus 
wherein,  in  lieu  of  the  abnormal  pattern  finding  filters  used  in  the  fourth,  fifth,  and  sixth  abnormal  pattern  detecting 
apparatuses,  an  abnormal  pattern  finding  filter  is  employed  which  comprises  the  steps  of: 

a)  calculating: 
20 

(1)  a  mean-level  value  Q0  from  the  values  of  soft  tissue  image  signal  components  representing  a  plurality  of 
picture  elements,  which  are  located  in  a  center  region  including  a  predetermined  picture  element  P0  in  said 
soft  tissue  image,  and 
(2)  mean-level  values  Qi,  where  i=1,  2,  n,  each  representing  the  mean  level  of  the  values  of  soft  tissue 

25  image  signal  components  representing  a  plurality  of  picture  elements,  which  are  located  in  each  of  a  plurality 
of  peripheral  regions  surrounding  said  center  region, 

b)  calculating  the  differences  Ai,  where  i=1,  2,  n,  between  said  mean-level  value  Q0  corresponding  to  said 
center  region  and  the  respective  mean-level  values  Qi,  where  i=1  ,  2,  n,  corresponding  to  said  peripheral  regions, 

30  c)  finding  a  first  characteristic  value,  which  is  representative  of  said  differences  Ai,  and  a  second  characteristic 
value,  which  represents  the  amount  of  dispersion  in  said  differences  Ai, 
d)  calculating  the  ratio  of  said  first  characteristic  value  to  said  second  characteristic  value, 
e)  comparing  said  ratio  with  a  predetermined  threshold  value,  and 
f)  from  the  results  of  the  comparison,  judging  whether  said  predetermined  picture  element  P0  falls  or  does  not  fall 

35  within  the  region  corresponding  to  said  abnormal  pattern. 

[0101]  The  term  "mean-level  value"  as  used  herein  for  the  seventh  abnormal  pattern  detecting  apparatus  typically 
means  the  arithmetical  mean  of  the  values  of  the  soft  tissue  image  signal  components  representing  a  plurality  of  picture 
elements  located  in  each  region.  Alternatively,  the  mean-level  value  may  be  the  geometric  mean,  the  median  value, 

40  or  the  like,  of  the  values  of  the  soft  tissue  image  signal  components  representing  a  plurality  of  picture  elements  located 
in  each  region. 
[0102]  The  term  "first  characteristic  value"  as  used  herein  for  the  seventh  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  example  means  a  value  which  is  representative  of  a  plurality  of  the  differences  Ai.  For  example, 
the  first  characteristic  value  may  be  the  mean-level  value,  the  maximum  value,  or  the  minimum  value  of  the  differences 

45  Ai. 
[0103]  The  term  "second  characteristic  value"  as  used  herein  for  the  seventh  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  example  means  a  value  which  represents  the  amount  of  dispersion  in  a  plurality  of  the  differences 
Ai.  For  example,  the  second  characteristic  value  may  be  the  variance  of  the  differences  Ai,  or  the  value  given  by  the 
formula:  (maximum  value)-(minimum  value). 

so  [0104]  In  the  seventh  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  lines  Li, 
where  i=1,  2,  n,  i.e.  the  value  of  n,  is  not  limited  to  a  specific  value,  but  may  take  any  value  which  will  satisfy  the 
level  of  accuracy  required  of  the  judgment,  which  will  allow  the  operations  to  be  completed  within  a  specified  time,  or 
the  like. 
[0105]  The  present  application  also  describes  as  an  example  an  eighth  abnormal  pattern  detecting  apparatus  where- 

55  in,  in  lieu  of  the  abnormal  pattern  finding  filters  used  in  the  fourth,  fifth,  sixth,  and  seventh  abnormal  pattern  detecting 
apparatuses,  an  abnormal  pattern  finding  filter  is  employed  which  comprises  the  steps  of: 

a)  calculating: 
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(1)  a  mean-level  value  Q0  of  the  values  of  soft  tissue  image  signal  components  representing  a  plurality  of 
picture  elements,  which  are  located  in  a  center  region  including  a  predetermined  picture  element  P0  in  said 
soft  tissue  image,  and 
(2)  mean-level  values  Qij,  each  representing  the  mean  level  of  the  values  of  soft  tissue  image  signal  compo- 

5  nents  representing  a  plurality  of  picture  elements  located  in  each  of  a  plurality  of  peripheral  regions,  each  said 
peripheral  region  including  each  of  picture  elements  Pij,  which  are  located  on  each  of  a  plurality  of  lines  Li, 
where  i=1  ,  2,  n,  extending  from  said  predetermined  picture  element  P0  to  peripheral  parts  of  said  soft  tissue 
image,  and  which  are  spaced  a  plurality  of  predetermined  distances  rij,  where  j=1  ,  2,  m,  from  said  prede- 
termined  picture  element  P0, 

10 
b)  finding  a  representative  value  Qi,  which  is  representative  of  said  mean-level  values,  for  each  of  said  lines  Li, 
c)  calculating  the  differences  Ai,  where  i=1,  2,  n,  between  said  mean-level  value  Q0  corresponding  to  said 
center  region  and  the  respective  representative  values  Qi,  which  have  been  found  for  the  plurality  of  said  lines  Li, 
d)  finding  a  first  characteristic  value,  which  is  representative  of  said  differences  Ai,  and  a  second  characteristic 

is  value,  which  represents  the  amount  of  dispersion  in  said  differences  Ai, 
e)  calculating  the  ratio  of  said  first  characteristic  value  to  said  second  characteristic  value, 
f)  comparing  said  ratio  with  a  predetermined  threshold  value,  and 
g)  from  the  results  of  the  comparison,  judging  whether  said  predetermined  picture  element  P0  falls  or  does  not  fall 
within  the  region  corresponding  to  said  abnormal  pattern. 

20 
[01  06]  The  term  "mean-level  value"  as  used  herein  for  the  eighth  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  example  typically  means  the  arithmetical  mean  of  the  values  of  the  soft  tissue  image  signal  components 
representing  a  plurality  of  picture  elements  located  in  each  region.  Alternatively,  the  mean-level  value  may  be  the 
geometric  mean,  the  median  value,  or  the  like,  of  the  values  of  the  soft  tissue  image  signal  components  representing 

25  a  plurality  of  picture  elements  located  in  each  region. 
[0107]  The  term  "first  characteristic  value"  as  used  herein  for  the  eighth  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  example  means  a  value  which  is  representative  of  a  plurality  of  the  differences  Ai.  For  example, 
the  first  characteristic  value  may  be  the  mean-level  value,  the  maximum  value,  or  the  minimum  value  of  the  differences 
Ai. 

30  [0108]  The  term  "second  characteristic  value"  as  used  herein  for  the  eighth  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  example  means  a  value  which  represents  the  amount  of  dispersion  in  a  plurality  of  the  differences 
Ai.  For  example,  the  second  characteristic  value  may  be  the  variance  of  the  differences  hi,  or  the  value  given  by  the 
formula:  (maximum  value)-(minimum  value). 
[0109]  In  the  eighth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  lines  Li, 

35  where  i=1  ,  2,  n,  i.e.  the  value  of  n,  is  not  limited  to  a  specific  value,  but  may  take  any  value  which  will  satisfy  the 
level  of  accuracy  required  of  the  judgment,  which  will  allow  the  operations  to  be  completed  within  a  specified  time,  or 
the  like. 
[0110]  In  the  eighth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  number  of  the  pre- 
determined  distances  rij,  where  j=1  ,  2,  m,  i.e.  the  value  of  m,  is  not  limited  to  a  specific  value.  Also,  the  value  of  m 

40  may  vary  for  the  respective  lines  Li,  where  i=1  ,  2,  n.  For  example,  in  cases  where  the  abnormal  pattern,  which  is 
to  be  detected,  has  an  elliptic  pattern  having  a  longer  axis  extending  in  a  predetermined  direction,  the  value  of  m  in 
said  predetermined  direction  may  be  larger  than  the  value  of  m  in  the  direction  normal  to  said  predetermined  direction. 
In  cases  where  the  distance  varies  continuously  from  the  minimum  distance,  rimin,  to  the  maximum  distance,  rimax, 
along  each  of  the  lines,  rij,  where  j=1,  2,  m,  can  be  regarded  as  taking  various  values  between  rimin  and  rimax. 

45  Therefore,  the  term  "a  plurality  of  predetermined  distances  rij"  as  used  herein  for  the  eighth  abnormal  pattern  detecting 
apparatus  in  accordance  with  the  example  also  embraces  the  cases  wherein  the  value  of  the  distance,  rij,  varies 
continuously. 
[0111]  The  term  "representative  value"  as  used  herein  for  the  eighth  abnormal  pattern  detecting  apparatus  in  ac- 
cordance  with  the  example  means  a  value  which  is  suitable  for  expressing  the  presence  or  absence  or  amount  of  the 

so  differences  between  the  mean-level  value  Q0  of  the  values  of  soft  tissue  image  signal  components  representing  the 
picture  elements,  which  are  located  in  the  center  region  including  the  predetermined  picture  element  P0,  and  the  mean- 
level  values  Qij,  where  j=1  ,  2,  ..,  m,  each  of  which  represents  the  mean  level  of  the  values  of  soft  tissue  image  signal 
components  representing  the  picture  elements  located  in  each  of  the  peripheral  regions,  each  said  peripheral  region 
including  one  of  the  picture  elements  Pij  located  on  one  of  the  lines  Li.  By  way  of  example,  in  cases  where,  typically, 

55  the  abnormal  pattern  has  the  characteristic  that  the  value  of  the  soft  tissue  image  signal  component  corresponding  to 
the  center  position  of  the  abnormal  pattern  is  smaller  than  the  values  of  the  soft  tissue  image  signal  components 
corresponding  to  the  peripheral  portions  of  the  abnormal  pattern,  the  maximum  value  of  the  mean-level  values  Qij 
corresponding  to  the  peripheral  regions  located  along  each  of  the  lines  Li  may  be  employed  as  the  representative 
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value.  In  cases  where  the  abnormal  pattern  has  the  characteristic  that  the  value  of  the  soft  tissue  image  signal  com- 
ponent  corresponding  to  the  center  position  of  the  abnormal  pattern  is  larger  than  the  values  of  the  soft  tissue  image 
signal  components  corresponding  to  the  peripheral  positions  of  the  abnormal  pattern,  the  minimum  value  of  the  mean- 
level  values  Qij  corresponding  to  the  peripheral  regions  located  along  each  of  the  lines  Li  may  be  employed  as  the 

5  representative  value.  However,  in  cases  where  the  maximum  value  of  the  mean-level  values  Qij  corresponding  to  the 
peripheral  regions  located  along  each  of  the  lines  Li  is  employed  as  the  representative  value,  if,  for  example,  all  of  the 
mean-level  values  Qij  corresponding  to  the  peripheral  regions  located  along  a  certain  line  Lk  among  a  plurality  of  the 
lines  Li  are  negative,  no  effective  maximum  value  of  the  mean-level  values  Qij  will  be  found  for  the  line  Lk.  In  such 
cases,  a  maximum  value  of  the  mean-level  values  Qij  found  from  some  extra  simple  calculations  may  be  employed  as 

10  the  representative  value.  Alternatively,  for  example,  a  value  of  0.0  may  be  employed  as  the  representative  value. 
Accordingly,  the  term  "representative  value"  as  used  herein  for  the  eighth  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  example  also  means  a  value  employed  in  lieu  of  a  representative  value  in  cases  where  a  repre- 
sentative  value  is  obtained,  which  does  not  effectively  represent  the  differences  between  the  mean-level  value  Q0 
corresponding  to  the  center  region  and  the  mean-level  values  Qij  corresponding  to  the  peripheral  regions  located  along 

is  each  of  the  lines  Li.  The  term  "representative  value"  as  used  herein  for  the  eighth  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  example  further  means  a  value  which  substantially  represents  the  maximum  value  or  the  min- 
imum  value  of  the  mean-level  values  Qij  corresponding  to  the  peripheral  regions  located  along  each  of  the  lines  Li,  for 
example,  the  value  given  by  one  of  the  formulas: 

20 
(maximum  value)-(predetermined  value),  and  (minimum  value)+(predetermined  value). 

[0112]  Also,  in  the  seventh  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  in  cases  where 
the  values  of  the  differences  Ai  do  not  effectively  represent  the  differences  between  the  mean-level  value  Q0  corre- 

25  sponding  to  the  center  region  and  the  mean-level  values  Qi  corresponding  to  the  peripheral  regions  surrounding  the 
center  region,  a  value  of  0.0  or  the  like  may  be  employed  in  lieu  of  the  values  obtained  for  the  differences  Ai. 
[0113]  The  seventh  and  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  above  examples  can 
be  embodied  in  various  ways  such  that  the  aforesaid  operations  are  substantially  carried  out.  For  example,  in  the  eighth 
abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  maximum  value  Qi  of  the  mean-level  values 

30  Qij  corresponding  to  the  peripheral  regions  located  along  each  of  the  lines  Li  may  be  found  as  the  representative  value. 
Thereafter,  the  differences  between  the  mean-level  value  Q0  corresponding  to  the  center  region  and  the  respective 
representative  values  Qi,  which  have  been  found  for  the  plurality  of  the  lines  Li,  may  be  calculated  from  the  formula 

35  Ai  =  Qi  -  Q0  (2) 

Alternatively,  the  differences  between  the  mean-level  value  Q0  and  the  respective  mean-level  values  Qij  may  be  cal- 
culated  from  the  formula  Aij=Qij-Q0,  and  thereafter  the  maximum  value  of  the  differences  Aij  corresponding  to  each  of 
the  lines  Li  may  be  found.  The  maximum  value  thus  found  is  identical  with  the  value  calculated  from  Formula  (2).  The 

40  eighth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example  also  embraces  such  examples. 
[0114]  The  fourth  through  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  above  examples 
should  preferably  be  provided  with  a  judgment  means  for  calculating  a  plurality  of  differences  between  the  values  of 
the  soft  tissue  image  signal  components  representing  adjacent  picture  elements  in  the  abnormal  pattern,  which  has 
been  found  by  said  abnormal  pattern  finding  means,  said  picture  elements  being  located  along  each  of  two  different 

45  directions  in  said  soft  tissue  image, 

calculating  a  mean-level  value  of  the  absolute  values  of  the  plurality  of  said  differences  for  each  of  two  said  different 
directions,  or  a  mean-level  value  of  the  square  values  of  the  plurality  of  said  differences  for  each  of  two  said  different 
directions,  and 

50  from  said  mean-level  values,  which  have  been  calculated  for  two  said  different  directions,  making  a  judgment  as 
to  the  level  of  the  probability  that  said  abnormal  pattern,  which  has  been  found  by  said  abnormal  pattern  finding 
means,  will  be  a  true  abnormal  pattern. 

[0115]  The  term  "mean-level  value"  as  used  herein  for  the  judgment  means  described  above  means  one  of  various 
55  types  of  values  which  represent  the  mean  level  of  the  absolute  values  or  the  square  values  of  the  plurality  of  said 

differences  for  each  of  the  two  different  directions.  For  example,  the  mean-level  value  may  be  the  arithmetical  mean, 
the  geometric  mean,  or  the  median  value  of  the  absolute  values  or  the  square  values  of  the  plurality  of  said  differences 
for  each  of  the  two  different  directions.  Alternatively,  the  mean-level  value  may  be  calculated  with  the  formula  expressed 
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as  (maximum  value  -  minimum  value)/2. 
[0116]  With  the  fourth  through  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  above  exam- 
ples,  an  abnormal  pattern,  which  appears  in  the  soft  tissue  image,  is  found  by  processing  the  soft  tissue  image  signal 
obtained  from  the  image  operation  means.  Therefore,  an  abnormal  pattern  can  be  detected  accurately  without  any 

5  adverse  effects  from  bone  images. 
[0117]  With  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  abnormal  pattern 
finding  filter  works  such  that  the  differences,  Aij=fij-f0,  are  found  between  the  value  of  a  soft  tissue  image  signal  com- 
ponent  fO  representing  a  predetermined  picture  element  P0  and  the  values  of  the  soft  tissue  image  signal  components 
fij  representing  the  picture  elements  Pij.  The  picture  elements  Pij  are  located  on  each  of  a  plurality  of  lines  Li,  where 

10  i=l  ,  2,  n,  extending  from  the  predetermined  picture  element  P0  to  peripheral  parts  of  the  soft  tissue  image,  and  are 
spaced  a  plurality  of  predetermined  distances  rij,  where  j=1,  2,  m,  from  the  predetermined  picture  element  P0. 
Thereafter,  a  representative  value,  which  is  representative  of  the  differences  Aij,  is  found  for  each  of  the  lines  Li.  There- 
fore,  even  when  abnormal  patterns  are  present  in  circular  patterns  having  different  sizes  in  a  soft  tissue  image  and 
even  when  the  shapes  of  the  abnormal  patterns  deviate  slightly  from  circles,  for  example,  are  elliptic,  a  judgment  can 

is  be  made  accurately  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corre- 
sponding  to  an  abnormal  pattern.  Also,  with  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the 
example,  a  representative  value,  which  is  representative  of  the  differences  Aij,  is  found  for  each  of  the  lines  Li,  and  a 
calculation  is  made  to  find  a  mean-level  value  of  two  representative  values  for  each  set  of  two  lines  which  extend  from 
the  predetermined  picture  element  P0  in  approximately  opposite  directions.  Thereafter,  from  the  mean-level  values, 

20  which  have  been  calculated  for  a  plurality  of  the  sets  of  lines,  a  judgment  is  made  as  to  whether  the  predetermined 
picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  abnormal  pattern.  Accordingly,  even 
when  the  abnormal  pattern  is  present  in  a  region  of  the  soft  tissue  image  where  the  background  image  density  changes 
sharply,  a  judgment  can  be  made  accurately  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall 
within  the  region  corresponding  to  the  abnormal  pattern. 

25  [01  1  8]  With  the  fifth  and  sixth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  examples,  the  abnormal 
pattern  finding  filter  works  such  that  the  normalized  gradients  Vfi/IVfil  or  the  normalized  gradients  Vfij/IVfijl  are  calcu- 
lated.  Thereafter,  calculations  are  carried  out  which  yield  the  projections  of  the  normalized  gradients  on  vectors  directed 
from  the  picture  elements  Pi  or  the  picture  elements  Pij  to  the  predetermined  picture  element  P0,  the  projections  being 
expressed  as  Vfi/IVfil*ei  or  Vfij/IVfijl*ei.  Therefore,  adverse  effects  from  the  level  of  contrast  of  the  circular  pattern  with 

30  the  surrounding  image  areas  can  be  eliminated,  and  an  accurate  judgment  can  be  made  with  respect  to  the  shape  of 
the  pattern. 
[0119]  Also,  with  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  representative 
values  are  calculated  from  the  soft  tissue  image  signal  components  fij  representing  the  picture  elements  Pij,  which  are 
located  on  each  of  a  plurality  of  lines  Li  extending  from  a  predetermined  picture  element  P0  to  peripheral  parts  of  the 

35  soft  tissue  image,  and  which  are  spaced  a  plurality  of  predetermined  distances  rij  from  the  predetermined  picture 
element  P0.  Therefore,  even  when  abnormal  patterns  having  different  sizes  are  present  in  a  soft  tissue  image  and 
even  when  the  shapes  of  the  abnormal  patterns  deviate  slightly  from  circles,  for  example,  are  elliptic,  an  accurate 
judgment  can  be  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region 
corresponding  to  an  abnormal  pattern.  Even  in  such  cases,  adverse  effects  from  the  level  of  contrast  of  the  abnormal 

40  pattern  with  the  surrounding  image  areas  can  be  eliminated,  and  an  accurate  judgment  can  be  made  with  respect  to 
the  circular  shape  of  the  abnormal  pattern. 
[0120]  With  the  fifth  and  sixth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  above  examples,  by 
processing  the  soft  tissue  image  signal  with  the  abnormal  pattern  finding  filter,  an  abnormal  pattern  can  be  detected 
accurately  without  any  adverse  effects  from  bone  images. 

45  [0121]  With  the  seventh  and  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  above  examples, 
the  abnormal  pattern  finding  filter  works  such  that  the  ratio  of  the  first  characteristic  value  to  the  second  characteristic 
value  is  calculated  and  compared  with  a  predetermined  threshold  value.  From  the  results  of  the  comparison,  judgments 
are  made  as  to  whether  predetermined  picture  elements  fall  or  do  not  fall  within  the  region  corresponding  to  the  ab- 
normal  pattern.  Therefore,  a  circular  pattern  and  a  linear  pattern,  which  are  present  in  a  soft  tissue  image,  can  be 

so  accurately  discriminated  from  each  other  with  a  single  filter.  By  processing  the  soft  tissue  image  signal  with  the  abnormal 
pattern  finding  filter,  an  abnormal  pattern  can  be  detected  accurately  without  any  adverse  effects  from  bone  images. 
[0122]  Also,  with  the  eighth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  example,  the  abnormal 
pattern  finding  filter  works  such  that  the  mean-level  values  Qij  are  calculated,  each  representing  the  mean  level  of  the 
values  of  soft  tissue  image  signal  components  representing  the  picture  elements  located  in  each  of  the  peripheral 

55  regions,  each  said  peripheral  region  including  one  of  picture  elements  Pij.  The  picture  elements  Pij  are  located  on  each 
of  the  lines  Li  extending  from  a  predetermined  picture  element  P0  to  peripheral  parts  of  the  soft  tissue  image,  and  are 
spaced  a  plurality  of  predetermined  distances  rij,  where  j=1  ,  2,  m,  from  the  predetermined  picture  element  P0.  The 
representative  value  Qi,  which  is  representative  of  the  mean-level  values,  is  then  found  for  each  of  the  lines  Li.  There- 
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fore,  even  when  abnormal  patterns  having  different  sizes  are  present  in  a  soft  tissue  image  and  even  when  the  shapes 
of  the  abnormal  patterns  deviate  slightly  from  circles,  for  example,  are  elliptic,  an  accurate  judgment  can  be  made  as 
to  whether  a  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  an  abnormal 
pattern. 

5  [0123]  A  soft  tissue  image  will  also  include  linear  patterns,  such  as  blood  vessel  images.  Therefore,  there  is  the  risk 
that  a  region  composed  of  many  blood  vessel  images  is  detected  by  mistake  as  the  one  corresponding  to  an  abnormal 
pattern.  The  inventors  studied  about  circular  patterns  corresponding  to  tumor  images  and  regions  composed  of  many 
linear  patterns,  such  as  blood  vessel  images,  in  X-ray  images  of  the  chests.  As  a  result,  it  was  found  that  the  image 
density  is  comparatively  uniform  in  the  tumor  images,  whereas  the  image  density  changes  at  short  intervals  along  a 

10  single  direction  in  the  regions  composed  of  many  linear  patterns.  (In  most  cases,  the  blood  vessel  images,  or  the  like, 
extend  in  an  approximately  constant  direction.) 
[0124]  As  described  above,  the  fourth  through  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with 
the  above  examples  should  preferably  be  provided  with  the  judgment  means  for  making  a  judgment,  from  the  aforesaid 
mean-level  values,  which  have  been  calculated  for  the  two  different  directions,  as  to  whether  the  abnormal  pattern, 

is  which  has  been  found  by  the  abnormal  pattern  finding  means,  corresponds  or  does  not  correspond  to  a  region  com- 
posed  of  many  linear  patterns,  such  as  blood  vessel  images.  In  such  cases,  a  more  accurate  judgment  can  be  made 
as  to  whether  the  abnormal  pattern  once  detected  is  or  is  not  a  true  abnormal  pattern. 
[0125]  The  present  invention  further  provides  an  image  finding  apparatus  wherein,  from  an  image  signal  made  up 
of  a  series  of  image  signal  components  representing  a  radiation  image  of  a  human  body,  a  tumor  image  in  the  radiation 

20  image  is  found, 
the  image  finding  apparatus  comprising: 

i)  a  characteristic  measure  calculating  means  for  calculating  the  characteristic  measures  for  a  plurality  of  picture 
elements  in  said  radiation  image  by  processing  said  image  signal  with  a  spatial-domain  filter,  which  yields  the 

25  characteristic  measures  whose  values  vary  in  accordance  with  whether  a  predetermined  picture  element  in  said 
radiation  image  falls  or  does  not  fall  within  the  region  corresponding  to  said  tumor  image, 
ii)  a  prospective  tumor  image  finding  means  for  finding  the  prospective  tumor  images  from  said  characteristic 
measures,  and 
iii)  a  tumor  image  finding  means  for  finding  a  tumor  image  from  said  prospective  tumor  images. 

30 
[0126]  In  the  image  finding  apparatus  in  accordance  with  the  present  invention,  the  tumor  image  finding  means 
should  preferably  be  provided  with: 

a)  a  difference  calculating  means  for  calculating  a  plurality  of  differences  between  the  values  of  the  image  signal 
35  components  representing  adjacent  picture  elements  in  a  region  corresponding  to  each  said  prospective  tumor 

image,  said  picture  elements  being  located  along  each  of  two  different  directions  in  said  radiation  image, 
b)  a  mean  calculating  means  for  calculating  a  mean-level  value  of  the  absolute  values  of  the  plurality  of  said 
differences  for  each  of  two  said  different  directions,  or  a  mean-level  value  of  the  square  values  of  the  plurality  of 
said  differences  for  each  of  two  said  different  directions,  and 

40  c)  a  judgment  means  for  judging,  from  said  mean-level  values,  which  have  been  calculated  for  two  said  different 
directions,  whether  said  prospective  tumor  image  is  or  is  not  a  true  tumor  image. 

[0127]  The  term  "mean-level  value"  as  used  herein  for  the  image  finding  apparatus  in  accordance  with  the  present 
invention  means  one  of  various  types  of  values  which  represent  the  mean  level  of  the  absolute  values  or  the  square 

45  values  of  the  plurality  of  said  differences  for  each  of  the  two  different  directions.  For  example,  the  mean-level  value 
may  be  the  arithmetical  mean,  the  geometric  mean,  or  the  median  value  of  the  absolute  values  or  the  square  values 
of  the  plurality  of  said  differences  for  each  of  the  two  different  directions.  Alternatively,  the  mean-level  value  may  be 
calculated  with  the  formula  expressed  as  (maximum  value  -  minimum  value)/2. 
[0128]  With  the  image  finding  apparatus  in  accordance  with  the  present  invention,  by  virtue  of  the  provision  of  the 

so  characteristic  measure  calculating  means  and  the  prospective  tumor  image  finding  means,  all  of  the  prospective  tumor 
images  can  be  found  regardless  of  whether  noise  is  detected  together  with  them.  Also,  by  virtue  of  the  provision  of  the 
tumor  image  finding  means,  noise  can  be  eliminated  from  the  prospective  tumor  images,  and  a  true  tumor  image  can 
be  found  from  the  prospective  tumor  images  free  of  noise.  Therefore,  tumor  images  can  be  detected  accurately. 
[0129]  It  often  occurs  that  regions  composed  of  many  linear  patterns,  such  as  blood  vessel  images,  are  also  found 

55  as  prospective  tumor  images.  The  inventors  studied  about  tumor  images  and  regions  composed  of  many  linear  patterns, 
such  as  blood  vessel  images,  in  X-ray  images  of  the  chests.  As  a  result,  it  was  found  that  the  image  density  is  com- 
paratively  uniform  in  the  tumor  images,  whereas  the  image  density  changes  at  short  intervals  along  a  single  direction 
in  the  regions  composed  of  many  linear  patterns.  (In  most  cases,  the  blood  vessel  images,  or  the  like,  extend  in  an 
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approximately  constant  direction.) 
[0130]  Therefore,  in  cases  where  the  tumor  image  finding  means  of  the  image  finding  apparatus  in  accordance  with 
the  present  invention  is  provided  with  the  difference  calculating  means,  the  mean  calculating  means,  and  the  judgment 
means,  regions  composed  of  many  linear  patterns,  such  as  blood  vessel  images,  can  be  eliminated  from  the  prospective 

5  tumor  images.  Accordingly,  tumor  images  can  be  detected  more  accurately. 
[0131]  Figure  28  is  a  block  diagram  showing  an  image  display  apparatus  being  described  as  an  example  in  the 
present  application. 
[0132]  With  reference  to  Figure  28,  the  image  display  apparatus  in  accordance  with  the  example  comprises  a  first 
image  display  section  101  and  a  second  image  display  section  102. 

10  [0133]  The  first  image  display  section  101  receives  an  image  signal  S  representing  a  stationary  image  from  an  image 
read-out  apparatus,  an  image  storage  apparatus,  or  the  like.  When  an  image  control  signal  C,  which  represents  infor- 
mation  about  arrow  marks  and  the  positions  thereof,  information  about  characters  and  the  positions  thereof,  or  the 
like,  is  fed  from  an  input  means  101b  into  a  first  control  means  101a,  the  first  control  means  101a  alters  the  image 
signal  S  in  accordance  with  the  image  control  signal  C.  In  this  manner,  the  first  control  means  101a  generates  an  image 

is  signal  V,  which  represents  the  stationary  image  represented  by  the  image  signal  S  and  images  of  the  arrow  marks, 
the  characters,  or  the  like,  superposed  upon  the  stationary  image.  (In  cases  where  no  image  control  signal  C  is  fed 
into  the  first  control  means  101a,  the  image  signal  V  is  identical  with  the  image  signal  S.)  The  image  signal  V  is  fed 
into  a  first  display  means  101c.  The  first  display  means  101c  displays  a  visible  image  represented  by  the  image  signal 
V,  i.e.  a  visible  image,  which  is  composed  of  the  stationary  image  and  the  images  of  the  arrow  marks,  the  characters, 

20  or  the  like,  superposed  upon  the  stationary  image. 
[01  34]  Also,  the  image  signal  S  and  the  image  control  signal  C  are  fed  into  a  transmission  means  1  01  d,  which  sends 
them  into  the  second  image  display  section  102. 
[0135]  In  the  second  image  display  section  102,  a  reception  means  102a  receives  the  image  signal  S  and  the  image 
control  signal  C  from  the  transmission  means  1  01  d,  and  feeds  them  into  a  second  control  means  102b.  The  second 

25  control  means  102b  alters  the  image  signal  S,  which  represents  the  stationary  image,  in  accordance  with  the  image 
control  signal  C.  In  this  manner,  the  second  control  means  102b  generates  an  image  signal  V,  which  represents  the 
stationary  image  and  images  of  the  arrow  marks,  the  characters,  or  the  like,  superposed  upon  the  stationary  image. 
(In  cases  where  no  image  control  signal  C  is  fed  into  the  second  control  means  102b,  the  image  signal  V  is  identical 
with  the  image  signal  S.)  The  image  signal  V  is  fed  into  a  second  display  means  102c.  The  second  display  means 

30  1  02c  displays  a  visible  image  represented  by  the  image  signal  V. 
[0136]  The  image  signal  V  and  the  image  signal  V  need  not  necessarily  be  identical  with  each  other.  For  example, 
the  image  signal  V  may  represent  arrow  marks  which  are  stationary  and  those  which  are  moving.  On  the  other  hand, 
the  image  signal  V  may  not  represent  arrow  marks  which  are  moving,  but  may  represent  only  the  arrow  marks  which 
are  stationary.  Alternatively,  the  image  signal  V  may  represent  images  of  abbreviations,  which  are  represented  by  a 

35  signal  fed  from  the  input  means  101b  into  the  first  control  means  101a,  whereas  the  image  signal  V  may  represent 
full  characters  or  sentences  corresponding  to  the  abbreviations. 
[0137]  The  image  control  signal  C  is  meant  to  embrace  one  of  various  signals  which  make  some  alterations  of  the 
stationary  image  represented  by  the  image  signal  S.  For  example,  instead  of  representing  arrow  marks  or  characters, 
the  image  control  signal  C  may  designate  a  partial  region  in  a  stationary  image.  Alternatively,  the  image  control  signal 

40  c  may  represent  an  enlarged  image  of  a  partial  region  in  a  stationary  image.  As  another  alternative,  the  image  control 
signal  C  may  represent  a  stationary  image  or  a  partial  region  thereof  in  different  colors. 
[0138]  With  the  image  display  apparatus  in  accordance  with  the  example,  the  image  signal  S  representing  the  sta- 
tionary  image  is  transmitted  between  the  first  image  display  section  101  and  the  second  image  display  section  102. 
Also,  when  the  image  control  signal  C  is  generated  by  the  input  means  101b,  the  image  control  signal  C  is  transmitted 

45  independently.  Therefore,  the  image  signal  S  may  be  transmitted  only  once,  and  thereafter  only  the  image  control 
signal  C  may  be  transmitted.  Accordingly,  the  time  required  for  signals  to  be  transmitted  can  be  kept  shorter,  and  the 
cost  for  signal  transmission  can  be  kept  lower  than  when  the  image  signal  V  representing  the  image  displayed  with 
the  first  display  means  101c  is  transmitted. 

so  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0139] 

Figure  1  is  a  block  diagram  showing  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
55  invention, 

Figure  2  is  a  schematic  view  showing  an  example  of  an  X-ray  image  recording  apparatus, 
Figure  3  is  a  schematic  view  showing  an  example  of  an  X-ray  image  of  the  chest,  which  image  has  been  stored 
on  a  stimulable  phosphor  sheet, 
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Figure  4  is  a  perspective  view  showing  an  example  of  an  X-ray  image  read-out  apparatus  and  a  computer  system 
which  is  provided  with  an  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the 
present  invention, 
Figure  5  is  a  diagram  having  a  predetermined  picture  element  P0  from  an  X-ray  image  in  the  middle,  which  diagram 

5  serves  as  an  aid  in  explaining  how  a  spatial-domain  filter  works,  the  spatial-domain  filter  being  employed  to  find 
a  tumor  image  in  the  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention, 
Figure  6  is  a  graph  showing  an  example  of  the  profile  of  an  X-ray  image  around  a  predetermined  picture  element 
P0  in  the  direction  (x  direction)  along  which  the  lines  L1  and  L5  shown  in  Figure  5  extend, 

10  Figure  7  is  a  graph  showing  how  a  characteristic  value  is  determined  which  is  used  during  a  judgment  as  to  whether 
a  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  a  tumor  image, 
Figure  8  is  an  explanatory  view  showing  the  vector  of  a  gradient  Vfij  of  an  image  signal  component  fij, 
Figure  9A  is  a  diagram  showing  a  region  found  as  a  prospective  tumor  image,  which  region  corresponds  to  a  true 
tumor  image,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x  and  y  directions, 

is  Figure  9B  is  a  diagram  showing  a  region  found  as  a  prospective  tumor  image,  which  region  is  composed  of  many 
linear  patterns,  such  as  blood  vessel  images,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x  and  y 
directions, 
Figure  10  is  a  graph  showing  a  probability  density  function  of  an  image  signal  detected  from  the  X-ray  image  shown 
in  Figure  3, 

20  Figure  11  is  an  enlarged  view  showing  part  of  rib  images  (not  shown  in  Figure  3)  in  the  X-ray  image  of  the  chest 
shown  in  Figure  3, 
Figure  1  2  is  a  diagram  showing  an  example  of  a  prospective  tumor  image  which  has  been  found  by  a  prospective 
abnormal  pattern  finding  means, 
Figure  13  is  an  explanatory  view  showing  an  example  of  a  neural  network  which  is  provided  with  a  function  of 

25  learning  representations  by  back-propagating  errors  and  which  is  employed  in  an  abnormal  pattern  finding  means, 
Figure  14  is  a  block  diagram  showing  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the 
present  invention, 
Figure  15  is  a  block  diagram  showing  the  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention, 

30  Figure  16  is  a  schematic  view  showing  an  example  of  an  X-ray  image  of  the  chest,  which  image  has  been  stored 
on  a  stimulable  phosphor  sheet, 
Figure  17  is  a  graph  showing  a  probability  density  function  of  an  image  signal  detected  from  the  X-ray  image  shown 
in  Figure  16, 
Figure  18  is  an  explanatory  view  showing  how  the  positions  of  anatomical  regions  in  the  X-ray  image  of  the  chest 

35  are  detected, 
Figure  19  is  a  graph  showing  threshold  values  employed  for  the  anatomical  regions  in  the  X-ray  image,  which 
threshold  values  are  compared  with  a  characteristic  value  obtained  with  a  spatial-domain  filter, 
Figure  20A  is  a  diagram  showing  a  predetermined  region  designated  in  the  X-ray  image,  which  region  corresponds 
to  a  true  tumor  image,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x  and  y  directions, 

40  Figure  20B  is  a  diagram  showing  a  predetermined  region  designated  in  the  X-ray  image,  which  region  is  composed 
of  many  linear  patterns,  such  as  blood  vessel  images,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x 
and  y  directions, 
Figure  21  is  a  schematic  view  showing  an  example  of  an  X-ray  image  of  the  chest,  which  image  has  been  stored 
on  a  stimulable  phosphor  sheet, 

45  Figure  22  is  a  schematic  view  showing  an  example  of  an  X-ray  image  recording  apparatus, 
Figure  23  is  a  perspective  view  showing  an  example  of  an  X-ray  image  read-out  apparatus  and  a  computer  system 
which  is  provided  with  an  embodiment  of  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the 
present  invention, 
Figures  24A  and  24B  are  schematic  views  respectively  showing  an  original  image  and  a  soft  tissue  image, 

so  Figure  25  is  a  graph  showing  an  example  of  the  profile  of  a  soft  tissue  image  around  a  predetermined  picture 
element  P0  in  the  direction  (x  direction)  along  which  the  lines  L1  and  L5  shown  in  Figure  5  extend, 
Figure  26  is  a  graph  showing  how  a  characteristic  value  is  determined  which  is  used  during  a  judgment  as  to 
whether  a  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  a  tumor  image, 
Figure  27  is  a  diagram  having  a  predetermined  picture  element  P0  from  a  soft  tissue  image  in  the  middle,  which 

55  diagram  serves  as  an  aid  in  explaining  how  a  spatial-domain  filter  works,  the  spatial-domain  filter  being  employed 
in  an  embodiment  of  the  seventh  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention, 
Figure  28  is  a  block  diagram  showing  the  image  display  apparatus  in  accordance  with  the  present  invention, 
Figure  29  is  a  perspective  view  showing  an  example  of  an  image  read-out  apparatus,  and 
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Figure  30  is  a  perspective  view  showing  an  embodiment  of  the  image  display  apparatus  in  accordance  with  the 
present  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
5 

[0140]  The  present  invention  will  hereinbelow  be  described  in  further  detail  with  reference  to  the  accompanying 
drawings. 
[0141]  First,  an  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  inven- 
tion  will  be  described  below.  In  this  embodiment,  an  X-ray  image  of  the  chest  of  a  human  body  is  stored  on  a  stimulable 

10  phosphor  sheet,  and  an  image  of  a  tumor  is  detected  from  the  X-ray  image. 
[0142]  Figure  2  is  a  schematic  view  showing  an  example  of  an  X-ray  image  recording  apparatus. 
[0143]  With  reference  to  Figure  2,  X-rays  12  are  produced  by  an  X-ray  source  11  of  an  X-ray  image  recording  ap- 
paratus  and  irradiated  to  the  chest  1  3a  of  a  human  body  1  3.  X-rays  1  2a,  which  have  passed  through  the  human  body 
13,  impinge  upon  a  stimulable  phosphor  sheet  14.  In  this  manner,  an  X-ray  image  of  the  chest  13a  of  the  human  body 

is  1  3  is  stored  on  the  stimulable  phosphor  sheet  1  4. 
[0144]  Figure  3  is  a  schematic  view  showing  an  example  of  an  X-ray  image  of  the  chest,  which  image  has  been 
stored  on  a  stimulable  phosphor  sheet. 
[0145]  With  reference  to  Figure  3,  the  X-ray  image  comprises  a  lung  region  image  15,  a  skin  image  16,  and  a  back- 
ground  region  1  7,  upon  which  the  X-rays  1  2  shown  in  Figure  2  impinged  directly  without  passing  through  the  object  1  3. 

20  [0146]  Figure  4  is  a  perspective  view  showing  an  example  of  an  X-ray  image  read-out  apparatus  and  a  computer 
system  which  is  provided  with  an  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the 
present  invention. 
[0147]  With  reference  to  Figure  4,  a  stimulable  phosphor  sheet  14,  on  which  the  X-ray  image  shown  in  Figure  3  has 
been  stored,  is  placed  at  a  predetermined  position  in  an  X-ray  image  read-out  apparatus  20.  The  stimulable  phosphor 

25  sheet  14  is  then  conveyed  in  a  sub-scanning  direction  indicated  by  the  arrow  Y  by  a  sheet  conveyance  means  22, 
which  is  constituted  of  an  endless  belt  or  the  like  and  which  is  operated  by  a  motor  21  .  A  laser  beam  24,  which  serves 
as  stimulating  rays,  is  produced  by  a  laser  beam  source  23,  and  is  reflected  and  deflected  by  a  rotating  polygon  mirror 
26  which  is  quickly  rotated  by  a  motor  25  in  the  direction  indicated  by  the  arrow.  The  laser  beam  24  then  passes  through 
a  converging  lens  27  constituted  of  an  f6  lens  or  the  like.  The  direction  of  the  optical  path  of  the  laser  beam  24  is  then 

30  changed  by  a  mirror  28,  and  the  laser  beam  24  impinges  upon  the  stimulable  phosphor  sheet  1  4  and  scans  it  in  a  main 
scanning  direction  indicated  by  the  arrow  X,  which  direction  is  approximately  normal  to  the  sub-scanning  direction 
indicated  by  the  arrow  Y.  When  the  stimulable  phosphor  sheet  1  4  is  exposed  to  the  laser  beam  24,  the  exposed  portion 
of  the  stimulable  phosphor  sheet  14  emits  light  29  in  an  amount  proportional  to  the  amount  of  energy  stored  thereon 
during  its  exposure  to  the  X-rays.  The  emitted  light  29  is  guided  by  a  light  guide  member  30  and  photoelectrically 

35  detected  by  a  photomultiplier  31  .  The  light  guide  member  30  is  made  from  a  light  guiding  material  such  as  an  acrylic 
plate  and  has  a  linear  light  input  face  30a,  positioned  so  that  it  extends  along  the  main  scanning  line  on  the  stimulable 
phosphor  sheet  1  4,  and  a  ring-shaped  light  output  face  30b,  positioned  so  that  it  is  in  close  contact  with  a  light  receiving 
face  of  the  photomultiplier  31  .  The  emitted  light  29,  which  has  entered  the  light  guide  member  30  at  its  light  input  face 
30a,  is  guided  through  repeated  total  reflection  inside  of  the  light  guide  member  30,  emanates  from  the  light  output 

40  face  30b,  and  is  received  by  the  photomultiplier  31  .  In  this  manner,  the  amount  of  the  emitted  light  29,  which  amount 
represents  the  X-ray  image,  is  converted  into  an  electric  signal  by  the  photomultiplier  31  . 
[0148]  An  analog  output  signal  SO  generated  by  the  photomultiplier  31  is  logarithmically  amplified  by  a  logarithmic 
amplifier  32,  and  digitized  by  an  A/D  converter  33  into  an  electric  image  signal  S1  . 
[0149]  The  image  signal  S1  is  then  fed  into  a  computer  system  40.  The  computer  system  40  is  provided  with  an 

45  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention.  The  computer 
system  70  comprises  a  main  body  41  in  which  a  CPU  and  an  internal  memory  are  incorporated,  a  disk  drive  unit  42 
which  operates  a  floppy  disk  serving  as  a  subsidiary  memory,  a  keyboard  43  from  which  necessary  instructions,  or  the 
like,  are  fed  into  the  computer  system  40,  and  a  CRT  display  device  44  which  displays  necessary  information. 
[0150]  From  the  image  signal  S1  ,  which  is  made  up  of  a  series  of  image  signal  components  representing  the  X-ray 

so  image  and  which  has  been  fed  into  the  computer  system  40,  an  abnormal  pattern  in  the  X-ray  image  is  detected.  The 
computer  system  40  carries  out  the  operations  corresponding  to  the  blocks  1  through  4  shown  in  Figure  1  .  The  blocks 
1  through  4  shown  in  Figure  1  will  hereinafter  be  referred  to  as  the  functions  of  the  computer  system  40. 
[0151]  The  image  signal  S1  ,  which  is  a  digital  electric  signal  representing  the  X-ray  image  shown  in  Figure  3,  is  fed 
into  the  prospective  abnormal  pattern  finding  means  1  and  the  information  operating  means  2  shown  in  Figure  1. 

55  Examples  of  the  operations  carried  out  by  the  prospective  abnormal  pattern  finding  means  1  will  first  be  described 
below,  and  examples  of  the  operations  carried  out  by  the  information  operating  means  2  will  then  be  described  below. 
[0152]  In  the  embodiment  described  below,  an  image  of  a  tumor,  which  typically  has  an  approximately  spherical 
shape  in  the  lungs  of  a  human  body,  is  detected  as  an  abnormal  pattern  from  the  X-ray  image.  In  a  visible  image 
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reproduced  from  the  image  signal  S1  ,  the  tumor  image  typically  appears  as  an  approximately  circular  pattern  having 
a  lower  density  than  the  areas  of  the  image  surrounding  the  tumor  image. 

Prospective  abnormal  pattern  finding  means 
5 

[0153]  Figure  5  is  a  diagram  having  a  predetermined  picture  element  P0  from  an  X-ray  image  in  the  middle,  which 
diagram  serves  as  an  aid  in  explaining  how  a  spatial-domain  filter  works,  the  spatial-domain  filter  being  employed  to 
find  a  tumor  image  in  the  prospective  abnormal  pattern  finding  means  1  .  A  judgment  is  made  as  to  whether  a  prede- 
termined  picture  element  P0  in  the  X-ray  image  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image 

10  in  the  X-ray  image.  The  tumor  image  in  the  X-ray  image  can  be  detected  by  processing  the  image  signal  components 
representing  the  picture  elements  of  the  X-ray  image  with  the  filter  illustrated  in  Figure  5. 
[0154]  Figure  6  is  a  graph  showing  an  example  of  the  profile  of  an  X-ray  image  around  a  predetermined  picture 
element  P0  in  the  direction  (x  direction)  along  which  the  lines  L1  and  L5  shown  in  Figure  5  extend.  In  this  example, 
the  predetermined  picture  element  P0  is  located  approximately  at  the  middle  of  a  tumor  image  7,  which  is  close  to  a 

is  rib  image  6.  Typically,  the  profile  of  a  tumor  image  (i.e.  the  distribution  of  the  values  of  the  image  signal  components 
representing  the  tumor  image)  is  approximately  symmetric  bilaterally.  However,  in  cases  where,  for  example,  the  tumor 
image  7  is  close  to  a  rib  image  6  as  in  the  illustrated  example,  it  often  occurs  that  the  profile  of  the  tumor  image  7  is 
not  symmetric  bilaterally.  It  is  important  that  the  tumor  image  7  can  be  detected  even  in  such  cases.  In  Figure  6,  the 
broken  line  8  represents  an  example  of  the  profile  of  an  X-ray  image  including  no  tumor  image. 

20  [0155]  As  shown  in  Figure  5,  a  plurality  of  (in  this  case,  eight)  imaginary  lines  Li,  where  i=1  ,  2,  8,  extend  from  the 
predetermined  picture  element  P0  in  the  X-ray  image  to  peripheral  parts  of  the  X-ray  image.  Also,  imaginary  circles 
Rj,  where  j=1  ,  2,  3,  having  radii  r1  ,  r2,  and  r3  extend  around  the  predetermined  picture  element  P0.  The  image  signal 
component  fO  representing  the  predetermined  picture  element  P0  is  found.  Also,  the  image  signal  components  fij  are 
found  which  represent  the  picture  elements  Pij  located  at  the  intersections  of  each  of  the  lines  Li  and  the  circles  Rj.  (In 

25  Figure  5,  P11  ,  P12,  and  P1  3  denote  picture  elements  located  at  the  intersections  of  a  line  L1  and  circles  R1  ,  R2,  and 
R3.  Also,  P51  ,  P52,  and  P53  denote  the  picture  elements  located  at  the  intersections  of  a  line  L5  and  the  circles  R1  , 
R2,  and  R3.) 
[01  56]  Thereafter,  differences  Aij  between  the  value  of  the  image  signal  component  fO  representing  the  predetermined 
picture  element  P0  and  the  values  of  the  image  signal  components  fij  representing  the  picture  elements  Pij  are  calcu- 

30  lated  from  Formula  (3),  which  is  expressed  as 

Aij  =  fij  -  fO  (3) 

35  (i  =  1,2,....,8;  j  =  1,2,3) 
[0157]  For  each  of  the  lines  Li,  the  maximum  value  of  the  differences  Aij,  which  have  been  calculated  from  Formula 
(3),  is  then  found.  Specifically,  for  the  line  L1  ,  the  maximum  value  of  the  differences  between  the  value  of  the  image 
signal  component  fO  representing  the  predetermined  picture  element  P0  and  the  values  of  the  image  signal  components 
f11  ,  f12,  and  f13  representing  the  picture  elements  P11  ,  P12,  and  P13  is  found.  The  differences  can  be  expressed  as 

40 

A11  =f11  -  fO 

A12  =  f12  -fO 

A13  =  f13-f0 

50  In  this  example,  as  illustrated  in  Figure  6,  A1  3<A12<A11<0,  and  therefore  the  difference  A11  is  found  to  be  the  maximum 
value. 
[0158]  For  the  line  L5,  the  maximum  value  of  the  differences  between  the  value  of  the  image  signal  component  fO 
representing  the  predetermined  picture  element  P0  and  the  values  of  the  image  signal  components  f51  ,  f52,  and  f53 
representing  the  picture  elements  P51  ,  P52,  and  P53  is  also  found.  The  differences  are  expressed  as 

55 

A51  =  f51  -  fO 
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A52  =  f52  -  fO 

5  A53  =  f53  -  fO 

In  this  example,  the  difference  A53  is  found  to  be  the  maximum  value. 
[0159]  In  the  manner  described  above,  for  each  of  the  lines  Li,  the  differences  between  the  value  of  the  image  signal 
component  fO  representing  the  predetermined  picture  element  P0  and  the  values  of  the  image  signal  components  fij 

10  representing  the  picture  elements  Pij  are  calculated,  and  the  maximum  value  of  the  differences  is  found.  Therefore, 
tumor  images  having  various  sizes  can  be  detected. 
[0160]  Thereafter,  calculations  are  made  to  find  the  mean-level  value,  for  example,  the  mean  value,  of  two  maximum 
values,  which  have  been  found  for  each  set  of  two  lines  extending  from  the  predetermined  picture  element  P0  in 
opposite  directions.  Specifically,  mean  values  M15,  M26,  M37,  and  M48  are  calculated  respectively  for  the  set  of  lines 

15  L1  and  L5,  the  set  of  lines  L2  and  L6,  the  set  of  lines  L3  and  L7,  and  the  set  of  lines  L4  and  L8.  For  the  set  of  lines  L1 
and  L5,  the  mean  value  M15  is  given  by  the  formula 

[0161]  As  described  above,  two  lines  extending  from  the  predetermined  picture  element  P0  in  opposite  directions 
are  grouped  into  a  single  set.  Therefore,  a  tumor  image  can  be  detected  accurately  even  when,  as  shown  in  Figure  6, 
it  is  present  in  the  vicinity  of,  for  example,  a  rib  image  and  the  distribution  of  the  values  of  the  image  signal  components 
representing  the  tumor  image  is  asymmetric. 

25  [0162]  From  the  mean  values  M15,  M26,  M37,  and  M48,  which  have  been  calculated  in  the  manner  described  above, 
a  characteristic  value  C1  is  calculated  in  the  manner  described  below.  The  characteristic  value  C1  is  used  during  the 
judgment  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to 
the  tumor  image. 
[0163]  Figure  7  is  a  graph  showing  how  the  characteristic  value  C1  is  determined.  In  Figure  7,  the  horizontal  axis 

30  represents  the  mean  values  M15,  M26,  M37,  and  M48,  which  have  been  calculated  in  the  manner  described  above. 
The  vertical  axis  represents  rating  values  C1  5,  C26,  C37,  and  C48,  which  correspond  respectively  to  the  mean  values 
M15,  M26,  M37,  and  M48. 
[0164]  A  rating  value  of  zero  is  assigned  to  the  mean  values  M15,  M26,  M37,  and  M48  in  cases  where  they  are 
smaller  than  a  certain  value  M1.  A  rating  value  of  1.0  is  assigned  to  the  mean  values  M15,  M26,  M37,  and  M48  in 

35  cases  where  they  are  larger  than  a  certain  value  M2.  In  cases  where  the  mean  values  M15,  M26,  M37,  and  M48  fall 
within  the  range  of  M1  to  M2,  a  rating  value  falling  within  the  range  of  0.0  to  1  .0  is  assigned  to  the  mean  values  M15, 
M26,  M37,  and  M48,  depending  upon  their  values.  In  this  manner,  the  rating  values  C15,  C26,  C37,  and  C48  are  found, 
which  correspond  respectively  to  the  mean  values  M1  5,  M26,  M37,  and  M48.  The  sum  of  the  rating  values  C1  5,  C26, 
C37,  and  C48,  which  is  expressed  as 

40 

C1  =  C1  5  +  C26  +  C37  +  C48  (5) 

is  taken  as  the  characteristic  value  C1  .  The  characteristic  value  C1  will  fall  within  the  range  of  a  minimum  value  0.0  to 
45  a  maximum  value  4.0. 

[0165]  The  characteristic  value  C1  is  then  compared  with  a  predetermined  threshold  value  Th1.  From  whether 
C1  STh1  or  C1  <Th1  ,  the  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall 
within  the  region  corresponding  to  the  tumor  image. 
[0166]  The  tumor  image  in  the  X-ray  image  can  be  found  by  processing  the  image  signal  components  representing 

50  the  picture  elements  of  the  X-rays  with  the  spatial-domain  filter  described  above,  i.e.  by  making  judgments  as  to  whether 
predetermined  picture  elements  in  the  X-ray  image  fall  or  do  not  fall  within  the  region  corresponding  to  the  tumor  image. 
During  the  processing  with  the  filter,  images  which  do  not  actually  correspond  to  tumor  images  will  also  be  found. 
Therefore,  the  patterns,  which  have  been  found  with  the  processing,  will  herein  be  referred  to  as  the  prospective  tumor 
images. 

55  [0167]  No  limitation  is  imposed  on  the  type  of  the  filter,  which  is  employed  to  detect  the  prospective  tumor  images 
in  the  prospective  abnormal  pattern  finding  means  1  shown  in  Figure  1  .  Another  example  of  the  filter  will  be  described 
hereinbelow. 
[0168]  Specifically,  calculations  are  made  to  find  the  gradients  Vfij  of  the  image  signal  components  fij  representing 

24 



EP  0  405  456  B1 

the  picture  elements  Pij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  which  are  shown  in  Figure  5. 
[0169]  The  term  "gradient"  as  used  herein  means  the  vector  expressed  as 

Vf(m,n)  =  (f(m+1,n)  -f(m,n), 

f(m,n+1)  -f(m,n))  (6) 

In  Formula  (6),  (m,n)  denotes  the  x  and  y  coordinates  of  a  certain  picture  element  P  in  a  radiation  image,  (m+1,n) 
denotes  the  coordinates  of  a  picture  element  P',  which  is  adjacent  to  the  picture  element  P  in  the  x  direction,  and  (m, 
n+1)  denotes  the  coordinates  of  a  picture  element  P",  which  is  adjacent  to  the  picture  element  P  in  the  y  direction. 
Also,  f(m,n),  f(m+1,n),  and  f(m,n+1)  respectively  denote  the  values  of  the  image  signal  components  representing  the 
picture  elements  P,  P',  and  P". 
[0170]  Figure  8  shows  the  gradient  of  an  image  signal  component  fij.  How  it  is  calculated  is  described  below. 
[0171]  After  the  gradients  Vfij  have  been  calculated,  the  magnitudes  of  the  gradients  Vfij  are  made  equal  to  1.0. 
Specifically,  the  normalized  gradients  Vfij/IVfijl  can  be  calculated  by  dividing  the  gradients  Vfij  by  their  magnitudes  IVfijl. 
[0172]  Thereafter,  the  projections  of  the  normalized  gradients  Vfij/IVfijl  onto  the  vectors  directed  from  the  picture 
elements  Pij  to  the  predetermined  picture  element  P0  are  calculated.  The  projections  are  expressed  as  Vfij/IVfijl*ei, 
where  i  denotes  the  unit  vectors  directed  from  the  picture  elements  Pij  to  the  predetermined  picture  element  P0,  and 
*  denotes  the  inner  product. 
[0173]  As  for  the  sign  of  the  projections,  the  direction  heading  towards  the  predetermined  picture  element  P0  is  taken 
as  positive,  and  the  direction  heading  away  from  the  predetermined  picture  element  P0  is  taken  as  negative.  For  each 
of  the  lines  Li,  where  i=1  ,2,  8,  the  maximum  value  of  the  projections  is  found.  The  maximum  value  is  expressed  as 

{Vfij/IVfijl*ei}M 

(i  =  1,2,....,8) 
[0174]  Thereafter,  the  sum  of  the  maximum  values  which  were  found  for  each  of  the  respective  lines  Li  is  calculated. 
This  sum  is  expressed  as 

S  {Vf  i j / | V f   i j | * e i ) M  
i= l  

[0175]  The  sum  expressed  as 

S  { V f i j / | V f i j | * e i ) M  
i = l  

is  taken  as  a  characteristic  value  C2.  The  characteristic  value  C2  is  then  compared  with  a  predetermined  threshold 
value  Th2.  From  whether  C2STh2  or  C2<Th2,  a  judgment  is  made  as  to  whether  the  predetermined  picture  element 
P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image. 
[0176]  With  the  filter  described  above,  the  gradients  Vfij  are  normalized,  and  only  the  projections  thereof  (i.e.  the 
extent  of  differences  in  the  value  of  the  signal  components  in  the  directions  of  the  lines  Li)  onto  vectors  directed  from 
the  picture  elements  Pij  to  the  predetermined  picture  element  P0  are  taken  into  consideration.  Therefore,  a  character- 
istic  value  C2  is  obtained,  which  will  be  large  for  a  tumor  image  having  a  circular  shape  and  which  does  not  depend 
on  the  contrast  of  the  tumor  image  with  respect  to  the  image  regions  around  the  tumor  image.  Accordingly,  the  tumor 
image  can  be  detected  accurately. 
[0177]  A  further  example  of  the  filter,  which  can  be  employed  in  the  prospective  abnormal  pattern  finding  means  1 
shown  in  Figure  1  will  be  described  hereinbelow. 
[0178]  As  shown  in  Figure  5,  the  area  of  a  center  region  Q0  including  the  predetermined  picture  element  P0  is 
selected.  Also,  the  areas  of  peripheral  regions  Qij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  are  selected  for  each  of  the  lines 
Li.  Each  of  the  peripheral  regions  Qij  includes  one  of  a  plurality  of  picture  elements  Pij,  where  i=1  ,  2,  8  and  j=1  ,  2, 
3.  (In  Figure  5,  Q11  ,  Q12,  Q13,  Q51  ,  Q52,  and  Q53  denote  the  peripheral  regions  which  respectively  include  the  picture 
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elements  P11,  P12,  P13,  P51,  P52,  and  P53.) 
[0179]  Thereafter,  a  calculation  is  made  to  find  a  mean-level  value  Q0  of  the  values  of  image  signal  components 
representing  a  plurality  of  picture  elements,  which  are  located  in  the  center  region  Q0.  Also,  calculations  are  made  to 
find  mean-level  values  Qij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  each  representing  the  mean  level  of  the  values  of  image 

5  signal  components  representing  a  plurality  of  picture  elements  located  in  each  of  the  peripheral  regions  Qij,  where  i=1  , 
2,  8  and  j=1  ,  2,  3.  As  an  aid  in  facilitating  the  explanation,  Q0  represents  both  the  center  region  and  the  mean-level 
value  of  the  values  of  image  signal  components  representing  the  picture  elements,  which  are  located  in  the  center 
region.  Also,  Qij,  where  i=1,  2,  8  and  j=1,  2,  3,  represents  both  the  peripheral  regions  and  the  mean-level  values 
representing  the  mean  level  of  the  values  of  the  image  signal  components  representing  the  picture  elements,  which 

10  are  located  in  each  of  the  peripheral  regions. 
[0180]  Thereafter,  differences  Aij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  between  the  mean-level  value  Q0  corresponding 
to  the  center  region  and  the  respective  mean-level  values  Qij  corresponding  to  the  peripheral  regions  are  calculated 
from  the  formula 

15 
Aij  =  Qij  -  Q0  (7) 

For  each  of  the  lines  Li,  the  maximum  value  Ai  of  the  differences  Aij  is  then  found.  Specifically,  as  for  the  line  L1,  a 
maximum  value  A1  is  found  from  A1  1  ,  A1  2,  and  A1  3.  As  for  the  line  L5,  a  maximum  value  A5  is  found  from  A51  ,  A52, 

20  and  A53. 
[0181]  A  first  characteristic  value  U  is  then  found,  which  is  representative  of  the  maximum  values  Ai,  where  i=1  ,  2, 
8,  which  have  been  found  for  the  plurality  of  the  lines  Li.  Also,  a  second  characteristic  value  V  is  found,  which  represents 
the  amount  of  dispersion  in  the  maximum  values  Ai,  where  i=1,  2,  8.  For  this  purpose,  first,  characteristic  values 
U1  ,  U2,  U3,  and  U4,  and  characteristic  values  V1  ,  V2,  V3,  and  V4  are  calculated  from  the  formulas 

25 

U1  =  (A1  +  A2  +  A5  +  A6)/4  (8) 

30  U2  =  (A2  +  A3  +  A6  +  A7)/4  (9) 

U3  =  (A3  +  A4  +  A7  +  A8)/4  (10) 

35 
U4=(A4  +  A5  +  A8  +  A1)/4  (11) 

V1=U1/U3  (12) 
40 

V2=U2/U4  (13) 

45  V3=U3/U1  (14) 

V4=U4/U2  (15) 

50  [0182]  By  way  of  example,  the  process  for  calculating  the  characteristic  value  U1  from  Formula  (8)  has  the  effects 
described  below.  Specifically,  the  addition  of  the  maximum  values  corresponding  to  two  adjacent  groups  of  peripheral 
regions,  which  are  located  on  the  same  side  with  respect  to  the  predetermined  picture  element  P0,  (i.e.  the  addition 
of  A1  and  A2,  or  the  addition  of  A5  and  A6)  corresponds  to  a  smoothing  process.  Also,  the  maximum  values  corre- 
sponding  to  peripheral  regions,  which  are  located  on  opposite  sides  with  respect  to  the  predetermined  picture  element 

55  P0,  are  added  together  (in  the  case  of  Formula  (8),  the  sum  of  A1  and  A2  and  the  sum  of  A5  and  A6  are  added  together). 
Such  an  addition  is  carried  out  in  order  that  a  tumor  image  can  be  detected  even  when,  as  shown  in  Figure  6,  the 
distribution  of  the  values  of  the  image  signal  components  representing  the  tumor  image  is  asymmetric. 
[0183]  As  for  the  calculation  of  the  characteristic  value  V1  from  Formula  (12),  the  characteristic  values  U1  and  U3 
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represent  characteristics  of  the  image  in  directions  which  are  perpendicular  to  each  other.  Therefore,  in  cases  where 
the  shape  of  the  tumor  image  is  circular  in  Figure  6,  V1  will  be  approximately  equal  to  1  .0.  In  cases  where  the  prede- 
termined  picture  element  P0  is  present  in  a  linear  image,  such  as  a  rib  image,  V1  will  not  be  equal  to  1  .0. 
[0184]  As  the  first  characteristic  value  U,  which  is  representative  of  the  maximum  values  Ai,  where  i=1  ,  2,  8,  of 

5  the  aforesaid  differences,  the  maximum  value  of  the  characteristic  values  U1  ,  U2,  U3,  and  U4,  i.e. 

U  =  MAX(U1,U2,U3,U4)  (16) 

10  is  employed.  Also,  as  the  second  characteristic  value  V,  which  represents  the  amount  of  dispersion  in  the  maximum 
values  Ai,  where  i=1  ,  2,  8,  of  the  aforesaid  differences,  the  maximum  value  of  the  characteristic  values  V1  ,  V2,  V3, 
and  V4,  i.e. 

15  V=  MAX(V1,V2,V3,V4)  (17) 

is  employed.  After  the  first  characteristic  value  U  and  the  second  characteristic  value  V  have  been  found  in  the  manner 
described  above,  a  characteristic  value  C3  is  calculated  and  then  used  during  the  judgment  as  to  whether  a  predeter- 
mined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image.  As  the  characteristic 

20  value  C3,  the  ratio  of  the  first  characteristic  value  U  to  the  second  characteristic  value  Vis  employed,  which  is  expressed 
as 

C3=^  (18) 
25 

The  characteristic  value  C3  is  then  compared  with  a  predetermined  threshold  value  Th3.  From  whether  C3STh3  or 
C3<Th3,  the  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the 
region  corresponding  to  the  tumor  image. 
[0185]  As  described  above,  in  the  prospective  abnormal  pattern  finding  means  1  of  the  computer  system  40  shown 

30  in  Figure  4,  the  image  signal  representing  the  X-ray  image  is  processed  with  the  spatial-domain  filter,  and  a  circular 
pattern,  which  is  considered  to  be  a  tumor  image,  is  detected. 
[0186]  In  the  examples  of  the  filters  described  above,  eight  imaginary  lines,  L1  through  L8,  are  drawn  around  a 
predetermined  picture  element  P0  in  an  X-ray  image.  However,  the  number  of  lines  Li  is  not  limited  to  eight,  but  may, 
for  example,  be  1  6.  Also,  the  distances  from  the  predetermined  picture  element  P0  are  not  limited  to  the  three  distances 

35  (r1  ,  r2,  and  r3).  For  example,  in  cases  where  the  sizes  of  the  tumor  images,  which  are  to  be  detected,  are  approximately 
the  same,  only  a  single  distance  need  be  employed.  Also,  in  order  for  tumor  images  having  various  sizes  to  be  detected 
more  accurately,  operations  may  be  carried  out  for  a  plurality  of  distances  whose  lengths  vary  approximately  continu- 
ously  between  the  length  of  the  distance  r1  and  the  length  of  the  distance  r3. 
[0187]  Also,  the  prospective  abnormal  pattern  finding  means  1  may  employ  any  of  otherfilters.  However,  it  isdesirable 

40  that  all  of  the  prospective  abnormal  patterns  can  be  found  regardless  of  whether  noise  (for  example,  patterns  which 
are  not  actually  the  tumor  images)  is  found  together  with  them.  Therefore,  the  prospective  abnormal  pattern  finding 
means  1  should  preferably  employ  a  filter  suitable  for  this  purpose. 
[01  88]  During  the  processing  of  the  image  signal  with  one  of  the  filters  described  above,  it  will  often  occur  that  regions 
composed  of  many  linear  patterns,  such  as  blood  vessel  images,  are  also  found  as  the  prospective  tumor  images. 

45  Therefore,  after  finding  the  prospective  tumor  images,  the  prospective  abnormal  pattern  finding  means  1  eliminates 
such  regions  from  the  prospective  tumor  images. 
[0189]  Figure  9A  is  a  diagram  showing  a  region  found  as  a  prospective  tumor  image,  which  region  corresponds  to 
a  true  tumor  image,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x  and  y  directions.  Figure  9B  is  a  diagram 
showing  a  region  found  as  a  prospective  tumor  image,  which  region  is  composed  of  many  linear  patterns,  such  as 

so  blood  vessel  images,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x  and  y  directions.  In  each  of  Figures  9A 
and  9B,  the  region  surrounded  by  the  broken  line  9,  i.e.  the  region  A,  is  the  one  which  has  been  found  as  a  prospective 
tumor  image.  The  graphs  show  the  profiles  of  the  X-ray  image  (i.e.  the  distributions  of  the  values  of  the  image  signal 
S1  )  in  the  region  A  along  the  x  and  y  directions. 
[0190]  As  shown  in  Figure  9A,  a  tumor  image  has  concave,  comparatively  flat  profiles  in  the  x  and  y  directions.  On 

55  the  other  hand,  as  shown  in  Figure  9B,  in  a  region  composed  of  many  linear  patterns,  the  image  profile  in  one  direction 
(x  direction  in  Figure  9B)  changes  at  short  intervals,  and  the  image  profile  in  the  other  direction  (y  direction  in  Figure 
9B)  is  comparatively  flat.  Therefore,  the  difference  in  image  profile  is  utilized  during  the  elimination  of  regions,  which 
are  composed  of  many  linear  patterns,  from  the  prospective  tumor  images.  Specifically,  a  mean  value  is  calculated 
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from  the  square  values  of  first-order  differences  between  the  values  of  image  signal  components  representing  adjacent 
picture  elements,  which  are  located  along  each  of  the  x  and  y  directions  in  the  region  A.  The  calculations  are  carried 
out  with  the  formulas 

Zx  =  E  E  { f ( m + l , n )   -  f ( m , n ) } 2 / N   ( 1 9 )  
m  n 

(  m,  n  )  CA 

Zy  =  E  E  { f ( m , n + l )   -  f ( m , n ) } 2 / N   ( 2 0 )  
m  n 

(  m,  n  )  CA 

15 
In  Formulas  (19)  and  (20),  m,  where  m=1  ,  2,  denotes  picture  elements  located  along  the  x  direction,  and  n,  where 
n=1,  2,  denotes  picture  elements  located  along  the  y  direction.  Also,  f(m,n)  denotes  the  values  of  image  signal 
components  representing  the  picture  elements  (m,n).  Further, 

20 
E  E 
m  n 

(m,  n)cA 

25  denotes  the  addition  of  the  square  values  of  first-order  differences  in  the  region  A,  and  N  denotes  the  number  of  picture 
elements  in  the  region  A. 
[0191]  Thereafter,  a  calculation  is  made  to  find  a  characteristic  value  C4  which  is  used  during  the  judgment  as  to 
whether  a  region  is  or  is  not  to  be  eliminated  from  the  prospective  tumor  images.  The  calculation  is  carried  out  with 
the  formula 

30 

c4=  min(Zx>zy)  (21) max(Zx,Zy) 

where  min(Zx,Zy)  denotes  the  mean  value  Zx  or  the  mean  value  Zy,  whichever  is  smaller,  and  max(Zx,Zy)  denotes 
35  the  mean  value  Zx  or  the  mean  value  Zy,  whichever  is  larger.  The  characteristic  value  C4  is  then  compared  with  a 

predetermined  threshold  value  Th4.  When  C4STh4,  the  region  is  not  eliminated  from  the  prospective  tumor  images. 
When  C4<Th4,  the  region  is  eliminated  from  the  prospective  tumor  images. 
[0192]  The  characteristic  value  C4  need  not  necessarily  be  calculated  with  Formula  (21),  but  may  be  calculated  with, 
for  example,  one  of  the  formulas 

40 

C4  =  | x ^ l  
Zx  +  Zy 

C4  =  IZx  -  Zyl  (23) 

Also,  in  the  example  described  above,  calculations  are  carried  out  to  find  the  first-order  differences  f(m+1  ,n)-f(m,n),  f 
(m,n+1)-f(m,n)  between  the  values  of  image  signal  components  representing  adjacent  picture  elements,  which  are 
located  along  each  of  the  x  and  y  directions  in  the  region  A.  Alternatively,  calculations  may  be  made  to  find  differences 
between  the  values  of  image  signal  components  representing  adjacent  picture  elements,  which  are  located  in  the 
region  A  along  oblique  directions,  which  are  not  perpendicular  to  the  x  direction  nor  to  the  y  direction. 
[0193]  In  the  manner  described  above,  the  prospective  abnormal  pattern  finding  means  1  of  the  computer  system 
40  shown  in  Figure  4  finds  the  prospective  tumor  images  by  processing  the  image  signal  representing  the  X-ray  image 
with  the  spatial-domain  filter.  Thereafter,  the  prospective  abnormal  pattern  finding  means  1  judges,  from  the  charac- 
teristic  value  C4  calculated  with  Formula  (21  ),  whether  a  region,  which  has  been  found  as  a  prospective  tumor  image, 
is  or  is  not  to  be  eliminated  from  the  prospective  tumor  images.  A  value  of  1  is  then  allocated  to  image  signal  components 
representing  the  picture  elements  located  in  the  regions  corresponding  to  the  remaining  prospective  tumor  images, 
and  a  value  of  0  is  allocated  to  image  signal  components  representing  the  picture  elements  located  in  image  areas 
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outside  of  said  regions  corresponding  to  the  remaining  prospective  tumor  images.  In  this  manner,  a  binary  image  signal 
is  obtained.  The  prospective  tumor  images,  which  remain  uneliminated  during  the  judgments  using  the  characteristic 
values  C4  calculated  with  Formula  (21),  will  hereinafter  be  referred  to  as  the  prospective  tumor  images  found  by  the 
prospective  abnormal  pattern  finding  means  1  . 

5 
Information  operating  means 

[0194]  An  example  of  the  information  operating  means  2  will  be  described  hereinbelow. 
[0195]  The  lung  region  image  15  shown  in  Figure  3  comprises  an  image  of  the  hilum  of  the  lung  15a,  which  is  located 

10  in  the  middle,  and  images  of  the  lung  fields  15b,  15b,  which  are  indicated  by  the  hatching  and  which  are  located  on 
both  sides  of  the  lung  hilum  image  15a.  In  the  lung  region  image  15,  a  tumor  image  appears  more  easily  in  the  lung 
field  images  15b,  15b  than  in  the  lung  hilum  image  15a.  Therefore,  the  information  operating  means  2  discriminates 
the  lung  hilum  image  1  5a  and  the  lung  field  images  1  5b,  1  5b  from  each  other.  The  information,  which  is  obtained  from 
the  information  operating  means  2  and  which  discriminates  the  lung  hilum  image  15a  and  the  lung  field  images  15b, 

is  15b  from  each  other,  is  utilized  when  the  abnormal  pattern  finding  means  4  finds  a  tumor  image  from  the  prospective 
tumor  images,  as  will  be  described  later. 
[0196]  Figure  10  is  a  graph  showing  a  probability  density  function  of  the  image  signal  S1  ,  which  has  been  detected 
from  the  X-ray  image  shown  in  Figure  3.  In  Figure  10,  the  horizontal  axis  indicates  the  value  of  the  image  signal  S1  , 
and  the  vertical  axis  indicates  the  frequency  of  occurrence  of  the  value  of  the  image  signal  S1  . 

20  [0197]  With  reference  to  Figure  10,  a  projecting  part  17,  which  is  present  on  the  right  side,  corresponds  to  the  back- 
ground  region  1  7  shown  in  Figure  3.  A  projecting  part  1  5  in  the  middle  corresponds  to  the  lung  region  image  1  5  shown 
in  Figure  3.  Also,  a  projecting  part  16  on  the  left  side  corresponds  to  the  skin  image  16  shown  in  Figure  3.  As  an  aid 
in  facilitating  the  explanation,  in  Figure  10,  the  projecting  parts  corresponding  to  the  regions  shown  in  Figure  3  are 
numbered  with  corresponding  reference  numerals. 

25  [0198]  It  has  experimentally  been  found  that  the  ratio  of  the  areas  of  the  lung  field  images  15b,  15b  to  the  area  of 
the  lung  region  image  15  is  approximately  constant.  Therefore,  a  region,  which  corresponds  to  a  predetermined  pro- 
portion  (e.g.  50%)  with  respect  to  the  total  area  of  the  projecting  part  1  5,  is  found  from  the  high  density  side.  Specifically, 
the  region  hatched  in  Figure  1  0  is  found.  A  group  of  the  picture  elements,  which  correspond  to  the  image  signal  com- 
ponents  falling  within  the  thus  found  region,  is  detected  to  be  those  of  the  lung  field  images  15b,  15b. 

30  [0199]  Figure  11  is  an  enlarged  view  showing  part  of  rib  images  (not  shown  in  Figure  3)  in  the  X-ray  image  of  the 
chest  shown  in  Figure  3.  In  Figure  11  ,  the  filter  of  Figure  5  is  also  shown. 
[0200]  As  shown  in  Figure  1  1  ,  the  X-ray  image  of  the  chest  includes  an  intersection  1  5d  of  two  rib  images  1  5c,  1  5c. 
If  often  occurs  that  the  region  corresponding  to  the  intersection  15d  is  found  as  a  prospective  tumor  image  by  the 
prospective  abnormal  pattern  finding  means  1.  The  image  profile  in  the  region  corresponding  to  the  intersection  15d 

35  is  approximately  flat.  Therefore,  during  the  judgment  using  the  characteristic  value  C4  calculated  with  Formula  (21), 
the  region  corresponding  to  the  intersection  1  5d  will  not  be  eliminated  from  the  prospective  tumor  images.  Accordingly, 
the  information  operating  means  2  also  finds  rib  images.  The  information  about  the  rib  images  is  fed  into  the  abnormal 
pattern  finding  means  4.  In  the  course  of  finding  a  tumor  image  from  the  prospective  tumor  images,  the  abnormal 
pattern  finding  means  4  finds  a  prospective  tumor  image,  which  coincides  with  the  region  corresponding  to  the  inter- 

40  section  15d,  not  to  be  a  tumor  image. 
[0201]  By  way  of  example,  in  order  for  the  rib  images  15c,  15c  to  be  found,  a  method  may  be  employed  which  is 
described  in  "Discrimination  of  Rib  Images  in  X-ray  Fluorographic  Image  of  the  Chest",  The  Institute  of  Electronics  and 
Communication  Engineers  of  Japan,  Oct.  26,  1972,  material  No.  IT72-24  (1972-10)  of  the  society  for  the  study  of  image 
engineering.  With  the  method,  a  linear  figure  is  extracted  by  processing  an  image  signal  representing  an  X-ray  image 

45  of  the  chest  with  a  filter,  which  is  sensitive  to  lines.  From  the  position  of  the  linear  figure  in  the  X-ray  image,  the  direction 
along  which  the  linear  figure  extends,  or  the  like,  lines  corresponding  to  a  rib  image  are  detected.  Thereafter,  boundary 
lines  of  the  rib  image  are  approximately  represented  by  a  function  of  second  order.  In  this  manner,  a  rib  image  is 
extracted. 
[0202]  In  the  manner  described  above,  the  information  operating  means  2  of  the  computer  system  40  shown  in  Figure 

so  4  discriminates  the  lung  hilum  image  1  5a  and  the  lung  field  images  1  5b,  1  5b  from  each  other,  and  finds  the  rib  images 
15c,  15c.  The  anatomical  information  D,  which  discriminates  the  lung  hilum  image  15a  and  the  lung  field  images  15b, 
15b  from  each  other,  and  which  represents  the  rib  images  15c,  15c,  is  fed  into  the  abnormal  pattern  finding  means  4. 
No  limitation  is  imposed  on  how  a  lung  hilum  image  and  the  lung  field  images  are  discriminated  from  each  other,  and 
how  rib  images  are  found.  Any  of  other  methods  may  be  employed  for  these  purposes. 

55  [0203]  The  information  operating  means  2  may  find  various  kinds  of  anatomical  information  in  addition  to  or  in  lieu 
of  the  aforesaid  anatomical  information  D  in  accordance  with  the  type  of  abnormal  patterns  which  are  to  be  found,  the 
level  of  accuracy  required  in  the  finding  of  abnormal  patterns,  or  the  like. 
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Characteristic  measure  calculating  means 

[0204]  The  information  about  the  prospective  tumor  images  C,  C,  which  have  been  found  by  the  prospective 
abnormal  pattern  finding  means  1  ,  is  fed  into  the  characteristic  measure  calculating  means  3  of  the  computer  system 

5  40.  From  the  image  signal  components  of  the  image  signal  S1  ,  which  represent  the  image  information  at  positions  in 
the  vicinity  of  each  of  the  prospective  abnormal  patterns  C,  C,  the  characteristic  measure  calculating  means  3 
calculates  a  plurality  of  characteristic  measures  F1,  F2,  Fn  for  each  of  the  prospective  abnormal  patterns  C,  C,  ... 
In  this  embodiment,  the  area  F1  and  the  shape  F2  of  each  prospective  abnormal  pattern  C  and  the  contrast  F3  of  each 
prospective  abnormal  pattern  C  with  the  surrounding  image  areas  are  calculated  as  the  characteristic  measures  in  the 

10  manner  described  below. 
[0205]  Figure  12  is  a  diagram  showing  an  example  of  a  prospective  tumor  image  C  which  has  been  found  by  the 
prospective  abnormal  pattern  finding  means  1.  In  Figure  12,  a  region  7  illustrated  in  the  middle  corresponds  to  a 
prospective  tumor  image  C. 
[0206]  In  cases  where  the  area  of  a  prospective  tumor  image  C  is  small  (e.g.  not  larger  than  25mm2),  it  will  probably 

is  be  an  image  of  a  blood  vessel,  which  extends  in  the  direction  normal  to  the  plane  of  the  sheet  of  Figure  3,  i.e.  in  the 
direction  along  which  the  X-rays  were  irradiated.  Particularly,  when  the  contrast  F3  of  the  prospective  tumor  image  C 
with  the  surrounding  image  areas  is  high,  the  probability  of  the  prospective  tumor  image  C  being  of  such  a  blood  vessel 
is  high.  Also,  ordinarily,  the  diameters  of  prospective  tumor  images  C,  C,  ...  range  from  approximately  10mm  to  ap- 
proximately  40mm.  Most  of  prospective  tumor  images,  which  have  diameters  far  larger  than  40mm,  are  not  true  tumor 

20  images. 
[0207]  Accordingly,  in  this  embodiment,  the  area  F1  of  the  region  7  is  calculated  and  used  as  one  of  a  plurality  of 
characteristic  measures  which  represent  the  probability  that  the  prospective  tumor  image  C  will  be  a  true  tumor  image. 
[0208]  Also,  in  this  embodiment,  a  tumor  image,  which  appears  typically  as  a  circular  pattern  in  an  X-ray  image,  is 
found.  Therefore,  a  measure,  which  represents  the  level  of  circularity  (i.e.  the  shape)  of  a  prospective  tumor  image,  is 

25  employed  as  another  one  of  the  characteristic  measures.  Specifically,  a  value  of  1  is  allocated  to  image  signal  com- 
ponents  representing  the  picture  elements  located  in  the  region  7,  and  a  value  of  0  is  allocated  to  image  signal  com- 
ponents  representing  the  picture  elements  located  in  image  areas  outside  of  the  region  7.  In  this  manner,  a  binary 
image  signal  is  obtained.  From  the  binary  image  signal,  the  center  of  gravity  O  on  the  region  7  is  detected.  A  plurality 
of  imaginary  lines  (€1  through  €8  in  Figure  12)  are  then  drawn.  The  imaginary  lines  extend  from  the  position,  at  which 

30  the  center  of  gravity  O  is  located,  to  the  surrounding  image  areas.  Thereafter,  along  the  lines  €\,  where  i=1,  2,  8, 
distances  di,  where  i=1,  2,  8,  from  the  position,  at  which  the  center  of  gravity  O  is  located,  to  an  edge  7a  of  the 
region  7  are  calculated  along  the  lines  €\,  where  i=1  ,  2,  8.  Variance  F2  is  then  calculated  with  the  formula 

35  8  1  8 
F2  =  E  (di   E  d i ) 2   ( 2 4 )  

i=l  8  i = l  

The  variance  F2  is  employed  as  the  characteristic  measure,  which  represents  the  level  of  circularity  (i.e.  the  shape) 
40  of  the  prospective  tumor  image  C. 

[0209]  Also,  calculations  are  made  to  find  a  mean  value  Av1  from  the  values  of  the  image  signal  components  of  the 
image  signal  S1  corresponding  to  the  region  7  of  the  prospective  tumor  image  C,  and  to  find  a  mean  value  Av2  from 
the  values  of  the  image  signal  components  of  the  image  signal  S1  corresponding  to  a  belt-like  region  7',  which  has  a 
predetermined  width  and  which  surrounds  the  region  7.  From  the  mean  values  Av1  and  Av2,  the  contrast  F3  is  calcu- 

45  lated  with  the  formula 

F3=AV1  -Av2  (25) 

50  The  contrast  F3  is  employed  as  a  further  characteristic  measure. 
[0210]  A  tumor  image  appears  in  an  X-ray  image  as  a  projected  image  of  an  approximately  spherical  tumor  in  the 
lungs.  Therefore,  in  many  cases,  a  contrast  F3  of  a  tumor  image  with  the  surrounding  image  areas  takes  a  value  close 
to  a  predetermined  value.  Most  of  prospective  tumor  images,  which  have  very  lower  or  higher  levels  of  contrast  than 
the  predetermined  value,  are  not  true  tumor  images.  Therefore,  the  contrast  F3  can  be  employed  as  a  characteristic 

55  measure. 
[0211]  In  addition  to  or  in  lieu  of  the  characteristic  measures  F1  ,  F2,  and  F3,  various  other  characteristic  measures 
may  be  employed  in  accordance  with  the  type  of  abnormal  patterns  which  are  to  be  found,  the  level  of  accuracy  required 
in  the  finding  of  abnormal  patterns,  or  the  like. 
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abnormal  pattern  finding  means 

[0212]  The  information  about  the  characteristic  measures  F1  ,  F2,  and  F3,  which  have  been  calculated  by  the  char- 
acteristic  measure  calculating  means  3,  is  fed  into  the  abnormal  pattern  finding  means  4  of  the  computer  system  shown 
in  Figure  4.  In  this  embodiment,  the  abnormal  pattern  finding  means  4  utilizes  the  characteristic  measures  F1  ,  F2,  and 
F3  in  order  to  find  a  prospective  tumor  image,  which  has  a  high  probability  of  being  a  true  tumor  image,  from  the 
prospective  abnormal  patterns  C,  C,  which  have  been  found  by  the  prospective  abnormal  pattern  finding  means  1. 
A  neural  network  is  utilized  for  this  purpose. 
[0213]  Figure  13  is  an  explanatory  view  showing  an  example  of  the  neural  network  which  is  provided  with  a  function 
of  learning  representations  by  back-propagating  errors  and  which  is  employed  in  the  abnormal  pattern  finding  means 
4.  As  described  above,  the  term  "function  of  learning  representations  by  back-propagating  errors"  as  used  herein 
means  the  learning  algorithms  in  a  neural  network,  with  which  the  output  of  the  neural  network  is  compared  with  a 
correct  answer  (an  instructor  signal),  and  the  weight  of  connections  (i.e.  the  weight  of  synapse  connections)  is  corrected 
sequentially  from  the  output  side  to  the  input  side  of  the  neural  network. 
[0214]  With  reference  to  Figure  13,  the  neural  network  comprises  a  first  layer  (input  layer),  a  second  layer  (hidden 
layer),  and  a  third  layer  (output  layer).  The  first,  second,  and  third  layers  are  composed  respectively  of  three  units, 
three  units,  and  a  single  unit.  An  i'th  unit  of  a  k'th  layer  is  indicated  by  û .  The  total  input  into  the  unit  û   is  indicated 
by  x'f,  and  the  total  output  therefrom  is  indicated  by  ŷ .  The  weight  of  connection  from  the  unit  û   to  a  unit  u|<+1  is 
indicated  by  Ŵ   j<+1  .  Also,  each  unit  û   has  the  same  characteristic  function,  which  is  expressed  as 

f(x)  =  —   x  (26) 
1  -  e 

The  input  x̂   into  each  unit  û   and  the  output  ŷ   therefrom  are  expressed  as 

k  _  k-1  k  k-1 
x  =  E  W  -y  ( 2 7 )  

j  i  i  j  i 

yf  =  f(xf)  (28) 

Inputs  F1,  F2,  and  F3  into  the  units  ul  ,  where  i=1,  2,  3,  which  units  constitute  the  input  layer,  are  fed  into  the  units 
without  being  weighted.  The  inputs  (the  information  about  the  characteristic  measures)  F1,  F2,  and  F3  are  weighted 
with  the  weights  of  connection  Ŵ   j<+1  ,  and  transmitted  to  the  ultimate  output  y .̂ 
[0215]  How  the  weights  of  connection  Ŵ   j<+1  are  determined  will  be  described  hereinbelow.  First,  initial  values  of 
the  weights  of  connection  Ŵ   j<+1  are  given  by  random  numbers.  The  range  of  the  random  numbers  should  preferably 
be  limited  such  that,  even  when  the  values  of  the  inputs  F1  ,  F2,  and  F3  fluctuate  to  the  largest  extent,  the  output  ŷ  
takes  a  value  falling  within  the  range  of  0  to  1  or  a  value  close  to  said  value. 
[0216]  Thereafter,  a  plurality  of  X-ray  images  are  prepared,  for  which  the  presence  or  absence  of  tumor  images  and 
the  positions  of  the  tumor  images  are  known.  Prospective  tumor  images  C,  C,  ...  are  found  from  the  X-ray  images  in 
the  same  manner  as  that  described  above.  Also,  three  characteristic  measures  F1  ,  F2,  and  F3  are  calculated  for  each 
prospective  tumor  image  C.  The  information  about  the  three  characteristic  measures  F1  ,  F2,  and  F3  is  fed  into  the 
neural  network  shown  in  Figure  13,  and  the  outputs  of  the  respective  units  û   are  monitored. 
[0217]  After  the  outputs  y*  are  obtained,  a  square  error  E  between  the  value  of  the  ultimate  output  ŷ   and  the  value 
of  an  instructor  signal  d  is  calculated  with  the  formula 

E  =  \  (y?  -  d)2  (29) 

The  instructor  signal  d  has  a  value  of  1  in  cases  where  the  prospective  tumor  image  C,  which  corresponds  to  the 
characteristic  measures  F1  ,  F2,  and  F3,  is  a  true  tumor  image.  (As  described  above,  it  is  already  known  whether  the 
prospective  tumor  image  C  is  or  is  not  a  true  tumor  image.)  Also,  the  instructor  signal  d  has  a  value  of  0  in  cases  where 
the  prospective  tumor  image  C  is  not  a  true  tumor  image.  The  weights  of  connection  Ŵ   j<+1  are  then  corrected  such 
that  the  square  error  E  becomes  the  smallest. 
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[0218]  The  square  error  E  is  a  function  of  j<+1  .  Therefore,  in  order  for  the  square  error  E  to  be  minimized,  the 
weights  of  connection  !<+1  are  corrected  with  the  formula 

where  r)  denotes  a  coefficient,  which  is  referred  to  as  a  learning  coefficient. 
[0219]  The  following  formula  obtains: 

10 

k+1 
= ^ g _   (31) 

3W|  ■  dx-  3W|  ■ 

15 
Also,  Formula  (27)  gives 

k+1  k  k+1  k 
x  =  S  W  -y 

j  i  i  j  i 

Therefore,  Formula  (31)  gives 

-....k  k+1~  ..  k+1  '̂ i  (32̂  
dWi  j  dxj 

[0220]  From  Formula  (29),  the  following  formula  obtains: 
30 

M   (33) 

35 
Formula  (33)  can  be  changed  with  Formula  (28)  into 

^ !   =  (y'-d).f'(x')  (34) 
40  dxi 

[0221]  From  Formula  (26),  the  following  formula  obtains: 

45  f(x)  =  f(x)(1  -f(x))  (35) 

Therefore, 

50  f'(x?)  =  y?-(i  -y?)  (36) 

[0222]  Setting  k=2  in  Formula  (32)  and  substituting  Formulas  (34)  and  (36)  into  Formula  (32)  yield 

dE  _  dE  2 
55  1\M2  3  _  r>  3'y' 

3W|  1  3x1 

=  (y?-d)-y?-(1  -y?)-yf  (37) 
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Substitution  of  Formula  (37)  into  Formula  (30)  yields 

wf  ?  =  wf  ?-THy?-d).y?-(1  -y?)-yf 

The  weights  of  connection  W?  3,  where  i=1  ,  2,  3,  are  corrected  with  Formula  (38). 
[0223]  Also,  the  following  formula  obtains: 

3E  =  3E 
3xf  dx̂   3xf 

Substitution  of  Formulas  (27)  and  (28)  into  Formula  (39)  yields 

dE  dE  d 
—   =  —  T-  •  r   (?W?  3 - y 2 )  
dx2  flx3  3x2  j  j  i  j  

j  1  j  

dE 
•  W2  3-f  '  (x2)  ( 4 0 )  

ax3  i  1  j  
1 

[0224]  Formula  (35)  gives 

f'(xf)  =  yf-(i  -yf) 

Substitution  of  Formulas  (34),  (36),  and  (41)  into  Formula  (40)  yields 

dE  .  3  ,.  3  .,  3. 
—2  =  (yi  -dYy-iV-y-i) 
Bx; 

•yf-(i-yf)-wf? 

[0225]  Setting  k=1  in  Formula  (32)  and  substituting  Formula  (42)  into  Formula  (32)  yield 

dE  dE  1 
12  2^i 

aw;  j  axj 

:(y?-d)-y?-(i  -y?)-yf-(i  -yf) 

i»;2  3  1 •wi  i-y  i 

Substitution  of  Formula  (43)  into  Formula  (30)  and  setting  of  k=1  yield 

wi  f  =  wi  f  -iT(y?-d)-y?-(l  -y?) 

•yf-(i-yf)-y;-wf? 
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10 

The  values  of  the  weights  of  connection  W?  3,  where  i=1,  2,  3,  which  have  been  corrected  with  Formula  (38),  are 
substituted  into  Formula  (44).  In  this  manner,  the  weights  of  connection  Wi  ?,  where  i=1  ,  2,  3  and  j=1  ,  2,  3,  are  corrected. 
[0226]  Theoretically,  the  weights  of  connection  j<+1  can  be  converged  to  predetermined  values  by  using  a  suffi- 
ciently  small  learning  coefficient  r)  and  carrying  out  the  learning  operations  very  many  times.  However,  if  a  sufficiently 
small  learning  coefficient  r)  is  used,  the  speed  with  which  the  learning  operations  are  effected  will  become  low.  If  a  very 
large  learning  coefficient  r)  is  used,  "vibration"  will  occur  in  the  learning  operations  (i.e.  the  weights  of  connection  do 
not  converge  to  predetermined  values).  Therefore,  actually,  the  vibration  is  prevented  by  employing  an  inertia  term, 
which  is  expressed  in  Formula  (45),  in  the  calculations  of  the  correction  amounts  for  the  weights  of  connection,  and 
the  learning  coefficient  r)  is  set  to  a  slightly  large  value. 

AW^1  (t+1)  =  a-AW^1  (t)  + 

'  k+1 
15  dXj 

where  a  denotes  the  coefficient  referred  to  as  the  inertia  term,  and  AŴ   k+1  (t)  denotes  the  correction  amount,  which 
is  used  during  the  t'th  learning  operation  and  which  is  obtained  by  subtracting  a  weight  of  connection  j<+1  ,  which 
has  not  been  corrected,  from  a  weight  of  connection  j<+1  ,  which  has  been  corrected.  (Such  an  inertia  term  is  de- 

20  scribed  in,  for  example,  "Learning  internal  representations  by  error  propagation  In  Parallel  Distributed  Processing"  by 
D.  E.  Rumelhart,  G.  E.  Hinton  and  R.  J.  Williams,  Volume  1  ,  J.  L.  McClell  and,  D.  E.  Rumelhart  and  The  PDP  Research 
Group,  MIT  Press,  1986b.) 
[0227]  By  way  of  example,  the  inertia  term  a  is  set  to  0.9,  the  learning  coefficient  r)  is  set  to  0.25,  and  200,000  times 
of  corrections  (learning  operations)  are  carried  out  for  each  of  the  weights  of  correction  Ŵ   j<+1  .  Thereafter,  each  of 

25  the  weights  of  correction  Ŵ   j<+1  is  fixed  at  a  final  value.  At  the  time  at  which  the  learning  operations  are  completed,  a 
value  close  to  1  is  obtained  as  the  output  y3  for  a  prospective  tumor  image  C,  which  is  a  true  tumor  image.  Also,  a 
value  close  to  0  is  obtained  as  the  output  y3  for  a  prospective  tumor  image  C,  which  is  not  a  true  tumor  image. 
[0228]  Therefore,  after  the  learning  operations  are  completed,  a  prospective  tumor  image,  for  which  it  is  unknown 
whether  it  is  or  is  not  a  true  tumor  image,  is  extracted.  Characteristic  measures  F1  ,  F2,  and  F3  are  calculated  for  the 

30  prospective  tumor  image,  and  the  information  about  them  is  fed  into  the  neural  network  shown  in  Figure  1  3.  The  output 
y3  obtained  from  the  neural  network  is  utilized  as  a  signal  representing  the  level  of  the  probability  that  the  prospective 
tumor  image  will  be  a  true  tumor  image. 
[0229]  The  number  of  layers  of  the  neural  network  is  not  limited  to  three.  Also,  no  limitation  is  imposed  on  the  number 
of  the  units  of  each  layer.  The  number  of  the  units  of  each  layer  may  be  determined  in  accordance  with  the  number  of 

35  characteristic  measures,  which  are  fed  into  the  neural  network,  the  level  of  accuracy,  with  which  a  signal  representing 
the  level  of  the  probability  that  a  prospective  tumor  image  will  be  a  true  tumor  image  is  to  be  obtained,  or  the  like. 
[0230]  In  the  abnormal  pattern  finding  means  4,  in  lieu  of  or  in  addition  to  the  neural  network,  the  nearest  neighbor 
process  (NN  process)  described  below  may  be  employed  in  the  course  of  making  the  judgment  from  a  plurality  of 
characteristic  measures  F1,  F2,  Fn. 

40  [0231]  Specifically,  as  in  the  cases  where  the  neural  network  is  employed,  a  plurality  of  X-ray  images  are  prepared, 
for  which  the  presence  or  absence  of  tumor  images  and  the  positions  of  the  tumor  images  are  known.  Prospective 
tumor  images  C,  C,  ...  are  found  from  the  X-ray  images  in  the  same  manner  as  that  described  above.  Also,  three 
characteristic  measures  F1  ,  F2,  and  F3  are  calculated  for  each  prospective  tumor  image  C.  The  information  about  the 
sets  of  the  three  characteristic  measures  F1  ,  F2,  and  F3  and  the  information,  which  represents  whether  the  prospective 

45  tumor  image  C  corresponding  to  each  set  of  the  characteristic  measures  F1  ,  F2,  and  F3  is  or  is  not  a  true  tumor  image, 
are  stored  as  a  data  base  in  the  abnormal  pattern  finding  means  4. 
[0232]  Thereafter,  characteristic  values  F*,  F*,  and  F*  are  calculated  for  a  prospective  tumor  image  C,  for  which  it 
is  unknown  whether  it  is  or  is  not  a  true  tumor  image.  From  the  characteristic  values  F*,  Fg,  and  Fg  and  a  plurality  of 
characteristic  values  F.]  ,  F2,  and  F3,  where  i=1,  2,  n,  the  information  about  which  is  stored  as  the  data  base,  dis- 

50  tances  ai  are  calculated  with  the  formula 

\2  in' )  +(F2 -x,2 

55 
-x,2 (46) 

A  judgment  is  then  made  as  to  the  level  of  the  probability  that  the  prospective  tumor  image  C  corresponding  to  the 
characteristic  values  F*  Fg,  and  Fg  will  be  a  true  tumor  image.  The  judgment  is  made  from  whether  a  prospective 
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tumor  image  C,  which  has  characteristic  values  F™,  F™,  and  F™  corresponding  to  the  smallest  distance  am  among 
the  distances  ai,  where  i=1  ,  2,  n,  is  or  is  not  a  true  tumor  image,  the  value  of  the  smallest  distance  am,  or  the  like. 
[0233]  As  another  alternative,  as  in  the  cases  where  the  neural  network  or  the  NN  process  is  employed,  a  plurality 
of  X-ray  images  are  prepared,  for  which  the  presence  or  absence  of  tumor  images  and  the  positions  of  the  tumor 

5  images  are  known.  Prospective  tumor  images  C,  C,  ...  are  found  from  the  X-ray  images  in  the  same  manner  as  that 
described  above.  Also,  three  characteristic  measures  F1  ,  F2,  and  F3  are  calculated  for  each  prospective  tumor  image 
C.  Thereafter,  from  the  information  about  the  sets  of  the  three  characteristic  measures  F1  ,  F2,  and  F3  and  the  infor- 
mation,  which  represents  whether  the  prospective  tumor  image  C  corresponding  to  each  set  of  the  characteristic  meas- 
ures  F1  ,  F2,  and  F3  is  or  is  not  a  true  tumor  image,  threshold  values  to  be  used  during  the  judgment  as  to  whether  a 

10  prospective  tumor  image  is  or  is  not  a  true  tumor  image  are  calculated  for  the  characteristic  measures  F1  ,  F2,  and  F3. 
The  information  about  the  threshold  values  is  stored  in  the  abnormal  pattern  finding  means  4.  Thereafter,  a  prospective 
tumor  image  C,  for  which  it  is  unknown  whether  it  is  or  is  not  a  true  tumor  image,  is  extracted,  and  characteristic 
measures  F1,  F2,  and  F3  are  calculated  therefor.  The  information  about  the  characteristic  measures  F1,  F2,  and  F3 
calculated  for  the  prospective  tumor  image  C,  for  which  it  is  unknown  whether  it  is  or  is  not  a  true  tumor  image,  is  fed 

is  into  the  abnormal  pattern  finding  means  4.  At  this  time,  the  characteristic  measures  F1  ,  F2,  and  F3  are  processed  with 
the  threshold  values,  and  a  judgment  is  thereby  made  as  to  whether  the  corresponding  prospective  tumor  image  C  is 
or  is  not  a  true  tumor  image. 
[0234]  As  described  above,  in  the  abnormal  pattern  finding  means  4,  a  judgment  is  made  as  to  whether  a  prospective 
tumor  image  C  is  or  is  not  a  true  tumor  image,  or  as  to  the  level  of  the  probability  that  a  prospective  tumor  image  C 

20  will  be  a  true  tumor  image,  from  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn.  The  judgment  is  made  with  one 
of  the  techniques  described  above,  one  of  other  known  techniques,  or  a  combination  of  two  or  more  of  these  techniques. 
[0235]  The  abnormal  pattern  finding  means  4  of  the  computer  system  40  shown  in  Figure  4  receives  the  anatomical 
information  D,  which  has  been  found  by  the  information  operating  means  2,  together  with  the  information,  which  rep- 
resents  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn  and  which  has  been  obtained  from  the  characteristic  meas- 

25  ure  calculating  means.  In  this  embodiment,  the  anatomical  information  D  discriminates  the  lung  hilum  image  15a  and 
the  lung  field  images  15b,  15b  shown  in  Figure  3  from  each  other,  and  represents  the  rib  images  15c,  15c  shown  in 
Figure  11. 
[0236]  In  this  embodiment,  the  abnormal  pattern  finding  means  4  is  provided  with  the  neural  network  shown  in  Figure 
1  3.  The  neural  network  yields  the  output  y3  ,  which  takes  a  value  within  the  range  of  0  to  1  .  The  value  of  the  output 

30  represents  the  level  of  the  probability  that  a  prospective  tumor  image  C,  which  has  been  found  by  the  prospective 
abnormal  pattern  finding  means  1  ,  will  be  a  true  tumor  image.  (A  value  of  the  output  closer  to  1  represents  a  higher 
level  of  the  probability.)  The  output  y3  is  then  compared  with  a  threshold  value  Th5.  From  whether  y3  STh5  or  y3  <Th5, 
the  judgment  is  made  as  to  whether  the  corresponding  prospective  tumor  image  C  is  or  is  not  a  true  tumor  image. 
Specifically,  by  making  such  judgments,  tumor  images  are  extracted  from  the  prospective  tumor  images  C,  C,  ... 

35  [0237]  As  described  above,  in  the  lung  region  image  1  5,  a  tumor  image  appears  more  easily  in  the  lung  field  images 
1  5b,  1  5b  than  in  the  lung  hilum  image  1  5a.  Therefore,  in  this  embodiment,  the  threshold  value  Th5  is  set  to  a  compar- 
atively  small  value  (e.g.  0.4)  in  cases  where  a  judgment  is  made  as  to  whether  a  prospective  tumor  image  C,  which  is 
present  in  the  region  corresponding  to  the  lung  field  images  15b,  15b,  is  or  is  not  a  true  tumor  image.  The  threshold 
value  Th5  is  set  to  a  comparatively  large  value  (e.g.  0.6)  in  cases  where  a  judgment  is  made  as  to  whether  a  prospective 

40  tumor  image  C,  which  is  present  in  the  region  corresponding  to  the  lung  hilum  image  15a,  is  or  is  not  a  true  tumor  image. 
[0238]  Tumor  images  are  found  in  the  manner  described  above.  Thereafter,  the  position  of  each  of  the  tumor  images, 
which  have  been  found  in  the  manner  described  above,  is  compared  with  the  position  of  the  intersection  1  5d  of  the  rib 
images  15c,  15c  shown  in  Figure  11.  A  judgment  is  made  as  to  whether  the  positions  of  the  tumor  image  and  the 
intersection  15d  coincide  or  does  not  coincide  with  each  other.  In  cases  where  it  is  judged  that  the  positions  of  the 

45  tumor  image  and  the  intersection  15d  coincide  with  each  other,  the  tumor  image  is  detected  not  to  be  a  true  tumor 
image.  In  this  manner,  only  the  true  tumor  images  are  detected  ultimately. 
[0239]  In  the  aforesaid  embodiment,  the  level  of  the  threshold  value  Th5  is  changed.  Alternatively,  the  threshold 
value  Th5  may  be  fixed  at  a  certain  level,  and  the  information  which  discriminates  the  lung  field  images  15b,  15b  and 
the  lung  hilum  image  15a  from  each  other  may  be  fed  as  one  of  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn 

so  into  the  neural  network. 
[0240]  Also,  as  described  above,  no  limitation  is  imposed  on  the  kinds  of  the  anatomical  information,  which  is  found 
by  the  information  operating  means  2,  but  various  kinds  of  anatomical  information  may  be  utilized  in  accordance  with 
the  type  of  the  abnormal  patterns,  which  are  to  be  detected,  the  level  of  accuracy  required  in  the  operations  for  detecting 
the  abnormal  patterns,  or  the  like.  Also,  in  the  aforesaid  embodiment,  the  anatomical  information  is  utilized  to  discrim- 

55  inate  the  lung  field  images  15b,  15b  and  the  lung  hilum  image  15a  from  each  other  and  to  designate  the  positions  of 
the  rib  images  15c,  15c.  However,  no  limitation  is  imposed  on  how  the  anatomical  information  is  utilized  in  the  abnormal 
pattern  finding  means  4.  Various  kinds  of  anatomical  information  may  be  utilized  in  various  manners. 
[0241]  In  aforesaid  embodiment,  the  abnormal  pattern  finding  means  4  carries  out  the  judgment  from  a  plurality  of 
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characteristic  measures  F1  ,  F2,  Fn  and  then  carries  out  the  judgment  from  the  anatomical  information  D.  Alterna- 
tively,  the  judgment  from  the  anatomical  information  D  may  first  be  carried  out,  and  the  judgment  from  a  plurality  of 
characteristic  measures  F1  ,  F2,  Fn  may  then  be  carried  out.  As  another  alternative,  both  judgments  may  be  carried 
out  simultaneously. 

5  [0242]  In  the  aforesaid  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention,  from  an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on  a  stimulable  phosphor 
sheet,  a  tumor  image  is  detected  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray  image.  However,  the  first 
abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  not  limited  to  the  detection  of  a 
circular  tumor  image  nor  to  the  processing  of  X-ray  images  of  chests.  Also,  recording  media  other  than  stimulable 

10  phosphor  sheets  may  be  used.  The  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention 
is  applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  an  object,  abnormal  patterns  in  the 
radiation  image  are  detected. 
[0243]  In  the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  an  abnormal  pattern 
T  is  found  from  prospective  abnormal  patterns  C,  C,  ...  by  utilizing  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn 

is  and  the  anatomical  information  D.  As  indicated  by  the  broken  line  in  Figure  1  ,  the  anatomical  information  D  may  also 
be  fed  into  the  prospective  abnormal  pattern  finding  means  1  and  utilized  in  the  course  of  finding  the  prospective 
abnormal  patterns  C,  C,  ... 
[0244]  When  a  judgment  is  made  as  to  whether  a  predetermined  picture  element  P0  shown  in  Figure  5  falls  or  does 
not  fall  within  the  region  corresponding  to  a  tumor  image,  the  judgment  can  be  prevented  from  being  adversely  affected 

20  by  rib  images.  For  this  purpose,  the  information  about  the  positions  of  the  rib  images  is  utilized.  For  example,  as  shown 
in  Figure  11,  when  a  judgment  is  made  as  to  whether  a  picture  element  P0  falls  or  does  not  fall  in  the  region  corre- 
sponding  to  a  tumor  image,  the  information  about  r1  and  r2  is  utilized  for  the  lines  L1  ,  L3,  L5,  and  L7.  For  the  lines  L2 
and  L6,  the  information  about  r1  ,  r2and  r3  is  utilized.  Also,  forthe  lines  L4and  L8,  onlythe  information  about  r1  is  utilized. 
[0245]  An  embodiment  of  the  abnormal  pattern  judging  apparatus  in  accordance  with  the  present  invention  will  be 

25  described  hereinbelow.  In  this  embodiment,  an  X-ray  image  is  stored  on  a  stimulable  phosphor  sheet,  and  an  image 
of  a  tumor,  which  typically  has  an  approximately  spherical  shape  in  the  lungs  of  a  human  body,  is  detected  as  an 
abnormal  pattern  from  the  X-ray  image.  In  a  visible  image  reproduced  from  the  image  signal  S1,  the  tumor  image 
typically  appears  as  an  approximately  circular  pattern  having  a  lower  density  than  the  areas  of  the  image  surrounding 
the  tumor  image. 

30  [0246]  The  image  signal  S1  ,  which  represents  the  X-ray  image  of  the  chest  shown  in  Figure  3,  is  obtained  from  the 
A/D  converter  33  shown  in  Figure  4  in  the  same  manner  as  that  described  above.  The  image  signal  S1  is  then  fed  into 
the  computer  system  40  shown  in  Figure  4.  The  computer  system  40  is  provided  with  an  embodiment  of  the  abnormal 
pattern  judging  apparatus  in  accordance  with  the  present  invention. 
[0247]  After  the  image  signal  S1  is  fed  into  the  computer  system  40,  prospective  tumor  images  are  designated. 

35  Thereafter,  calculations  are  made  to  find  the  level  of  the  probability  that  each  of  the  prospective  tumor  images  will  be 
a  true  tumor  image. 
[0248]  An  operator  may  observe  the  X-ray  image  and  manually  designate  prospective  tumor  images.  Alternatively, 
patterns,  which  are  considered  to  be  tumor  images,  may  be  found  by  processing  the  image  signal  S1  with  a  spatial- 
domain  filter  and  designated  as  prospective  tumor  images.  An  example  will  be  described  hereinbelow,  wherein  such 

40  patterns  are  found  with  a  spatial-domain  filter  and  designated  as  prospective  tumor  images,  and  judgments  are  then 
made  as  to  whether  the  prospective  tumor  images  are  or  are  not  true  tumor  images. 

Operation  for  finding  prospective  tumor  images 

45  [0249]  Prospective  tumor  images  are  found  in  the  same  manner  as  that  described  above  with  reference  to  Figures 
5,  6,  7,  8,  9A,  and  9B  for  the  prospective  abnormal  pattern  finding  means  1  in  the  embodiment  of  the  first  abnormal 
pattern  detecting  apparatus  in  accordance  with  the  present  invention. 
[0250]  In  the  manner  described  above,  the  computer  system  40  shown  in  Figure  4  finds  the  prospective  tumor  images 
by  processing  the  image  signal  representing  the  X-ray  image  with  the  spatial-domain  filter.  Thereafter,  the  prospective 

so  abnormal  pattern  finding  means  1  judges,  from  the  characteristic  value  C4  calculated  with  Formula  (21),  whether  a 
region,  which  has  been  found  as  a  prospective  tumor  image,  is  or  is  not  to  be  eliminated  from  the  prospective  tumor 
images.  A  value  of  1  is  then  allocated  to  image  signal  components  representing  the  picture  elements  located  in  the 
regions  corresponding  to  the  remaining  prospective  tumor  images,  and  a  value  of  0  is  allocated  to  image  signal  com- 
ponents  representing  the  picture  elements  located  in  image  areas  outside  of  said  regions  corresponding  to  the  remain- 

55  ing  prospective  tumor  images.  In  this  manner,  a  binary  image  signal  is  obtained.  The  prospective  tumor  images,  which 
remain  uneliminated  during  the  judgments  using  the  characteristic  values  C4  calculated  with  Formula  (21),  will  here- 
inafter  be  referred  to  as  the  prospective  tumor  images. 
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Operation  means 

[0251]  The  prospective  tumor  images  are  found  in  the  manner  described  above.  Thereafter,  from  the  image  signal 
components  of  the  image  signal  S1,  which  represent  the  image  information  at  positions  in  the  vicinity  of  each  of  the 

5  prospective  abnormal  patterns,  the  computer  system  40  calculates  a  plurality  of  characteristic  measures  F1,  F2, 
Fn  for  each  of  the  prospective  abnormal  patterns.  In  this  embodiment,  the  area  F1  and  the  shape  F2  of  each  prospective 
abnormal  pattern  and  the  contrast  F3  of  each  prospective  abnormal  pattern  with  the  surrounding  image  areas  are 
calculated  as  the  characteristic  measures.  The  function  of  the  computer  system  40  for  calculating  the  characteristic 
measures  constitutes  an  example  of  the  operation  means  of  the  abnormal  pattern  judging  apparatus  in  accordance 

10  with  the  present  invention.  The  characteristic  measures  F1,  F2,  and  F3  are  calculated  in  the  same  manner  as  that 
described  above  with  reference  to  Figure  12  for  the  characteristic  measure  calculating  means  3  in  the  embodiment  of 
the  first  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention. 

Neural  network 
15 

[0252]  The  information  about  the  characteristic  measures  F1  ,  F2,  and  F3,  which  have  been  calculated  in  the  manner 
described  above,  is  fed  into  the  neural  network  shown  in  Figure  13. 
[0253]  After  the  learning  operations  are  completed  in  the  same  manner  as  that  described  above,  a  prospective  tumor 
image,  for  which  it  is  unknown  whether  it  is  or  is  not  a  true  tumor  image,  is  extracted.  Characteristic  measures  F1  ,  F2, 

20  and  F3  are  calculated  for  the  prospective  tumor  image,  and  the  information  about  them  is  fed  into  the  neural  network 
shown  in  Figure  1  3.  The  output  y3  obtained  from  the  neural  network  is  utilized  as  a  signal  representing  the  level  of  the 
probability  that  the  prospective  tumor  image  will  be  a  true  tumor  image.  Because  said  signal  is  obtained  after  the 
learning  operations  are  carried  out  in  the  manner  described  above,  it  accurately  represents  the  level  of  the  probability 
that  the  prospective  tumor  image  will  be  a  true  tumor  image. 

25  [0254]  After  the  signal  (output  y3)  is  obtained,  the  value  of  the  signal  is  compared  with  a  threshold  value  Th5  (e.g. 
0.5).  From  whether  y3STh5  ory3<Th5,  the  judgment  is  made  as  to  whether  the  prospective  tumor  image,  which  cor- 
responds  to  the  information  about  the  characteristic  measures  fed  into  the  neural  network,  is  or  is  not  a  true  tumor  image. 
[0255]  The  threshold  value  Th5  need  not  necessarily  be  fixed  at  a  certain  level,  but  may  be  changed  in  accordance 
with  the  anatomical  information  about  the  object  corresponding  to  the  X-ray  image. 

30  [0256]  As  described  above,  in  the  lung  region  image  1  5,  a  tumor  image  appears  more  easily  in  the  lung  field  images 
1  5b,  1  5b  than  in  the  lung  hilum  image  1  5a.  Therefore,  in  this  embodiment,  in  the  same  manner  as  that  described  above 
with  reference  to  Figure  1  0,  the  lung  region  image  1  5  may  be  divided  into  the  lung  hilum  image  1  5a  and  the  lung  field 
images  15b,  15b.  The  information,  which  discriminates  the  lung  hilum  image  15a  and  the  lung  field  images  15b,  15b 
from  each  other,  is  utilized  when  the  level  of  the  threshold  value  Th5  is  determined  in  the  course  of  comparing  the 

35  value  of  the  output  y3  with  the  threshold  value  Th5. 
[0257]  As  described  above,  the  lung  hilum  image  1  5a  and  the  lung  field  images  1  5b,  1  5b  may  be  discriminated  from 
each  other.  In  cases  where  a  judgment  is  made  as  to  whether  a  prospective  tumor  image,  which  is  present  in  the  region 
corresponding  to  the  lung  field  images  15b,  15b,  is  or  is  not  a  true  tumor  image,  the  threshold  value  Th5  is  set  to  a 
comparatively  small  value  (e.g.  0.4).  In  cases  where  a  judgment  is  made  as  to  whether  a  prospective  tumor  image, 

40  which  is  present  in  the  region  corresponding  to  the  lung  hilum  image  1  5a,  is  or  is  not  a  true  tumor  image,  the  threshold 
value  Th5  is  set  to  a  comparatively  large  value  (e.g.  0.6). 
[0258]  Also,  the  rib  images  15c,  15c  are  found  in  the  same  manner  as  that  described  with  reference  to  Figure  11  . 
[0259]  The  level  of  the  threshold  value  Th5  may  be  fixed,  and  the  information  which  discriminates  the  lung  field 
images  15b,  15b  and  the  lung  hilum  image  15a  from  each  other  may  be  fed  as  one  of  a  plurality  of  characteristic 

45  measures  F1  ,  F2,  Fn  into  the  neural  network. 
[0260]  Also,  as  described  above,  the  anatomical  information  may  be  utilized  in  the  course  of  finding  the  prospective 
abnormal  patterns. 
[0261]  In  the  aforesaid  embodiment  of  the  abnormal  pattern  judging  apparatus  in  accordance  with  the  present  in- 
vention,  from  an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on  a  stimulable  phosphor 

so  sheet,  a  judgment  is  made  as  to  a  tumor  image  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray  image. 
However,  the  abnormal  pattern  judging  apparatus  in  accordance  with  the  present  invention  is  not  limited  to  the  judgment 
as  to  a  circular  tumor  image  nor  to  the  processing  of  X-ray  images  of  chests.  Also,  recording  media  other  than  stimulable 
phosphor  sheets  may  be  used.  The  abnormal  pattern  judging  apparatus  in  accordance  with  the  present  invention  is 
applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  an  object,  judgments  are  made  as  to 

55  whether  prospective  abnormal  patterns  designated  in  the  radiation  image  are  or  are  not  true  abnormal  patterns. 
[0262]  An  embodiment  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention 
will  be  described  below.  In  this  embodiment,  an  X-ray  image  of  the  chest  of  a  human  body  is  stored  on  a  stimulable 
phosphor  sheet,  and  an  image  of  a  tumor  is  detected  from  the  X-ray  image. 
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[0263]  The  image  signal  S1  ,  which  represents  the  X-ray  image  of  the  chest  shown  in  Figure  3,  is  obtained  from  the 
A/D  converter  33  shown  in  Figure  4  in  the  same  manner  as  that  described  above.  The  image  signal  S1  is  then  fed  into 
the  computer  system  40  shown  in  Figure  4.  The  computer  system  40  is  provided  with  an  embodiment  of  the  second 
abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention. 

5  [0264]  From  the  image  signal  S1  ,  which  is  made  up  of  a  series  of  image  signal  components  representing  the  X-ray 
image  and  which  has  been  fed  into  the  computer  system  40,  an  abnormal  pattern  in  the  X-ray  image  is  detected.  The 
computer  system  40  carries  out  the  operations  corresponding  to  the  blocks  51  ,  52,  and  53,  which  are  shown  in  Figure 
1  4.  The  blocks  51  ,  52,  and  53  shown  in  Figure  1  4  will  hereinafter  be  referred  to  as  the  functions  of  the  computer  system 
40.  Also,  the  CRT  display  device  44  and  the  keyboard  43  of  the  computer  system  40  respectively  constitute  examples 

10  of  the  display  means  54  and  the  input  means  55  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention. 
[0265]  The  image  signal  S1  ,  which  is  a  digital  electric  signal  representing  the  X-ray  image  shown  in  Figure  3,  is  fed 
into  the  first  prospective  abnormal  pattern  finding  means  51  shown  in  Figure  14. 
[0266]  In  the  embodiment  described  below,  an  image  of  a  tumor,  which  typically  has  an  approximately  spherical 

is  shape  in  the  lungs  of  a  human  body,  is  detected  as  an  abnormal  pattern  from  the  X-ray  image.  In  a  visible  image 
reproduced  from  the  image  signal  S1  ,  the  tumor  image  typically  appears  as  an  approximately  circular  pattern  having 
a  lower  density  than  the  areas  of  the  image  surrounding  the  tumor  image. 

First  prospective  abnormal  pattern  finding  means 
20 

[0267]  The  first  prospective  abnormal  pattern  finding  means  51  of  the  computer  system  40  shown  in  Figure  4  finds 
the  prospective  tumor  images  by  processing  the  image  signal  representing  the  X-ray  image  with  the  spatial-domain 
filter  in  the  same  manner  as  that  described  above  with  reference  to  Figures  5,  6,  7,  8,  9A,  and  9B  for  the  prospective 
abnormal  pattern  finding  means  1  in  the  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  accordance 

25  with  the  present  invention.  Thereafter,  the  first  prospective  abnormal  pattern  finding  means  51  judges,  from  the  char- 
acteristic  value  C4  calculated  with  Formula  (21),  whether  a  region,  which  has  been  found  as  a  prospective  tumor  image, 
is  or  is  not  to  be  eliminated  from  the  prospective  tumor  images.  A  value  of  1  is  then  allocated  to  image  signal  components 
representing  the  picture  elements  located  in  the  regions  corresponding  to  the  remaining  prospective  tumor  images, 
and  a  value  of  0  is  allocated  to  image  signal  components  representing  the  picture  elements  located  in  image  areas 

30  outside  of  said  regions  corresponding  to  the  remaining  prospective  tumor  images.  In  this  manner,  a  binary  image  signal 
is  obtained.  The  prospective  tumor  images,  which  remain  uneliminated  during  the  judgments  using  the  characteristic 
values  C4  calculated  with  Formula  (21),  will  hereinafter  be  referred  to  as  the  prospective  tumor  images  found  by  the 
first  prospective  abnormal  pattern  finding  means  51  . 

35  Characteristic  measure  calculating  means 

[0268]  The  information  about  the  prospective  tumor  images  C,  C,  which  have  been  found  by  the  first  prospective 
abnormal  pattern  finding  means  51  ,  is  fed  into  the  characteristic  measure  calculating  means  52  of  the  computer  system 
40.  From  the  image  signal  components  of  the  image  signal  S1  ,  which  represent  the  image  information  at  positions  in 

40  the  vicinity  of  each  of  the  prospective  abnormal  patterns  C,  C,  the  characteristic  measure  calculating  means  52 
calculates  a  plurality  of  characteristic  measures  F1,  F2,  Fn  for  each  of  the  prospective  abnormal  patterns  C,  C,  ... 
In  this  embodiment,  the  area  F1  and  the  shape  F2  of  each  prospective  abnormal  pattern  C  and  the  contrast  F3  of  each 
prospective  abnormal  pattern  C  with  the  surrounding  image  areas  are  calculated  as  the  characteristic  measures.  The 
characteristic  measures  F1  ,  F2,  and  F3  are  calculated  in  the  same  manner  as  that  described  above  with  reference  to 

45  Figure  1  2  for  the  characteristic  measure  calculating  means  3  in  the  embodiment  of  the  first  abnormal  pattern  detecting 
apparatus  in  accordance  with  the  present  invention. 

Second  prospective  abnormal  pattern  finding  means 

so  [0269]  The  information  about  the  characteristic  measures  F1  ,  F2,  and  F3,  which  have  been  calculated  in  the  manner 
described  above,  is  fed  into  the  second  prospective  abnormal  pattern  finding  means  53  of  the  computer  system  shown 
in  Figure  4.  In  this  embodiment,  the  second  prospective  abnormal  pattern  finding  means  53  utilizes  the  characteristic 
measures  F1  ,  F2,  and  F3  in  order  to  find  a  prospective  tumor  image,  which  has  a  high  probability  of  being  a  true  tumor 
image,  from  the  prospective  abnormal  patterns  C,  C,  which  have  been  found  by  the  first  prospective  abnormal 

55  pattern  finding  means  51  .  The  neural  network  shown  in  Figure  1  3  is  utilized  for  this  purpose.  The  prospective  tumor 
image,  which  has  a  high  probability  of  being  a  true  tumor  image,  is  found  in  the  same  manner  as  that  described  above 
for  the  abnormal  pattern  finding  means  4  in  the  embodiment  of  the  first  abnormal  pattern  detecting  apparatus  in  ac- 
cordance  with  the  present  invention. 
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[0270]  After  the  learning  operations  are  completed  in  the  same  manner  as  that  described  above,  a  prospective  tumor 
image,  for  which  it  is  unknown  whether  it  is  or  is  not  a  true  tumor  image,  is  extracted.  Characteristic  measures  F1  ,  F2, 
and  F3  are  calculated  for  the  prospective  tumor  image,  and  the  information  about  them  is  fed  into  the  neural  network 
shown  in  Figure  1  3.  The  output  y3  obtained  from  the  neural  network  is  utilized  as  a  signal  representing  the  level  of  the 

5  probability  that  the  prospective  tumor  image  will  be  a  true  tumor  image.  Because  said  signal  is  obtained  after  the 
learning  operations  are  carried  out  in  the  manner  described  above,  it  accurately  represents  the  level  of  the  probability 
that  the  prospective  tumor  image  will  be  a  true  tumor  image. 
[0271]  After  the  signal  (output  y3)  is  obtained,  the  value  of  the  signal  is  compared  with  a  threshold  value  Th5  (e.g. 
0.5).  From  whether  y3STh5  ory3<Th5,  the  judgment  is  made  as  to  whether  the  prospective  tumor  image,  which  cor- 

10  responds  to  the  information  about  the  characteristic  measures  fed  into  the  neural  network,  is  or  is  not  a  true  tumor  image. 
[0272]  The  threshold  value  Th5  need  not  necessarily  be  fixed  at  a  certain  level,  but  may  be  changed  in  accordance 
with  the  anatomical  information  about  the  object  corresponding  to  the  X-ray  image. 
[0273]  As  described  above,  in  the  lung  region  image  1  5,  a  tumor  image  appears  more  easily  in  the  lung  field  images 
1  5b,  1  5b  than  in  the  lung  hilum  image  1  5a.  Therefore,  in  this  embodiment,  in  the  same  manner  as  that  described  above 

is  with  reference  to  Figure  1  0,  the  lung  region  image  1  5  may  be  divided  into  the  lung  hilum  image  1  5a  and  the  lung  field 
images  15b,  15b.  The  information,  which  discriminates  the  lung  hilum  image  15a  and  the  lung  field  images  15b,  15b 
from  each  other,  is  utilized  when  the  level  of  the  threshold  value  Th5  is  determined  in  the  course  of  comparing  the 
value  of  the  output  y3  with  the  threshold  value  Th5. 
[0274]  As  described  above,  the  lung  hilum  image  1  5a  and  the  lung  field  images  1  5b,  1  5b  may  be  discriminated  from 

20  each  other.  In  cases  where  a  judgment  is  made  as  to  whether  a  prospective  tumor  image,  which  is  present  in  the  region 
corresponding  to  the  lung  field  images  15b,  15b,  is  or  is  not  a  true  tumor  image,  the  threshold  value  Th5  is  set  to  a 
comparatively  small  value  (e.g.  0.4).  In  cases  where  a  judgment  is  made  as  to  whether  a  prospective  tumor  image, 
which  is  present  in  the  region  corresponding  to  the  lung  hilum  image  1  5a,  is  or  is  not  a  true  tumor  image,  the  threshold 
value  Th5  is  set  to  a  comparatively  large  value  (e.g.  0.6). 

25  [0275]  Also,  the  rib  images  15c,  15c  are  found  in  the  same  manner  as  that  described  with  reference  to  Figure  11  . 
[0276]  The  level  of  the  threshold  value  Th5  may  be  fixed,  and  the  information  which  discriminates  the  lung  field 
images  15b,  15b  and  the  lung  hilum  image  15a  from  each  other  may  be  fed  as  one  of  a  plurality  of  characteristic 
measures  F1,  F2,  Fn  into  the  neural  network. 
[0277]  Also,  as  described  above,  the  anatomical  information  may  be  utilized  in  the  course  of  finding  the  prospective 

30  abnormal  patterns. 
[0278]  In  the  manner  described  above,  in  the  second  prospective  abnormal  pattern  finding  means  53  of  the  computer 
system  40  shown  in  Figure  4,  the  information  about  a  plurality  of  characteristic  measures  F1,  F2,  Fn,  which  have 
been  calculated  by  the  characteristic  measure  calculating  means  52,  is  fed  into  the  neural  network  shown  in  Figure 
1  3.  The  signal  y3  representing  the  level  of  the  probability  that  a  prospective  tumor  image  C,  which  has  been  found  by 

35  the  first  prospective  abnormal  pattern  finding  means  51  ,  will  be  a  true  tumor  image  is  obtained  and  processed  with  a 
threshold  value.  After  it  has  been  judged  that  the  prospective  tumor  image  C  is  a  true  tumor  image  T,  the  information 
about  the  tumor  image  T  (for  example,  the  information  about  the  position  of  the  tumor  image  J,  or  the  information  about 
the  shape  thereof)  is  fed  into  the  CRT  display  device  44,  which  is  shown  in  Figure  4  and  which  constitutes  an  example 
of  the  display  means  54  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention, 

40  together  with  the  image  signal  S1  .  A  visible  image,  which  is  represented  by  the  image  signal  S1  ,  is  displayed  on  the 
CRT  display  device  44.  In  the  visible  image,  the  tumor  image  T  is  indicated  by,  for  example,  an  arrow  mark. 
[0279]  An  operator  observes  the  visible  image  and  inputs  information  I,  which  represents  whether  the  displayed 
tumor  image  T  is  or  is  not  a  true  tumor  image,  from  the  keyboard  43,  which  constitutes  an  example  of  the  input  means 
55  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention.  The  information  I  is 

45  fed  into  the  second  prospective  abnormal  pattern  finding  means  53  of  the  computer  system  40.  In  cases  where  the 
information  I,  which  represents  that  the  displayed  tumor  image  T  is  a  true  tumor  image,  is  fed  into  the  second  prospective 
abnormal  pattern  finding  means  53,  the  second  prospective  abnormal  pattern  finding  means  53  sets  the  instructor 
signal  d  in  Formula  (29)  to  d=1  .  In  cases  where  the  information  I,  which  represents  that  the  displayed  tumor  image  T 
is  not  a  true  tumor  image,  is  fed  into  the  second  prospective  abnormal  pattern  finding  means  53,  the  second  prospective 

so  abnormal  pattern  finding  means  53  sets  the  instructor  signal  d  in  Formula  (29)  to  d=0.  In  this  manner,  the  learning 
operations  by  back-propagation  of  errors  are  carried  out  in  the  neural  network.  The  weights  of  connection  Wk  j<+1  are 
changed  such  that  the  judgment  can  thereafter  be  carried  out  more  accurately. 
[0280]  As  described  above,  while  the  second  abnormal  pattern  detecting  apparatus  is  being  operated,  the  learning 
operations  can  be  altered  in  accordance  with  the  facility,  in  which  the  second  abnormal  pattern  detecting  apparatus  is 

55  located,  the  person  who  observes  the  visible  image  displayed  with  the  display  means  54,  or  the  like,  such  that  abnormal 
patterns  can  be  detected  more  accurately. 
[0281]  In  the  second  prospective  abnormal  pattern  finding  means  53,  in  lieu  of  or  in  addition  to  the  neural  network, 
the  nearest  neighbor  process  (NN  process)  described  above  may  be  employed  in  the  course  of  making  the  judgment 
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from  a  plurality  of  characteristic  measures  F1  ,  F2,  Fn. 
[0282]  Specifically,  as  in  the  cases  where  the  neural  network  is  employed,  a  plurality  of  X-ray  images  are  prepared, 
for  which  the  presence  or  absence  of  tumor  images  and  the  positions  of  the  tumor  images  are  known.  Prospective 
tumor  images  C,  C,  ...  are  found  from  the  X-ray  images  in  the  same  manner  as  that  described  above.  Also,  three 

5  characteristic  measures  F1  ,  F2,  and  F3  are  calculated  for  each  prospective  tumor  image  C.  The  information  about  the 
sets  of  the  three  characteristic  measures  F1  ,  F2,  and  F3  and  the  information,  which  represents  whether  the  prospective 
tumor  image  C  corresponding  to  each  set  of  the  characteristic  measures  F1  ,  F2,  and  F3  is  or  is  not  a  true  tumor  image, 
are  stored  as  a  data  base  in  the  second  prospective  abnormal  pattern  finding  means  53. 
[0283]  Thereafter,  characteristic  values  F*  ,  F̂   ,  and  Fg  are  calculated  for  a  prospective  tumor  image  C,  for  which 

10  it  is  unknown  whether  it  is  or  is  not  a  true  tumor  image.  From  the  characteristic  values  F*,  F*,  and  Fg  and  a  plurality 
of  characteristic  values  F.]  ,  F2,  and  F3,  where  i=1,  2,  n,  the  information  about  which  is  stored  as  the  data  base, 
distances  ai  are  calculated  with  Formula  (46).  A  judgment  is  then  made  as  to  the  level  of  the  probability  that  the 
prospective  tumor  image  C  corresponding  to  the  characteristic  values  F*,  F̂ ,  and  Fg  will  be  a  true  tumor  image.  The 
judgment  is  made  from  whether  a  prospective  tumor  image  C,  which  has  characteristic  values  F™,  F™,  and  Fg  corre- 

15  sponding  to  the  smallest  distance  am  among  the  distances  ai,  where  i=1  ,  2,  n,  is  or  is  not  a  true  tumor  image,  the 
value  of  the  smallest  distance  am,  or  the  like. 
[0284]  In  cases  where  the  NN  process  is  utilized,  in  the  second  prospective  abnormal  pattern  finding  means  53,  the 
information  about  a  plurality  of  characteristic  measures  F1,  F2,  Fn,  which  has  been  calculated  for  a  prospective 
tumor  image  C,  and  the  information  I,  which  is  fed  from  the  keyboard  43  and  which  represents  whether  said  prospective 

20  tumor  image  C  is  or  is  not  a  true  tumor  image,  are  added  to  the  data  base.  This  function  is  referred  to  as  the  learning 
function  of  the  second  prospective  abnormal  pattern  finding  means  53. 
[0285]  As  another  alternative,  as  in  the  cases  where  the  neural  network  or  the  NN  process  is  employed,  a  plurality 
of  X-ray  images  are  prepared,  for  which  the  presence  or  absence  of  tumor  images  and  the  positions  of  the  tumor 
images  are  known.  Prospective  tumor  images  C,  C,  ...  are  found  from  the  X-ray  images  in  the  same  manner  as  that 

25  described  above.  Also,  three  characteristic  measures  F1  ,  F2,  and  F3  are  calculated  for  each  prospective  tumor  image 
C.  Thereafter,  from  the  information  about  the  sets  of  the  three  characteristic  measures  F1  ,  F2,  and  F3  and  the  infor- 
mation,  which  represents  whether  the  prospective  tumor  image  C  corresponding  to  each  set  of  the  characteristic  meas- 
ures  F1  ,  F2,  and  F3  is  or  is  not  a  true  tumor  image,  threshold  values  to  be  used  during  the  judgment  as  to  whether  a 
prospective  tumor  image  is  or  is  not  a  true  tumor  image  are  calculated  for  the  characteristic  measures  F1  ,  F2,  and  F3. 

30  The  information  about  the  threshold  values  is  stored  in  the  second  prospective  abnormal  pattern  finding  means  53. 
Thereafter,  a  prospective  tumor  image  C,  for  which  it  is  unknown  whether  it  is  or  is  not  a  true  tumor  image,  is  extracted, 
and  characteristic  measures  F1  ,  F2,  and  F3  are  calculated  therefor.  The  information  about  the  characteristic  measures 
F1  ,  F2,  and  F3  calculated  for  the  prospective  tumor  image  C,  for  which  it  is  unknown  whether  it  is  or  is  not  a  true  tumor 
image,  is  fed  into  the  second  prospective  abnormal  pattern  finding  means  53.  At  this  time,  the  characteristic  measures 

35  F1  ,  F2,  and  F3  are  processed  with  the  threshold  values,  and  a  judgment  is  thereby  made  as  to  whether  the  corre- 
sponding  prospective  tumor  image  C  is  or  is  not  a  true  tumor  image. 
[0286]  In  cases  where  the  second  prospective  abnormal  pattern  finding  means  53  carries  out  such  a  simple  type  of 
processing  with  the  threshold  value,  the  information  I,  which  is  fed  from  the  keyboard  43  and  which  represents  whether 
a  prospective  tumor  image  C  is  or  is  not  a  true  tumor  image,  is  utilized  in  the  statistical  process  for  determining  the 

40  threshold  value.  This  function  is  referred  to  as  the  learning  function  of  the  second  prospective  abnormal  pattern  finding 
means  53. 
[0287]  As  described  above,  in  the  second  prospective  abnormal  pattern  finding  means  53,  a  judgment  is  made,  from 
a  plurality  of  characteristic  measures  F1  ,  F2,  Fn,  as  to  whether  a  prospective  tumor  image  C  is  or  is  not  a  true  tumor 
image.  The  judgment  is  made  with  one  of  the  techniques  described  above,  one  of  other  known  techniques,  or  a  com- 

45  bination  of  two  or  more  of  these  techniques. 
[0288]  In  the  aforesaid  embodiment  of  the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the 
present  invention,  from  an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on  a  stimulable 
phosphor  sheet,  a  tumor  image  is  detected  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray  image.  However, 
the  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  not  limited  to  the  detection 

so  of  a  circular  tumor  image  nor  to  the  processing  of  X-ray  images  of  chests.  Also,  recording  media  other  than  stimulable 
phosphor  sheets  may  be  used.  The  second  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention  is  applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  an  object,  abnormal  patterns 
in  the  radiation  image  are  detected. 
[0289]  An  embodiment  of  the  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention 

55  will  be  described  hereinbelow.  In  this  embodiment,  an  X-ray  image  is  stored  on  a  stimulable  phosphor  sheet,  and  an 
image  of  a  tumor,  which  typically  has  an  approximately  spherical  shape  in  the  lungs  of  a  human  body,  is  detected  as 
an  abnormal  pattern  from  the  X-ray  image.  In  a  visible  image  reproduced  from  the  image  signal  S1  ,  the  tumor  image 
typically  appears  as  an  approximately  circular  pattern  having  a  lower  density  than  the  areas  of  the  image  surrounding 
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the  tumor  image. 
[0290]  Figure  16  is  a  schematic  view  showing  an  example  of  an  X-ray  image  of  the  chest,  which  image  has  been 
stored  on  a  stimulable  phosphor  sheet. 
[0291]  With  reference  to  Figure  16,  the  X-ray  image  comprises  a  lung  region  image  75,  a  skin  image  76,  and  a 

5  background  region  77,  upon  which  the  X-rays  12  shown  in  Figure  2  impinged  directly  without  passing  through  the 
object  13.  The  lung  region  image  75  comprises  a  right  lung  field  image  75a,  a  left  lung  field  image  75b,  a  heart  image 
75c,  a  right  diaphragm  image  75d,  a  left  diaphragm  image  75e,  and  a  mediastinum  image  75f.  The  positions  of  the 
images  75a  through  75f  in  the  X-ray  image  are  found  in  the  manner  described  later.  Also,  a  lung  hilum  image  75g  is 
located  in  the  vicinity  of  the  middle  between  the  right  lung  field  image  75a  and  the  left  lung  field  image  75b. 

10  [0292]  The  image  signal  S1  ,  which  represents  the  X-ray  image  of  the  chest  shown  in  Figure  1  6,  is  obtained  from  the 
A/D  converter  33  shown  in  Figure  4  in  the  same  manner  as  that  described  above.  The  image  signal  S1  is  then  fed  into 
the  computer  system  40  shown  in  Figure  4.  The  computer  system  40  is  provided  with  an  embodiment  of  the  third 
abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention. 
[0293]  From  the  image  signal  S1  ,  which  is  made  up  of  a  series  of  image  signal  components  representing  the  X-ray 

is  image  and  which  has  been  fed  into  the  computer  system  40,  an  abnormal  pattern  in  the  X-ray  image  is  detected.  The 
computer  system  40  carries  out  the  operations  corresponding  to  the  blocks  61,  62,  and  63  shown  in  Figure  15.  The 
blocks  61  ,  62,  and  63  shown  in  Figure  15  will  hereinafter  be  referred  to  as  the  functions  of  the  computer  system  40. 
[0294]  The  image  signal  S1  ,  which  is  a  digital  electric  signal  representing  the  X-ray  image  shown  in  Figure  1  6,  is  fed 
into  the  operation  means  61  and  the  detection  means  63  shown  in  Figure  1  5.  Examples  of  the  operations  carried  out 

20  by  the  operation  means  61  will  first  be  described  below. 

Operation  means 

[0295]  From  the  image  signal  S1  ,  the  operation  means  61  of  the  computer  system  40  finds  anatomical  regions  75a 
25  through  75f  shown  in  Figure  16. 

[0296]  Figure  17  is  a  graph  showing  a  probability  density  function  of  the  image  signal  S1  ,  which  has  been  detected 
from  the  X-ray  image  shown  in  Figure  16.  In  Figure  17,  the  horizontal  axis  indicates  the  value  of  the  image  signal  S1  , 
and  the  vertical  axis  indicates  the  frequency  of  occurrence  of  the  value  of  the  image  signal  S1  . 
[0297]  Figure  18  is  an  explanatory  view  showing  how  the  positions  of  the  regions  corresponding  to  the  images  75a 

30  through  75f  in  the  lung  region  image  75  are  detected. 
[0298]  With  reference  to  Figure  17,  a  projecting  part  77,  which  is  present  on  the  right  side,  corresponds  to  the  back- 
ground  region  77  shown  in  Figure  1  6.  A  projecting  part  75  in  the  middle  corresponds  to  the  lung  region  image  75  shown 
in  Figure  1  6.  Also,  a  projecting  part  76  on  the  left  side  corresponds  to  the  skin  image  76  shown  in  Figure  1  6.  As  an  aid 
in  facilitating  the  explanation,  in  Figure  17,  the  projecting  parts  corresponding  to  the  regions  shown  in  Figure  16  are 

35  numbered  with  corresponding  reference  numerals. 
[0299]  In  this  embodiment,  regions  corresponding  to  the  right  lung  field  image  75a  and  the  left  lung  field  image  75b 
are  first  found  in  the  manner  described  below.  The  process  used  for  this  purpose  is  described  "Automatic  Threshold 
Value  Selecting  Process  Based  On  Discrimination  And  Least  Square  Standards"  by  Nobuyuki  Otsu,  collected  papers 
of  The  Institute  of  Electronics  and  Communication  Engineers  of  Japan,  63-D-4,  pp.  349-356,  1980. 

40  [0300]  A  threshold  value  t  is  determined  such  that  the  value  calculated  with  the  formula 

M1  -M2 
2  2 o1  +  o2 

45 
becomes  the  largest.  In  this  formula,  M1  and  o12  denote  respectively  the  mean  value  and  the  variance  of  the  values 
of  the  image  signal  S1  ,  which  values  are  larger  than  the  threshold  value  t.  Also,  M2  and  o22  denote  respectively  the 
mean  value  and  the  variance  of  the  values  of  the  image  signal  S1  ,  which  values  are  smaller  than  the  threshold  value 
t.  Thereafter,  from  the  image  signal  components  of  the  image  signal  S1  corresponding  to  the  projecting  part  75,  the 

50  image  signal  components  having  values  larger  than  the  threshold  value  t  are  extracted.  Two  regions,  which  are  com- 
posed  of  the  picture  elements  corresponding  to  the  thus  extracted  image  signal  components  and  which  have  compar- 
atively  large  areas,  are  found  as  corresponding  to  the  right  lung  field  image  75a  and  the  left  lung  field  image  75b  as 
shown  in  Figure  18. 
[0301]  Thereafter,  as  shown  in  Figure  18,  a  line  €1  is  drawn  which  connects  the  bottom  edges  of  the  right  lung  field 

55  image  75a  and  the  left  lung  field  image  75b.  The  right  edge  of  right  lung  field  image  75a,  which  right  edge  is  taken  in 
the  X-ray  image  shown  in  Figure  1  8,  is  approximated  by  a  straight  line,  and  a  line  €2  is  extended  downwardly  from  the 
straight  line.  Also,  the  upper  one-third  part  of  the  left  edge  of  the  left  lung  field  image  75b,  which  left  edge  is  taken  in 
the  X-ray  image  shown  in  Figure  1  8,  is  approximated  by  a  straight  line,  and  a  line  €3  is  extended  downwardly  from  the 
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straight  line.  In  this  manner,  a  region  75h  is  found  which  comprises  the  regions  corresponding  to  the  right  diaphragm 
image  75d,  the  mediastinum  image  75f,  the  heart  image  75c,  and  the  left  diaphragm  image  75e. 
[0302]  Also,  from  the  image  signal  components  of  the  image  signal  S1  representing  the  picture  elements,  which  are 
considered  to  be  located  in  the  vicinity  of  the  boundary  between  the  heart  image  75c  and  the  left  diaphragm  image 

5  75e  in  the  region  75h,  calculations  are  made  to  find  differences  between  the  values  of  the  image  signal  components 
representing  the  picture  elements  which  are  adjacent  to  each  other  in  the  vertical  direction,  which  vertical  direction  is 
taken  in  Figure  18.  The  picture  elements,  for  which  the  differences  are  larger  than  a  predetermined  value,  are  imaginarily 
plotted  on  the  X-ray  image.  A  line  €4,  which  connects  the  thus  plotted  picture  elements  and  which  extends  horizontally 
in  Figure  18,  is  found  to  be  the  boundary  between  the  heart  image  75c  and  the  left  diaphragm  image  75e.  In  this 

10  manner,  the  positions  of  the  regions  75a  through  75f  in  the  X-ray  image  are  detected. 
[0303]  The  operation  means  also  detects  the  positions  of  rib  images  (not  shown)  in  the  right  lung  field  image  75a 
and  the  left  lung  field  image  75b. 
[0304]  In  this  embodiment,  in  order  for  the  rib  images  15c,  15c  to  be  found,  a  method  may  be  employed  which  is 
described  in  "Discrimination  of  Rib  Images  in  X-ray  Fluorographic  Image  of  the  Chest",  The  Institute  of  Electronics  and 

is  Communication  Engineers  of  Japan,  Oct.  26,  1972,  material  No.  IT72-24  (1972-10)  of  the  society  for  the  study  of  image 
engineering.  With  the  method,  a  linear  figure  is  extracted  by  processing  an  image  signal  representing  an  X-ray  image 
of  the  chest  with  a  filter,  which  is  sensitive  to  lines.  From  the  position  of  the  linear  figure  in  the  X-ray  image,  the  direction 
along  which  the  linear  figure  extends,  or  the  like,  lines  corresponding  to  a  rib  image  are  detected.  Thereafter,  boundary 
lines  of  the  rib  image  are  approximately  represented  by  a  function  of  second  order.  In  this  manner,  a  rib  image  is 

20  extracted. 
[0305]  In  the  manner  described  above,  the  operation  means  61  of  the  computer  system  40  shown  in  Figure  4  detects 
the  positions  of  the  regions  75a  through  75f  and  rib  images  in  the  X-ray  image.  The  information  about  the  positions  is 
fed  into  the  detection  means  63  of  the  computer  system  40. 
[0306]  No  limitation  is  imposed  on  how  the  regions  75a  through  75f  and  rib  images  in  the  X-ray  image  are  detected. 

25 
Storage  means 

[0307]  By  way  of  example,  the  storage  means  62  of  the  computer  system  40  stores  the  tumor  image  detecting  filter 
described  below.  In  this  embodiment,  the  same  basic  algorithms  are  employed  in  the  tumor  image  detecting  filter  for 

30  the  respective  regions  in  the  X-ray  image. 
[0308]  The  storage  means  62  stores  the  spatial-domain  filter  which  has  been  described  above  with  reference  to 
Figures  5,  6,  and  7  and  which  uses  Formula  (3),  (4),  and  (5).  A  judgment  is  made  as  to  whether  a  predetermined  picture 
element  P0  in  the  X-ray  image  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image  in  the  X-ray 
image.  The  tumor  image  in  the  X-ray  image  can  be  detected  by  processing  the  image  signal  components  representing 

35  the  picture  elements  of  the  X-ray  image  with  the  filter  illustrated  in  Figure  5. 
[0309]  The  characteristic  value  C1  ,  which  is  obtained  with  Formula  (5)  in  the  same  manner  as  that  described  above, 
is  compared  with  a  predetermined  threshold  value  Th1  .  From  whether  C1STh1  or  C1<Th1  ,  the  judgment  is  made  as 
to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor 
image.  As  described  below,  the  threshold  value  Th1  varies  for  the  respective  regions  in  the  X-ray  image. 

40  [0310]  Figure  19  is  a  graph  showing  the  levels  of  the  threshold  value  Th1. 
[0311]  A  tumor  image,  which  is  the  object  of  the  detection  in  this  embodiment,  does  not  appear  in  regions  outside 
of  the  lung  region  image  75  nor  in  the  region  corresponding  to  the  mediastinum  image  75f.  Therefore,  for  the  regions 
outside  of  the  lung  region  image  75  and  for  the  region  corresponding  to  the  mediastinum  image  75f,  the  threshold 
value  Th1  is  set  to  Th1=T4  (large  value).  Therefore,  even  if  a  large  characteristic  value  C1  is  obtained  for  the  region 

45  corresponding  to,  for  example,  the  mediastinum  image  75f  when  the  image  signal  representing  the  X-ray  image  is 
processed  with  the  spatial-domain  filter  in  the  detection  means  63  as  will  be  described  later,  it  is  not  judged  that  the 
predetermined  picture  element  P0  corresponding  to  the  characteristic  value  C1  falls  within  the  region  corresponding 
to  the  tumor  image. 
[0312]  During  the  recording  of  the  X-ray  image  on  the  stimulable  phosphor  sheet,  less  of  the  X-rays  pass  through 

so  the  regions  corresponding  to  the  right  diaphragm  image  75d,  the  left  diaphragm  image  75e,  and  the  heart  image  75c 
than  through  the  right  lung  field  image  75a  and  the  left  lung  field  image  75b.  Therefore,  for  the  regions  corresponding 
to  the  right  diaphragm  image  75d,  the  left  diaphragm  image  75e,  and  the  heart  image  75c,  the  threshold  value  Th1  is 
set  to  Th  1  =TI  (small  value)  so  that  even  a  region  having  a  small  characteristic  value  C1  can  be  detected  to  be  a  tumor 
image.  Also,  the  mean  amount  of  X-rays,  which  have  passed  through  the  regions  corresponding  to  the  right  diaphragm 

55  image  75d  and  the  left  diaphragm  image  75e,  differs  from  the  mean  amount  of  X-rays,  which  have  passed  through  the 
region  corresponding  to  the  heart  image  75c.  Therefore,  the  threshold  value  Th1  may  vary  for  the  regions  corresponding 
to  the  diaphragm  images  75d,  75e  and  the  region  corresponding  to  the  heart  image  75c. 
[0313]  For  the  regions  corresponding  to  the  right  lung  field  image  75a  and  the  left  lung  field  image  75b  (but  excluding 
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the  regions  corresponding  to  rib  images),  the  threshold  value  Th1  is  changed  in  the  manner  described  below.  Specif- 
ically,  a  tumor  image,  which  is  the  object  of  the  detection  in  this  embodiment,  appears  more  easily  in  the  peripheral 
regions  of  the  right  lung  field  image  75a  and  the  left  lung  field  image  75b  than  in  the  region  corresponding  to  the  lung 
hilum  image  75g  shown  in  Figure  16.  Therefore,  a  value  is  calculated  with  the  formula 

5 

€  =  €2/€1  (0g€si1) 

where  €1  denotes  the  width  (the  length  taken  along  the  x  direction)  of  each  of  the  right  lung  field  image  75a  and  the 
10  left  lung  field  image  75b,  which  width  is  taken  at  each  position  along  the  y  direction  as  shown  in  Figure  18.  Also,  €2 

denotes  the  distance  from  the  boundary  between  the  right  lung  field  image  75a  and  the  mediastinum  image  75f  to  the 
predetermined  picture  element  P0,  or  the  distance  from  the  boundary  between  the  left  lung  field  image  75b  and  the 
mediastinum  image  75f  to  the  predetermined  picture  element  P0.  Thereafter,  as  indicated  by  line  79  in  Figure  1  9,  the 
threshold  value  Th1  is  changed  in  accordance  with  the  value  of  €.  Therefore,  the  sensitivity,  with  which  tumor  images 

15  present  at  peripheral  parts  of  the  regions  corresponding  to  the  lung  field  images  75a  and  75b  are  detected,  can  be 
kept  high.  Instead  of  the  threshold  value  Th1  being  changed,  the  characteristic  value  C1  may  be  weighted. 
[0314]  The  storage  means  62  of  the  computer  system  40  stores  the  information  about  the  aforesaid  spatial-domain 
filter  for  detecting  the  tumor  images  (including  the  threshold  value  Th1  for  each  region  in  the  X-ray  image).  When  the 
image  signal  S1  representing  the  X-ray  is  fed  into  the  detection  means  63  of  the  computer  system  40,  the  information 

20  stored  in  the  storage  means  62  is  read  and  fed  into  the  detection  means  63. 

Detection  means 

[0315]  As  described  above,  the  detection  means  63  receives  the  image  signal  S1  representing  the  X-ray  image,  from 
25  which  a  tumor  image  is  to  be  detected,  and  the  information  about  the  positions  of  the  anatomical  regions  in  the  X-ray 

image,  which  have  been  found  from  the  image  signal  S1  by  the  operation  means  61  (in  this  embodiment,  the  positions 
of  the  right  lung  field  image  75a,  the  left  lung  field  image  75b,  the  heart  image  75c,  right  diaphragm  image  75d,  the  left 
diaphragm  image  75e,  and  the  rib  images).  The  detection  means  63  also  receives  the  information  about  the  tumor 
image  detecting  filter  (including  the  threshold  value  Th1),  which  is  used  adaptivelyforthe  respective  anatomical  regions, 

30  from  the  storage  means  62.  The  detection  means  63  processes  the  image  signal  S1  with  the  aforesaid  spatial-domain 
filter  and  uses  the  threshold  value  Th1  suitable  for  the  respective  regions  75a  through  75g  shown  in  Figures  16  and 
18  in  order  to  detect  a  tumor  image. 
[0316]  The  rib  images  are  present  in  the  lung  field  images  75a  and  75b.  Therefore,  as  described  below,  when  the 
image  signal  components  representing  the  lung  field  images  75a  and  75b  are  processed  with  the  filter,  the  filter  is 

35  modified  adaptively  for  the  image  signal  components  corresponding  to  the  region  in  the  vicinity  of  the  rib  images. 
[0317]  Figure  11  is  an  enlarged  view  showing  part  of  rib  images  (not  shown  in  Figure  16)  in  the  lung  field  image  75a 
or  the  lung  field  image  75b  shown  in  Figure  16.  In  Figure  11  ,  the  filter  shown  in  Figure  5  is  also  illustrated. 
[0318]  As  illustrated  in  Figure  11,  part  of  the  filter  overlaps  the  rib  images  15c,  15c.  Therefore,  when  a  characteristic 
value  corresponding  to  a  predetermined  picture  element  P0  shown  in  Figure  11  is  calculated,  the  information  about  r1 

40  and  r2  is  utilized  for  the  lines  L1  ,  L3,  L5,  and  L7.  For  the  lines  L2  and  L6,  the  information  about  r1  ,  r2  and  r3  is  utilized. 
Also,  for  the  lines  L4and  L8,  only  the  information  about  r1  is  utilized.  In  this  manner,  the  spatial-domain  filter  is  modified 
adaptively  in  accordance  with  the  information  about  the  positions  of  the  rib  images.  Therefore,  the  calculation  of  the 
characteristic  value  C1  is  not  adversely  affected  by  the  rib  images. 
[0319]  The  basic  algorithms  employed  in  the  tumor  image  detecting  filter  are  not  limited  to  those  described  above. 

45  For  example,  the  algorithms  described  above  with  reference  to  Figures  5  and  8  may  be  employed.  With  the  algorithms, 
the  gradients  Vfi  of  the  image  signal  components  fij  representing  the  picture  elements  Pij,  where  i=1  ,  2,  8  and  j=1  , 
2,  3,  which  are  shown  in  Figure  5,  are  found.  The  characteristic  value  C2  is  then  calculated  and  compared  with  the 
predetermined  threshold  value  Th2.  From  the  results  of  the  comparison,  a  judgment  is  made  as  to  whether  a  prede- 
termined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  a  tumor  image.  Like  the  threshold 

50  value  Th1  ,  the  threshold  value  Th2  is  determined  for  each  of  the  anatomical  regions. 
[0320]  Alternatively,  the  algorithms,  which  have  been  described  above  with  reference  to  Figure  5  and  which  use 
Formulas  (7)  through  (18)  may  be  employed.  In  this  case,  like  the  threshold  values  Th1  and  Th2,  the  level  or  the 
function  of  the  threshold  value  Th3  compared  with  the  characteristic  value  C3  calculated  with  Formula  (18)  is  deter- 
mined  for  each  of  the  anatomical  regions. 

55  [0321]  The  detection  means  63  may  employ  any  of  other  filters. 
[0322]  Instead  of  altering  the  level  of  the  threshold  value  for  the  respective  anatomical  regions  or  in  addition  to  such 
alteration,  filters  utilizing  algorithms  suitable  for  the  respective  anatomical  regions  may  be  employed  for  the  respective 
anatomical  regions. 
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[0323]  During  the  processing  of  the  image  signal  with  one  of  the  filters  described  above,  it  will  often  occur  that  regions 
composed  of  many  linear  patterns,  such  as  blood  vessel  images,  are  also  found  to  be  tumor  images.  Therefore,  after 
finding  the  tumor  images,  the  detection  means  63  eliminates  such  regions  from  the  tumor  images  in  the  same  manner 
as  that  described  above  with  reference  to  Figures  9A  and  9B. 

5  [0324]  In  the  manner  described  above,  the  detection  means  63  of  the  computer  system  40  shown  in  Figure  4  finds 
the  tumor  images  by  processing  the  image  signal  representing  the  X-ray  image  with  the  spatial-domain  filter.  Thereafter, 
the  detection  means  63  judges,  from  the  characteristic  value  C4  calculated  with  Formula  (21  ),  whether  a  region,  which 
has  been  found  to  be  a  tumor  image,  is  or  is  not  to  be  eliminated  from  the  tumor  images.  The  detection  means  63  then 
feeds  out  the  information  T,  which  represents  the  position  of  a  remaining  tumor  image.  The  information  T,  which  has 

10  been  fed  out  of  the  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  stored  in  a 
storage  means  (not  shown)  together  with  the  image  signal  S1  .  When  a  visible  image  represented  by  the  image  signal 
S1  is  reproduced  and  displayed,  the  detected  tumor  image  is  shown  clearly  in  the  visible  image. 
[0325]  In  the  aforesaid  embodiment  of  the  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present 
invention,  from  an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on  a  stimulable  phosphor 

is  sheet,  a  tumor  image  is  detected  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray  image.  However,  the  third 
abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention  is  not  limited  to  the  detection  of  a 
circular  tumor  image  nor  to  the  processing  of  X-ray  images  of  chests.  Also,  recording  media  other  than  stimulable 
phosphor  sheets  maybe  used.  The  third  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention 
is  applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  an  object,  abnormal  patterns  in  the 

20  radiation  image  are  detected. 
[0326]  Embodiments  of  the  circular  pattern  judging  method  and  apparatus  in  accordance  with  the  present  invention 
will  be  described  hereinbelow.  In  these  embodiments,  an  X-ray  image  is  stored  on  a  stimulable  phosphor  sheet,  and 
an  image  of  a  tumor,  which  typically  has  an  approximately  spherical  shape  in  the  lungs  of  a  human  body,  is  detected 
from  the  X-ray  image.  In  a  visible  image  reproduced  from  the  image  signal  S1  ,  the  tumor  image  typically  appears  as 

25  an  approximately  circular  pattern  having  a  lower  density  than  the  areas  of  the  image  surrounding  the  tumor  image. 
[0327]  Figure  21  is  a  schematic  view  showing  an  example  of  an  X-ray  image  of  the  chest,  which  image  has  been 
stored  on  a  stimulable  phosphor  sheet. 
[0328]  With  reference  to  Figure  21  ,  an  X-ray  image  of  the  lungs  15  is  stored  over  approximately  the  whole  area  of 
a  stimulable  phosphor  sheet  14. 

30  [0329]  As  indicated  by  the  broken  lines  in  Figure  21  ,  a  plurality  of  imaginary  lines  extend  in  the  x  and  y  directions  on 
the  stimulable  phosphor  sheet  14.  Each  of  regions  Dij,  which  are  divided  from  one  another  by  the  imaginary  lines,  is 
taken  as  a  predetermined  region.  A  judgment  is  made  as  to  the  level  of  the  probability  that  each  of  the  regions  Dij  will 
fall  within  the  region  corresponding  to  a  circular  pattern  in  the  X-ray  image.  By  repeating  the  judgment  over  the  whole 
area  of  the  X-ray  image,  a  region  which  is  considered  as  corresponding  to  a  tumor  image  is  found. 

35  [0330]  The  image  signal  S1  ,  which  represents  the  X-ray  image  of  the  chest  shown  in  Figure  21  ,  is  obtained  from  the 
A/D  converter  33  shown  in  Figure  4  in  the  same  manner  as  that  described  above.  The  image  signal  S1  is  then  fed  into 
the  computer  system  40  shown  in  Figure  4.  The  computer  system  40  is  provided  with  an  embodiment  of  the  circular 
pattern  judging  apparatus  in  accordance  with  the  present  invention. 
[0331]  From  the  image  signal  S1  ,  which  is  made  up  of  a  series  of  image  signal  components  representing  the  X-ray 

40  image  and  which  has  been  fed  into  the  computer  system  40,  a  judgment  is  made  as  to  the  level  of  the  probability  that 
each  of  the  regions  Dij  will  fall  within  the  region  corresponding  to  a  tumor  image  in  the  X-ray  image. 
[0332]  Figure  20A  is  a  diagram  showing  a  predetermined  region  Dij  designated  from  among  those  shown  in  Figure 
21  ,  which  region  corresponds  to  a  true  tumor  image,  and  profiles  of  the  X-ray  image  in  the  region  along  the  x  and  y 
directions.  Figure  20B  is  a  diagram  showing  a  predetermined  region  Dij  designated  from  among  those  shown  in  Figure 

45  21  ,  which  region  is  composed  of  many  linear  patterns,  such  as  blood  vessel  images,  and  profiles  of  the  X-ray  image 
in  the  region  along  the  x  and  y  directions.  In  each  of  Figures  20A  and  20B,  the  region  surrounded  by  the  broken  line 
89  corresponds  to  one  of  the  regions  Dij,  which  are  divided  from  one  another  in  Figure  21  .  The  graphs  show  the  profiles 
of  the  X-ray  image  (i.e.  the  distributions  of  the  values  of  the  image  signal  S1)  in  the  region  Dij  along  the  x  and  y  directions. 
[0333]  As  shown  in  Figure  20A,  a  tumor  image  has  concave,  comparatively  flat  profiles  in  the  x  and  y  directions.  On 

so  the  other  hand,  as  shown  in  Figure  20B,  in  a  region  composed  of  many  linear  patterns,  the  image  profile  in  one  direction 
(x  direction  in  Figure  20B)  changes  at  short  intervals,  and  the  image  profile  in  the  other  direction  (y  direction  in  Figure 
20B)  is  comparatively  flat.  Therefore,  the  difference  in  image  profile  is  utilized  during  the  judgment  as  to  whether  each 
region  Dij  corresponds  to  a  region  composed  of  many  linear  patterns  or  to  a  tumor  image.  Specifically,  a  mean  value 
is  calculated  from  the  square  values  of  first-order  differences  between  the  values  of  image  signal  components  repre- 

ss  senting  adjacent  picture  elements,  which  are  located  along  each  of  the  x  and  y  directions  in  the  region  Dij.  The  calcu- 
lations  are  carried  out  with  the  formulas 
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Zx  =  E  E  { f ( m + l , n )   -  f  ( m , n ) } 2 / N  
m  n 

(m,n)CDi  j 

Zy  =  E  E  {f  ( m , n + l )   -  f  ( m , n ) } 2 / N  
m  n 

10  ( m , n ) c D i j  

45 

( 4 7 )  

( 4 8 )  

In  Formulas  (47)  and  (40),  m,  where  m=1  ,  2,  denotes  picture  elements  located  along  the  x  direction,  and  n,  where 
n=1,  2,  denotes  picture  elements  located  along  the  y  direction.  Also,  f(m,n)  denotes  the  values  of  image  signal 

is  components  representing  the  picture  elements  (m,n).  Further, 

E  E 
m  n 

20  (m,n)cDij  

denotes  the  addition  of  the  square  values  of  first  order  differences  in  the  region  Dij,  and  N  denotes  the  number  of 
picture  elements  in  the  region  Dij. 

25  [0334]  Thereafter,  a  calculation  is  made  to  find  a  characteristic  value  C5  which  is  used  during  the  judgment  as  to 
whether  the  region  Dij  corresponds  or  does  not  correspond  to  a  region  composed  of  many  linear  patterns.  The  calcu- 
lation  is  carried  out  with  the  formula 

C5  =  (49) 30  max  (Zx,Zy) 

where  min(Zx,Zy)  denotes  the  mean  value  Zx  or  the  mean  value  Zy,  whichever  is  smaller,  and  max(Zx,Zy)  denotes 
the  mean  value  Zx  or  the  mean  value  Zy,  whichever  is  larger.  The  characteristic  value  C5  is  then  compared  with  a 
predetermined  threshold  value  Th6.  When  C5STh6,  it  is  judged  that  the  region  Dij  has  a  high  probability  of  correspond- 

35  ing  to  a  tumor  image.  When  C5<Th6,  it  is  judged  that  the  region  Dij  corresponds  to  a  region  composed  of  many  linear 
patterns  and  therefore  has  a  low  probability  of  corresponding  to  a  tumor  image. 
[0335]  The  characteristic  value  C5  need  not  necessarily  be  calculated  with  Formula  (49),  but  may  be  calculated  with, 
for  example,  one  of  the  formulas 

C5  =  f ^ '   (50) Zx  +  Zy 

C5  =  IZx-Zyl  (51) 

Also,  in  the  example  described  above,  calculations  are  carried  out  to  find  the  first-order  differences  f(m+1  ,n)-f(m,n),  f 
(m,n+1)-f(m,n)  between  the  values  of  image  signal  components  representing  adjacent  picture  elements,  which  are 
located  along  each  of  the  x  and  y  directions  in  the  region  Dij.  Alternatively,  calculations  may  be  made  to  find  differences 
between  the  values  of  image  signal  components  representing  adjacent  picture  elements,  which  are  located  in  the 

50  region  Dij  along  oblique  directions,  which  are  not  perpendicular  to  the  x  direction  nor  to  the  y  direction.  As  another 
alternative,  instead  of  calculating  the  mean  value  from  the  square  values  of  the  first-order  differences,  a  mean  value 
may  be  calculated  from  the  absolute  values  of  the  first-order  differences. 
[0336]  In  the  computer  system  40  shown  in  Figure  4,  the  operations  described  above  are  repeated  for  the  respective 
regions  Dij  shown  in  Figure  21  .  In  this  manner,  regions  having  a  high  probability  of  corresponding  to  a  tumor  image  is 

55  found. 
[0337]  After  regions  having  a  high  probability  of  being  a  tumor  image  are  found,  a  visible  image  represented  by  the 
image  signal  S1  is  reproduced  and  displayed  on  a  CRT  display  device  such  that  the  images  of  the  regions  can  be 
viewed  clearly.  Such  a  visible  image  can  serve  as  an  effective  tool  in,  particularly,  the  efficient  and  accurate  diagnosis 
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of  an  illness. 
[0338]  In  this  embodiment,  filtering  operations  may  then  be  carried  out  on  the  image  signal  components  correspond- 
ing  to  the  picture  elements  located  in  the  regions,  which  have  been  found  as  having  a  high  probability  of  corresponding 
to  a  tumor  image,  and  the  image  signal  components  corresponding  to  the  picture  elements  in  the  vicinity  of  these 

5  regions.  In  the  filtering  operations,  each  of  these  picture  elements  is  taken  as  a  predetermined  picture  element  P0.  In 
this  manner,  only  the  regions  having  a  higher  probability  of  corresponding  to  a  tumor  image  may  be  extracted  from  the 
regions  which  have  once  been  found  as  having  a  high  probability  of  corresponding  to  a  tumor  image. 
[0339]  The  filtering  operations  are  carried  out  with  the  spatial-domain  filter  which  has  been  described  above  with 
reference  to  Figures  5,  6,  and  7  and  which  uses  Formulas  (3),  (4),  and  (5).  A  judgment  is  made  as  to  whether  the 

10  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  a  tumor  image. 
[0340]  The  spatial-domain  filter  is  used  to  process  the  image  signal  components  corresponding  to  the  picture  ele- 
ments  located  in  the  regions  Dij,  which  have  been  found  as  having  a  high  probability  of  corresponding  to  a  tumor  image, 
and  the  image  signal  components  corresponding  to  the  picture  elements  in  the  vicinity  of  these  regions  Dij.  That  is, 
each  of  the  picture  elements  located  in  the  regions  Dij  and  in  the  vicinity  thereof  is  taken  as  the  predetermined  picture 

is  element  P0,  and  a  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within 
the  region  corresponding  to  a  tumor  image.  In  this  manner,  only  the  regions  having  a  higher  probability  of  corresponding 
to  a  tumor  image  can  be  extracted  from  the  regions  Dij  which  have  once  been  found  as  having  a  high  probability  of 
corresponding  to  a  tumor  image. 
[0341]  No  limitation  is  imposed  on  the  type  of  the  filter  used  to  extract  the  regions,  which  have  a  higher  probability 

20  of  corresponding  to  a  tumor  image,  from  the  regions  Dij  which  have  once  been  found  as  having  a  high  probability  of 
corresponding  to  a  tumor  image.  For  example,  the  filter  described  above  with  reference  to  Figures  5  and  8  may  be 
employed.  With  this  filter,  the  gradients  Vfi  of  the  image  signal  components  fij  representing  the  picture  elements  Pij, 
where  i=1  ,2,  8  and  j=1  ,  2,  3,  which  are  shown  in  Figure  5,  are  found.  The  characteristic  value  C2  is  then  calculated 
and  compared  with  the  predetermined  threshold  value  Th2.  From  the  results  of  the  comparison,  a  judgment  is  made 

25  as  to  whether  a  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  a  tumor 
image.  Alternatively,  the  filter,  which  has  been  described  above  with  reference  to  Figure  5  and  which  use  Formulas  (7) 
through  (18)  may  be  employed.  Also,  any  of  other  filters  may  be  employed. 
[0342]  After  the  regions  having  a  higher  probability  of  corresponding  to  a  tumor  image  are  extracted  with  the  filtering 
operations,  a  visible  image  is  displayed  on  the  CRT  display  device  44  shown  in  Figure  4  such  that  images  of  the 

30  extracted  regions  can  be  observed  clearly. 
[0343]  In  the  aforesaid  embodiments  of  the  circular  pattern  judging  method  and  apparatus  in  accordance  with  the 
present  invention,  judgments  are  first  carried  out  as  to  the  levels  of  the  probability  that  the  regions  Dij  will  fall  within 
the  region  corresponding  to  a  tumor  image.  Alternatively,  regions,  which  are  considered  as  corresponding  to  a  tumor 
image  may  first  be  found  by  scanning  the  image  signal  S1  with  the  spatial-domain  filter  described  above.  Thereafter, 

35  each  of  the  thus  found  regions  may  be  taken  as  a  predetermined  region,  and  a  judgment  may  then  be  made  as  to  the 
level  of  the  probability  that  each  region  will  fall  within  the  region  corresponding  to  a  tumor  image. 
[0344]  In  the  aforesaid  embodiments  of  the  circular  pattern  judging  method  and  apparatus  in  accordance  with  the 
present  invention,  from  an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on  a  stimulable 
phosphor  sheet,  a  tumor  image  is  detected  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray  image.  However, 

40  the  circular  pattern  judging  method  and  apparatus  in  accordance  with  the  present  invention  are  not  limited  to  the 
detection  of  a  tumor  image  nor  to  the  processing  of  X-ray  images  of  chests.  Also,  recording  media  other  than  stimulable 
phosphor  sheets  may  be  used.  The  circular  pattern  judging  method  and  apparatus  in  accordance  with  the  present 
invention  are  applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  an  object,  circular  patterns 
in  the  radiation  image  are  detected. 

45  [0345]  An  embodiment  of  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention 
will  be  described  hereinbelow.  In  this  embodiment,  an  X-ray  image  is  stored  on  a  stimulable  phosphor  sheet,  and  an 
image  of  a  tumor,  which  typically  has  an  approximately  spherical  shape  in  the  lungs  of  a  human  body,  is  detected  as 
an  abnormal  pattern  from  the  X-ray  image.  In  a  visible  image  reproduced  from  an  image  signal  representing  the  X-ray 
image,  the  tumor  image  typically  appears  as  an  approximately  circular  pattern  having  a  lower  density  than  the  areas 

so  of  the  image  surrounding  the  tumor  image. 
[0346]  Figure  22  is  a  schematic  view  showing  an  example  of  an  X-ray  image  recording  apparatus. 
[0347]  With  reference  to  Figure  22,  X-rays  12  are  produced  by  an  X-ray  source  11  of  an  X-ray  image  recording 
apparatus  1  0  and  irradiated  to  the  chest  1  3a  of  a  human  body  1  3.  X-rays  1  2a,  which  have  passed  through  the  human 
body  1  3,  impinge  upon  a  first  stimulable  phosphor  sheet  85.  In  this  manner,  a  first  X-ray  image  of  the  chest  1  3a  of  the 

55  human  body  1  3  is  stored  on  the  first  stimulable  phosphor  sheet  85. 
[0348]  Thereafter,  the  first  stimulable  phosphor  sheet  85  is  quickly  removed  from  the  X-ray  image  recording  apparatus 
10,  and  a  second  stimulable  phosphor  sheet  86  is  quickly  set  therein.  Also,  the  tube  voltage  of  the  X-ray  source  11  is 
changed.  The  X-ray  image  recording  operation  is  then  carried  out  for  the  second  stimulable  phosphor  sheet  86.  In  this 
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manner,  a  second  X-ray  image  of  the  same  object  13  is  stored  on  the  second  stimulable  phosphor  sheet  86  with  X- 
rays,  which  have  a  different  energy  distribution  than  the  X-rays  used  during  the  recording  of  the  first  X-ray  image  on 
the  first  stimulable  phosphor  sheet  85.  The  object  13  is  provided  with  marks  94  and  95,  and  images  of  the  marks  94 
and  95  are  also  recorded  on  the  first  stimulable  phosphor  sheet  85  and  the  second  stimulable  phosphor  sheet  86.  As 

5  an  aid  in  facilitating  the  explanation,  the  reference  numerals  94  and  95  will  hereinafter  denote  both  the  marks  and  the 
images  thereof.  The  marks  94  and  95  are  used  when  the  positions  of  the  first  X-ray  image  stored  on  the  first  stimulable 
phosphor  sheet  85  and  the  second  X-ray  image  stored  on  the  second  stimulable  phosphor  sheet  86  are  adjusted  so 
that  they  coincide  with  each  other. 
[0349]  Figure  23  is  a  perspective  view  showing  an  example  of  an  X-ray  image  read-out  apparatus  and  a  computer 

10  system  which  is  provided  with  an  embodiment  of  the  fourth  abnormal  pattern  detecting  apparatus  in  accordance  with 
the  present  invention.  In  Figure  23,  similar  elements  are  numbered  with  the  same  reference  numerals  with  respect  to 
Figure  4. 
[0350]  After  the  image  recording  operations  are  carried  out  with  the  X-ray  image  recording  apparatus  10  shown  in 
Figure  22,  the  first  stimulable  phosphor  sheet  85  and  the  second  stimulable  phosphor  sheet  86  are  set  one  after  another 

is  at  a  predetermined  position  in  the  X-ray  image  read-out  apparatus  shown  in  Figure  23.  The  first  and  second  X-ray 
images  are  read  out  from  the  first  stimulable  phosphor  sheet  85  and  the  second  stimulable  phosphor  sheet  86. 
[0351]  An  analog  output  signal  SA  generated  by  the  photomultiplier  31  is  logarithmically  amplified  by  the  logarithmic 
amplifier  32  and  digitized  by  the  A/D  converter  33.  In  this  manner,  an  image  signal  SO  is  obtained  as  an  electric  signal. 
[0352]  The  image  signal  SO  is  then  fed  into  the  computer  system  40.  The  image  signal  SO  represents  the  first  X- 

20  ray  image  stored  on  the  first  stimulable  phosphor  sheet  85.  Therefore,  the  image  signal  SO  will  hereinbelow  be  referred 
to  as  the  first  image  signal  SOI  . 
[0353]  The  computer  system  40  is  provided  with  an  embodiment  of  the  fourth  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  present  invention. 
[0354]  Thereafter,  in  the  same  manner  as  that  described  above,  a  second  image  signal  S02  is  obtained,  which 

25  represents  the  second  X-ray  image  stored  on  the  second  stimulable  phosphor  sheet  86.  The  second  image  signal  S02 
is  fed  into  the  computer  system  40. 
[0355]  From  the  first  image  signal  SOI  and  the  second  image  signal  S02  which  have  been  fed  into  the  computer 
system  40,  an  abnormal  pattern  in  the  X-ray  image  is  detected. 
[0356]  Hardware  and  software  functions  of  the  computer  system  40  constitute  the  respective  means  of  the  fourth 

30  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention. 

Image  operation  means 

[0357]  As  described  above,  the  first  image  signal  SOI  and  the  second  image  signal  S02  represent  the  first  and 
35  second  X-ray  images,  which  were  recorded  with  the  X-rays  having  different  energy  distributions.  The  X-rays  having 

different  energy  distributions  exhibit  different  transmittances  with  respect  to  soft  tissues  and  bones  of  the  object  (the 
chest  of  a  human  body  in  this  case).  Therefore,  by  carrying  out  the  subtraction  processing  on  the  first  and  second  X- 
ray  images,  an  image  of  only  the  soft  tissues  of  the  object  can  be  obtained. 
[0358]  From  the  first  image  signal  SOI  and  the  second  image  signal  S02,  the  computer  system  40  adjusts  the  po- 

40  sitions  of  the  first  and  second  X-ray  images  in  the  manner  described  below.  In  this  embodiment,  the  process  for  adjusting 
the  positions  is  employed  which  is  disclosed  in  Japanese  Unexamined  Patent  Publication  No.  58(1  983)-1  63388. 
[0359]  The  marks  94  and  95  in  the  first  X-ray  image  represented  by  the  first  image  signal  SOI  will  hereinbelow  be 
referred  to  as  the  marks  94'  and  95'.  Also,  the  marks  94  and  95  in  the  second  X-ray  image  represented  by  the  second 
image  signal  S02  will  hereinbelow  be  referred  to  as  the  marks  94"  and  95".  The  marks  94'  and  95'  respectively  have 

45  coordinates  (XA1  ,YA1  )  and  coordinates  (XA2,YA2).  The  marks  94"  and  95"  respectively  have  coordinates  (XB1  ,YB1  ) 
and  coordinates  (XB2,YB2). 
[0360]  The  following  formula  obtains: 

a  t  -1  ,YB2  -  YB1  .  t  -1  ,YA2  -  YA1  . e  =  tan  ( ^ T x e D - t a n   ( y ^ X M ]   (52) 

where  6  denotes  the  angle  of  rotation  between  the  two  X-ray  images,  i.e.  the  angle  between  the  line,  which  connects 
the  coordinates  (XA1,YA1)  and  the  coordinates  (XA2,YA2),  and  the  line,  which  connects  the  coordinates  (XB1,YB1) 
and  the  coordinates  (XB2,YB2).  The  positions  of  the  two  X-ray  images  can  be  caused  to  coincide  with  each  other  by 

55  rotating  the  first  X-ray  image  by  the  angle  6. 
[0361]  A  shift  AX1  along  the  x  direction  between  the  marks  94'  and  94"  in  the  two  X-ray  images  and  a  shift  AY1  along 
the  y  direction  between  the  marks  94'  and  94"  in  the  two  X-ray  images  are  expressed  as 
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10 

AX1  =  XB1  -  {<x-(XA1  -  CX)-cos6 

-  a(YA1  -  CY)-sin6  +  CX}  (53) 
5 

AY1  =  YB1  -  {<x-(XA1  -  CX)-sin6 

+  a(YA1  -  CY)-cos6  +  CY}  (54) 
10 

Also,  a  shift  AX2  along  the  x  direction  between  the  marks  95'  and  95"  in  the  two  X-ray  images  and  a  shift  AY2  along 
the  y  direction  between  the  marks  95'  and  95"  in  the  two  X-ray  images  are  expressed  as 

1£  AX2  =  XB2  -  {a-(XA2  -  CX)-cos6 

-a(YA2-CY)-sin6  +  CX}  (55) 

20  AY2  =  YB2-{a-(XA2-CX)-sin6 

+  a(YA2  -  CY)-cos6  +  CY}  (56) 

In  Formulas  (53)  through  (56),  CX  and  CY  respectively  denote  the  X  and  Y  coordinates  of  the  center  of  rotation. 
25  [0362]  In  ideal  cases,  AX1  and  AX2  will  be  equal  to  each  other.  Also,  AY1  and  AY2  will  be  equal  to  each  other. 

However,  in  some  cases,  they  will  not  be  equal  to  each  other  because  of  errors  in  sampling  of  the  image  signals  SOI 
and  S02.  Therefore,  position  adjustment  amounts  AX  and  AY  along  the  X  and  Y  directions  are  calculated  from  the 
formulas 

15 

20 

30 

35 

45 

AX  =  (AX1  +  AX2)/2  (57) 

AY  =  (AY1  +  AY2)/2  (58) 

The  amounts  thus  calculated  are  used  during  the  adjustment  of  the  position  of  the  first  X-ray  image  along  the  X  and 
Y  directions. 
[0363]  In  the  manner  described  above,  a  first  image  signal  SOI'  and  a  second  image  signal  S02'  are  obtained,  which 
respectively  represent  the  first  and  second  X-ray  images  whose  positions  have  been  adjusted.  The  image  signal  com- 

40  ponents  of  the  first  image  signal  SOI'  and  the  second  image  signal  S02'  which  represent  corresponding  picture  ele- 
ments  in  the  two  X-ray  images  are  then  subtracted  from  each  other.  The  subtraction  processing  is  expressed  as 

S1  =  Wa-S01  '  -  Wb-S02'  +  C  (59) 

where  Wa  and  Wb  denote  weight  factors,  and  C  denotes  the  bias  component.  In  this  manner,  a  soft  tissue  image  signal 
S1  is  obtained  which  represents  an  image  of  the  soft  tissues. 
[0364]  Figure  24A  shows  an  example  of  an  original  image,  which  is  represented  by  the  image  signal  SOI  or  the 
image  signal  S02  and  which  comprises  bone  images  and  a  soft  tissue  image.  Figure  24B  shows  an  example  of  a  soft 

so  tissue  image. 
[0365]  In  the  soft  tissue  image  shown  in  Figure  24B,  the  bone  images  have  been  eliminated  from  the  original  image 
shown  in  Figure  24A,  and  only  the  image  of  soft  tissues  is  formed. 
[0366]  When  necessary,  the  image  operation  means  carries  out  other  image  processing,  such  as  frequency  response 
enhancement  processing,  smoothing  processing,  or  noise  elimination  processing  on  the  first  image  signal  SOI  and 

55  the  second  image  signal  S02  or  on  the  soft  tissue  image  signal  S1  . 
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Abnormal  pattern  finding  means 

[0367]  An  abnormal  pattern  finding  means,  which  is  provided  in  the  computer  system  40,  finds  a  tumor  image,  which 
appears  in  the  soft  tissue  image,  by  processing  the  soft  tissue  image  signal  S1,  which  has  been  obtained  from  the 

5  image  operation  means,  with  an  abnormal  pattern  finding  filter. 
[0368]  Figure  5  is  a  diagram  having  a  predetermined  picture  element  P0  from  a  soft  tissue  image  in  the  middle,  which 
diagram  serves  as  an  aid  in  explaining  how  a  spatial-domain  filter  works. 
[0369]  A  judgment  is  made  as  to  whether  a  predetermined  picture  element  P0  in  the  soft  tissue  image  falls  or  does 
not  fall  within  the  region  corresponding  to  the  tumor  image  in  the  soft  tissue  image.  The  tumor  image  in  the  soft  tissue 

10  image  can  be  detected  by  processing  the  image  signal  components  representing  the  picture  elements  of  the  soft  tissue 
image  with  the  filter  illustrated  in  Figure  5. 
[0370]  Figure  25  is  a  graph  showing  an  example  of  the  profile  of  a  soft  tissue  image  around  a  predetermined  picture 
element  P0  in  the  direction  (x  direction)  along  which  the  lines  L1  and  L5  shown  in  Figure  5  extend.  In  this  example, 
the  predetermined  picture  element  P0  is  located  in  a  region  where  the  image  density  (i.e.  the  value  of  the  soft  tissue 

is  image  signal  S1  )  changes  sharply.  Typically,  the  profile  of  a  tumor  image  (i.e.  the  distribution  of  the  values  of  the  image 
signal  components  representing  the  tumor  image)  is  approximately  symmetric  bilaterally.  However,  in  cases  where, 
for  example,  a  tumor  image  97  is  located  in  a  region  where  the  image  density  changes  sharply,  as  in  the  illustrated 
example,  it  often  occurs  that  the  profile  of  the  tumor  image  97  is  not  symmetric  bilaterally.  It  is  important  that  the  tumor 
image  97  can  be  detected  even  in  such  cases.  In  Figure  25,  the  broken  line  98  represents  an  example  of  the  profile 

20  of  a  soft  tissue  image  including  no  tumor  image. 
[0371]  As  shown  in  Figure  5,  a  plurality  of  (in  this  case,  eight)  imaginary  lines  Li,  where  i=1  ,  2,  8,  extend  from  the 
predetermined  picture  element  P0  in  the  soft  tissue  image  to  peripheral  parts  of  the  soft  tissue  image.  Also,  imaginary 
circles  Rj,  where  j=1,  2,  3,  having  radii  r1,  r2,  and  r3  extend  around  the  predetermined  picture  element  P0.  The  soft 
tissue  image  signal  component  fO  representing  the  predetermined  picture  element  P0  is  found.  Also,  the  soft  tissue 

25  image  signal  components  fij  are  found  which  represent  the  picture  elements  Pij  located  at  the  intersections  of  each  of 
the  lines  Li  and  the  circles  Rj.  (In  Figure  5,  P11  ,  P12,  and  P13  denote  picture  elements  located  at  the  intersections  of 
a  line  L1  and  circles  R1  ,  R2,  and  R3.  Also,  P51  ,  P52,  and  P53  denote  the  picture  elements  located  at  the  intersections 
of  a  line  L5  and  the  circles  R1  ,  R2,  and  R3.) 
[0372]  Thereafter,  differences  Aij  between  the  value  of  the  soft  tissue  image  signal  component  fO  representing  the 

30  predetermined  picture  element  P0  and  the  values  of  the  soft  tissue  image  signal  components  fij  representing  the  picture 
elements  Pij  are  calculated  from  Formula  (60),  which  is  expressed  as 

Aij  =  fij  -  fO  (60) 
35 

(i  =  1,2,...,8;  j  =  1,2,3) 
[0373]  For  each  of  the  lines  Li,  the  maximum  value  of  the  differences  Aij,  which  have  been  calculated  from  Formula 
(60),  is  then  found.  Specifically,  for  the  line  L1,  the  maximum  value  of  the  differences  between  the  value  of  the  soft 
tissue  image  signal  component  fO  representing  the  predetermined  picture  element  P0  and  the  values  of  the  soft  tissue 

40  image  signal  components  f11  ,  f12,  and  f13  representing  the  picture  elements  P11  ,  P12,  and  P13  is  found.  The  differ- 
ences  can  be  expressed  as 

45 
A11  =f11  -  fO 

A12  =  f12  -fO 

50  A13  =  f13-f0 

In  this  example,  as  illustrated  in  Figure  25,  A13<A12<A11<0,  and  therefore  the  difference  A11  is  found  to  be  the  max- 
imum  value. 
[0374]  In  this  embodiment,  typically,  a  circular  pattern  (tumor  image)  is  detected  which  has  the  characteristic  that 

55  the  value  of  the  soft  tissue  image  signal  component  corresponding  to  the  center  position  of  the  circular  pattern  is  smaller 
than  the  values  of  the  soft  tissue  image  signal  components  corresponding  to  the  peripheral  portions  of  the  circular 
pattern.  However,  for  the  line  L1  ,  the  differences  A13,  A12,  and  A11  are  negative.  Therefore,  the  maximum  value  A11 
which  was  found  for  the  line  L1  is  not  one  which  would  be  effective.  Accordingly,  in  this  case,  a  value  of  0.0  is  taken 
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as  the  representative  value,  which  is  representative  of  the  differences  A1  1  ,  A1  2,  and  A1  3,  for  the  line  L1  .  Alternatively, 
a  maximum  value,  which  has  been  found  from  the  aforesaid  differences,  may  directly  be  employed  as  the  representative 
value. 
[0375]  For  the  line  L5,  the  maximum  value  of  the  differences  between  the  value  of  the  image  signal  component  fO 

5  representing  the  predetermined  picture  element  P0  and  the  values  of  the  image  signal  components  f51  ,  f52,  and  f53 
representing  the  picture  elements  P51  ,  P52,  and  P53  is  also  found.  The  differences  are  expressed  as 

10 
A51  =  f51  -  fO 

A52  =  f52  -  fO 

15  A53  =  f53  -  fO 

In  this  example,  the  difference  A53  is  found  to  be  the  maximum  value  and  is  employed  as  the  representative  value, 
which  is  representative  of  the  differences  A51  ,  A52,  and  A53,  for  the  line  L5. 
[0376]  In  the  manner  described  above,  for  each  of  the  lines  Li,  the  differences  Aij  between  the  value  of  the  soft  tissue 

20  image  signal  component  fO  representing  the  predetermined  picture  element  P0  and  the  values  of  the  soft  tissue  image 
signal  components  fij  representing  the  picture  elements  Pij  are  calculated,  and  the  maximum  value  of  the  differences 
is  found.  In  cases  where  the  maximum  value  of  the  differences  thus  found  is  an  effective  one,  the  maximum  value  is 
taken  as  the  representative  value  with  respect  to  the  corresponding  line.  In  cases  where  the  maximum  value  of  the 
differences  thus  found  is  not  an  effective  one,  a  value  of  0.0  is  taken  as  the  representative  value  with  respect  to  the 

25  corresponding  line. 
[0377]  Thereafter,  calculations  are  made  to  find  the  mean-level  value,  for  example,  the  mean  value,  of  two  repre- 
sentative  values,  which  have  been  found  for  each  set  of  two  lines  extending  from  the  predetermined  picture  element 
P0  in  opposite  directions.  Specifically,  mean  values  M15,  M26,  M37,  and  M48  are  calculated  respectively  for  the  set 
of  lines  L1  and  L5,  the  set  of  lines  L2  and  L6,  the  set  of  lines  L3  and  L7,  and  the  set  of  lines  L4  and  L8.  For  the  set  of 

30  lines  L1  and  L5,  the  mean  value  M15  is  given  by  the  formula 

35  [0378]  As  described  above,  two  lines  extending  from  the  predetermined  picture  element  P0  in  opposite  directions 
are  grouped  into  a  single  set.  Therefore,  a  tumor  image  can  be  detected  accurately  even  when,  as  shown  in  Figure 
25,  it  is  present  in  a  region  where  the  image  density  changes  sharply  and  the  distribution  of  the  values  of  the  soft  tissue 
image  signal  components  representing  the  tumor  image  is  asymmetric. 
[0379]  From  the  mean  values  M15,  M26,  M37,  and  M48,  which  have  been  calculated  in  the  manner  described  above, 

40  a  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corre- 
sponding  to  the  tumor  image.  No  limitation  is  imposed  on  how  the  judgment  is  made  from  the  mean  values  M15,  M26, 
M37,  and  M48.  By  way  of  example,  the  judgment  may  be  made  in  the  manner  described  below. 
[0380]  Figure  26  is  a  graph  showing  how  a  characteristic  value  C6  is  determined  which  is  used  during  the  judgment 
as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor 

45  image.  In  Figure  26,  the  horizontal  axis  represents  the  mean  values  M15,  M26,  M37,  and  M48,  which  have  been 
calculated  in  the  manner  described  above.  The  vertical  axis  represents  rating  values  C15,  C26,  C37,  and  C48,  which 
correspond  respectively  to  the  mean  values  M15,  M26,  M37,  and  M48. 
[0381]  A  rating  value  of  zero  is  assigned  to  the  mean  values  M15,  M26,  M37,  and  M48  in  cases  where  they  are 
smaller  than  a  certain  value  M1.  A  rating  value  of  1.0  is  assigned  to  the  mean  values  M15,  M26,  M37,  and  M48  in 

so  cases  where  they  are  larger  than  a  certain  value  M2.  In  cases  where  the  mean  values  M15,  M26,  M37,  and  M48  fall 
within  the  range  of  M1  to  M2,  a  rating  value  falling  within  the  range  of  0.0  to  1  .0  is  assigned  to  the  mean  values  M15, 
M26,  M37,  and  M48,  depending  upon  their  values.  In  this  manner,  the  rating  values  C15,  C26,  C37,  and  C48  are  found, 
which  correspond  respectively  to  the  mean  values  M1  5,  M26,  M37,  and  M48.  The  sum  of  the  rating  values  C1  5,  C26, 
C37,  and  C48,  which  is  expressed  as 

55 

C6  =  C1  5  +  C26  +  C37  +  C48  (62) 
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is  taken  as  the  characteristic  value  C6.  The  characteristic  value  C6  will  fall  within  the  range  of  a  minimum  value  0.0  to 
a  maximum  value  4.0. 
[0382]  The  characteristic  value  C6  is  then  compared  with  a  predetermined  threshold  value  Th7.  From  whether 
C6STh7  or  C6<Th7,  the  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall 

5  within  the  region  corresponding  to  the  tumor  image. 
[0383]  In  cases  where  the  rating  values  C15,  C26,  C37,  and  C48  are  calculated  from  an  equation  such  as  the  one 
represented  by  the  single-dot  chained  line  in  Figure  26,  wherein  saturation  is  reached  at  a  small  mean  value,  e.g.  M2', 
the  characteristic  value  C6  calculated  from  Formula  (62)  will  take  a  larger  value  in  cases  where  the  shape  of  the  tumor 
image  is  closer  to  a  circle.  In  cases  where  the  rating  values  C1  5,  C26,  C37,  and  C48  are  calculated  from  an  equation 

10  such  as  the  one  represented  by  the  double-dot  chained  line  in  Figure  26,  wherein  saturation  is  reached  at  a  large  mean 
value,  e.g.  M2",  the  characteristic  value  C6  calculated  from  Formula  (62)  will  take  a  larger  value  in  cases  where  the 
contrast  of  the  tumor  image  with  respect  to  the  surrounding  image  regions  is  higher.  Therefore,  an  appropriate  equation 
for  transforming  the  mean  values  into  the  rating  values  can  be  selected  in  accordance  with  the  characteristics  of  the 
tumor  image  which  is  to  be  found. 

is  [0384]  The  process  of  making  the  judgment  from  the  mean  values  M15,  M26,  M37,  and  M48  is  not  limited  to  using 
the  characteristic  value  C6  and  may  be  carried  out  in  various  other  manners.  For  example,  the  mean  values  M1  5,  M26, 
M37,  and  M48  may  be  compared  with  a  threshold  value  Th8.  In  cases  where  all  of  the  mean  values  M15,  M26,  M37, 
and  M48  are  larger  than  the  threshold  value  Th8,  it  may  be  judged  that  the  predetermined  picture  element  P0  falls 
within  the  region  corresponding  to  the  tumor  image.  Alternatively,  in  cases  where  at  least  three  of  the  mean  values 

20  M15,  M26,  M37,  and  M48  are  larger  than  the  threshold  value  Th8,  it  may  be  judged  that  the  predetermined  picture 
element  P0  falls  within  the  region  corresponding  to  the  tumor  image.  As  another  alternative,  the  sum, 
M=M15+M26+M37+M48,  of  the  mean  values  M15,  M26,  M37,  and  M48  may  be  calculated  and  compared  with  a  thresh- 
old  value  Th9.  In  cases  where  MSTh9,  it  may  be  judged  that  the  predetermined  picture  element  P0  falls  within  the 
region  corresponding  to  the  tumor  image. 

25  [0385]  The  algorithms  employed  in  the  filter  for  finding  a  tumor  image  are  not  limited  to  those  described  above.  A 
filter  utilizing  different  algorithms  (which  is  employed  in  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention)  will  be  described  hereinbelow.  (Such  a  filter  is  proposed  in  Japanese  Patent  Application 
No.  1(1989)-1  62905.) 
[0386]  Specifically,  calculations  are  made  to  find  the  gradients  Vfij  of  the  soft  tissue  image  signal  components  fij 

30  representing  the  picture  elements  Pij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  which  are  shown  in  Figure  5. 
[0387]  Figure  8  shows  the  gradient  of  a  soft  tissue  image  signal  component  fij.  How  it  is  calculated  is  described  below. 
[0388]  After  the  gradients  Vfij  have  been  calculated,  the  magnitudes  of  the  gradients  Vfij  are  made  equal  to  1.0. 
Specifically,  the  normalized  gradients  Vfij/IVfijl  can  be  calculated  by  dividing  the  gradients  Vfij  by  their  magnitudes  IVfijl. 
[0389]  Thereafter,  the  projections  of  the  normalized  gradients  Vfij/IVfijl  onto  the  vectors  directed  from  the  picture 

35  elements  Pij  to  the  predetermined  picture  element  P0  are  calculated.  The  projections  are  expressed  as  Vfij/IVfijl*ei, 
where  i  denotes  the  unit  vectors  directed  from  the  picture  elements  Pij  to  the  predetermined  picture  element  P0,  and 
*  denotes  the  inner  product. 
[0390]  As  for  the  sign  of  the  projections,  the  direction  heading  towards  the  predetermined  picture  element  P0  is  taken 
as  positive,  and  the  direction  heading  away  from  the  predetermined  picture  element  P0  is  taken  as  negative.  For  each 

40  of  the  lines  Li,  where  i=1  ,2,  8,  the  maximum  value  of  the  projections  is  found.  The  maximum  value  is  expressed  as 

{Vfij/IVfijl*ei}m 

45  (i  =  1,2,...,8) 
In  this  embodiment  of  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  the 
maximum  value  is  employed  as  the  representative  value,  which  is  representative  of  the  value  of  the  projections,  for 
each  of  the  lines  Li. 
[0391]  Thereafter,  the  sum  of  the  maximum  values  which  were  found  for  each  of  the  respective  lines  Li  is  calculated. 

so  This  sum  is  expressed  as 

h  { V f i j / | V f i j | * e i } m  
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The  mean  value  of  the  maximum  values  can  be  obtained  by  dividing  the  sum  by  the  number  of  lines  Li  (eight  in  this 
example).  The  sum  is  equal  to  the  product  of  the  mean  value  and  a  fixed  number  and  can,  therefore,  be  regarded  as 
being  equivalent  to  the  mean  value.  In  this  embodiment  of  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention,  the  sum  is  employed  as  the  mean-level  value  of  the  representative  values. 

5  [0392]  The  sum  expressed  as 

2  {Vf  i j / | V f   i  j | * e i } m  
1  i 

is  taken  as  a  characteristic  value  C7.  The  characteristic  value  C7  is  then  compared  with  a  predetermined  threshold 
value  Th  10.  From  whether  C7STh10  or  C7<Th  10,  a  judgment  is  made  as  to  whether  the  predetermined  picture  element 
P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image. 

is  [0393]  With  the  filter  described  above,  the  gradients  Vfij  are  normalized,  and  only  the  projections  thereof  (i.e.  the 
extent  of  differences  in  the  value  of  the  signal  components  in  the  directions  of  the  lines  Li)  onto  vectors  directed  from 
the  picture  elements  Pij  to  the  predetermined  picture  element  P0  are  taken  into  consideration.  Therefore,  a  character- 
istic  value  C7  is  obtained,  which  will  be  large  for  a  tumor  image  having  a  circular  shape  and  which  does  not  depend 
on  the  contrast  of  the  tumor  image  with  respect  to  the  image  regions  around  the  tumor  image.  Accordingly,  the  tumor 

20  image  can  be  detected  accurately. 
[0394]  As  can  be  understood  from  Figure  25,  for  the  line  L1  ,  the  projections  Vfij/IVfijl*ei,  where  j=1  ,  2,  3,  are  negative, 
and  therefore  the  maximum  value  {Vfij/IVfijl*ei}m  of  the  projections  is  negative.  Therefore,  the  maximum  value  thus 
found  is  not  effective  for  the  sixth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention. 
Accordingly,  for  the  line  L1,  instead  of  the  maximum  value  being  employed,  a  value  of  0.0  may  be  assigned  to  the 

25  representative  value. 
[0395]  In  the  aforesaid  embodiments  of  the  fourth  and  sixth  abnormal  pattern  detecting  apparatuses  in  accordance 
with  the  present  invention,  as  shown  in  Figure  5,  the  soft  tissue  image  signal  components  fij  representing  the  picture 
elements  Pij  located  on  eight  lines,  L1  through  L8,  are  employed.  However,  the  number  of  lines  Li  is  not  limited  to  eight, 
but  may,  for  example,  be  1  6.  Also,  the  distances  from  the  predetermined  picture  element  P0  are  not  limited  to  the  three 

30  distances  (r1  ,  r2,  and  r3).  In  cases  where  the  sizes  of  the  tumor  images,  which  are  to  be  detected,  are  approximately 
the  same,  only  a  single  distance  need  be  employed  (as  in  the  fifth  abnormal  pattern  detecting  apparatus  in  accordance 
with  the  present  invention).  (In  such  cases,  the  operations  for  finding  the  representative  values  are  unnecessary.)  Also, 
in  order  for  tumor  images  having  various  sizes  to  be  detected  more  accurately,  operations  may  be  carried  out  for  a 
plurality  of  distances  whose  lengths  vary  approximately  continuously  between  the  length  of  the  distance  r1  and  the 

35  length  of  the  distance  r3. 
[0396]  A  filter  utilizing  different  algorithms  (which  is  employed  in  the  seventh  abnormal  pattern  detecting  apparatus 
in  accordance  with  the  present  invention)  will  be  described  hereinbelow.  (Such  a  filter  is  proposed  in  Japanese  Patent 
Application  No.  1(1989)-1  62909.) 
[0397]  Figure  27  is  a  diagram  having  a  predetermined  picture  element  P0  from  a  soft  tissue  image  in  the  middle, 

40  which  diagram  serves  as  an  aid  in  explaining  how  the  algorithms  work. 
[0398]  As  shown  in  Figure  27,  a  plurality  of  (in  this  case,  eight)  imaginary  lines  Li,  where  i=1,  2,  8,  extend  from 
the  predetermined  picture  element  P0  in  the  soft  tissue  image  to  the  peripheral  parts  of  the  soft  tissue  image.  Also,  an 
imaginary  circle  R  having  a  radius  r  extends  around  the  predetermined  picture  element  P0.  Thereafter,  the  area  of  a 
center  region  Q0  which  includes  the  predetermined  picture  element  P0  is  selected.  Also,  the  areas  of  peripheral  regions 

45  Qi  are  selected  which  peripheral  regions  respectively  include  picture  elements  Pi  (i=1  ,  2,  8)  located  at  the  intersec- 
tions  of  the  lines  Li  (i=1,  2,  8)  and  the  circle  R.  The  radius  r,  the  area  of  the  center  region  Q0,  and  the  areas  and 
number  of  the  peripheral  regions  Qi  are  selected  appropriately  in  accordance  with  the  size  of  the  tumor  image  which 
is  to  be  detected,  the  level  of  accuracy  required  of  the  judgment,  the  speed  with  which  the  operations  must  be  carried 
out,  or  the  like.  In  the  embodiment  of  Figure  27,  picture  elements  Pi  are  employed  which  are  located  at  equal  distances 

so  r  from  the  predetermined  picture  element  P0.  Alternatively,  the  distances  of  the  picture  elements  Pi  from  the  predeter- 
mined  picture  element  P0  may  vary.  For  example,  in  cases  where  a  tumor  image  is  to  be  detected  which  has  a  long 
axis  extending  along  the  X  direction  in  Figure  27,  picture  elements,  which  are  more  remote  from  the  predetermined 
picture  element  P0  than  the  picture  elements  P1  and  P5,  may  be  employed  in  lieu  of  the  picture  elements  P1  and  P5. 
[0399]  Thereafter,  a  calculation  is  made  to  find  a  mean-level  value  Q0  of  the  values  of  soft  tissue  image  signal 

55  components  representing  a  plurality  of  picture  elements,  which  are  located  in  the  center  region  Q0.  Also,  calculations 
are  made  to  find  mean-level  values  Qi,  where  i=1  ,  2,  8,  each  representing  the  mean  level  of  the  values  of  soft  tissue 
image  signal  components  representing  a  plurality  of  picture  elements  located  in  each  of  the  peripheral  regions  Qi.  As 
an  aid  in  facilitating  the  explanation,  Q0  represents  both  the  center  region  and  the  mean-level  value  of  the  values  of 
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soft  tissue  image  signal  components  representing  the  picture  elements,  which  are  located  in  the  center  region.  Also, 
Qi,  where  i=1  ,  2,  8,  represents  both  the  peripheral  regions  and  the  mean-level  values  representing  the  mean  level 
of  the  values  of  the  soft  tissue  image  signal  components  representing  the  picture  elements,  which  are  located  in  each 
of  the  peripheral  regions. 

5  [0400]  Thereafter,  differences  hi,  where  i=1  ,  2,  8,  between  the  mean-level  value  Q0  corresponding  to  the  center 
region  and  the  respective  mean-level  values  Qi  corresponding  to  the  peripheral  regions  are  calculated  from  the  formula 

Ai=Qi-Q0 
10 

[0401]  A  first  characteristic  value,  which  is  representative  of  the  differences  hi,  where  i=1,  2,  8,  is  then  found. 
Also,  a  second  characteristic  value,  which  represents  the  amount  of  dispersion  in  the  differences  hi,  where  i=1  ,  2, 
8,  is  found.  In  this  embodiment,  the  mean  value  of  the  differences  hi  is  calculated  from  the  formula 

15  
^ 

A  =  S  A i  
8  i=1 

20  and  employed  as  the  first  characteristic  value.  Also,  the  variance  of  the  differences  Ai  is  calculated  with  the  formula 

02  =  2  (Ai  -  A ) 2  
25  q  i  =  l  

and  employed  as  the  second  characteristic  value. 
[0402]  The  ratio  C8  of  the  mean  value  A  to  the  variance  o2  is  then  calculated  with  the  formula 

30 

C8  =  \   (63) 
o 

35  Thereafter,  the  ratio  C8  is  compared  with  a  predetermined  threshold  value  Thll.  In  cases  where  C8STh11,  because 
the  mean  value  A  is  comparatively  large  and  the  variance  o2  is  comparatively  small,  it  is  judged  that  the  predetermined 
picture  element  P0  falls  within  the  region  corresponding  to  the  tumor  image.  In  cases  where  C8<Th11  ,  it  is  judged  that 
the  predetermined  picture  element  P0  is  located  in  the  area  outside  of  the  tumor  image. 
[0403]  A  further  example  of  the  spatial-domain  filter  (which  is  employed  in  the  eighth  abnormal  pattern  detecting 

40  apparatus  in  accordance  with  the  present  invention)  will  be  described  hereinbelow  with  reference  to  Figure  5. 
[0404]  As  shown  in  Figure  5,  a  plurality  of  (in  this  case,  eight)  imaginary  lines  Li,  where  i=1  ,  2,  8,  extend  from  the 
predetermined  picture  element  P0  in  the  soft  tissue  image  to  the  peripheral  parts  of  the  soft  tissue  image.  Also,  three 
imaginary  circles  Rj,  where  j=1  ,  2,  3,  which  have  radii  rl,  r2,  and  r3,  extend  around  the  predetermined  picture  element 
P0.  Thereafter,  the  area  of  a  center  region  Q0  including  the  predetermined  picture  element  P0  is  selected.  Also,  the 

45  areas  of  peripheral  regions  Qij,  where  i=1,  2,  8  and  j=1,  2,  3,  are  selected  for  each  of  the  lines  Li.  Each  of  the 
peripheral  regions  Qij  includes  one  of  a  plurality  of  picture  elements  Pij,  which  are  located  at  the  intersections  of  each 
of  the  lines  Li  and  the  circles  Rj.  (In  Figure  5,  P11  ,  P12,  and  P1  3  denote  the  picture  elements  located  at  the  intersections 
of  a  line  L1  and  circles  R1  ,  R2,  and  R3.  Also,  P51  ,  P52,  and  P53  denote  the  picture  elements  located  at  the  intersections 
of  a  line  L5  and  the  circles  R1  ,  R2,  and  R3.  Further,  Q1  1  ,  Q1  2,  Q1  3,  Q51  ,  Q52,  and  Q53  denote  the  peripheral  regions 

50  which  respectively  include  the  picture  elements  P11,  P12,  P13,  P51,  P52,  and  P53.) 
[0405]  Thereafter,  a  calculation  is  made  to  find  a  mean-level  value  Q0  of  the  values  of  soft  tissue  image  signal 
components  representing  a  plurality  of  picture  elements,  which  are  located  in  the  center  region  Q0.  Also,  calculations 
are  made  to  find  mean-level  values  Qij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  each  representing  the  mean  level  of  the  values 
of  soft  tissue  image  signal  components  representing  a  plurality  of  picture  elements  located  in  each  of  the  peripheral 

55  regions  Qij,  where  i=1,  2,  8  and  j=1,  2,  3.  As  an  aid  in  facilitating  the  explanation,  Q0  represents  both  the  center 
region  and  the  mean-level  value  of  the  values  of  soft  tissue  image  signal  components  representing  the  picture  elements, 
which  are  located  in  the  center  region.  Also,  Qij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  represents  both  the  peripheral  regions 
and  the  mean-level  values  representing  the  mean  level  of  the  values  of  the  soft  tissue  image  signal  components  rep- 
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resenting  the  picture  elements,  which  are  located  in  each  of  the  peripheral  regions. 
[0406]  Thereafter,  differences  Aij,  where  i=1  ,  2,  8  and  j=1  ,  2,  3,  between  the  mean-level  value  Q0  corresponding 
to  the  center  region  and  the  respective  mean-level  values  Qij  corresponding  to  the  peripheral  regions  are  calculated 
from  the  formula 

5 

Aij  =  Qij  -  Q0  (64) 

For  each  of  the  lines  Li,  the  maximum  value  Ai  of  the  differences  Aij  is  then  found.  In  this  embodiment  of  the  eighth 
10  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  the  maximum  value  Ai  thus  found  is 

employed  as  the  representative  value. 
[0407]  A  first  characteristic  value  U  is  then  found,  which  is  representative  of  the  maximum  values  Ai,  where  i=1  ,  2, 
8,  which  have  been  found  for  the  plurality  of  the  lines  Li.  Also,  a  second  characteristic  value  V  is  found,  which  represents 
the  amount  of  dispersion  in  the  maximum  values  Ai,  where  i=1,  2,  8.  For  this  purpose,  first,  characteristic  values 

15  U1  ,  U2,  U3,  and  U4,  and  characteristic  values  V1  ,  V2,  V3,  and  V4  are  calculated  from  the  formulas 

U1  =  (A1  +  A2  +  A5  +  A6)/4  (65) 

20 
U2  =  (A2  +  A3  +  A6  +  A7)/4  (66) 

U3  =  (A3  +  A4  +  A7  +  A8)/4  (67) 
25 

U4  =  (A4  +  A5  +  A8  +  A1  )/4  (68) 

30  V1  =  U1/U3  (69) 

V2  =  U2/U4  (70) 

35 V3=U3/U1  (71) 

V4  =  U4/U2  (72) 
40 

[0408]  By  way  of  example,  the  process  for  calculating  the  characteristic  value  U1  from  Formula  (65)  has  the  effects 
described  below.  Specifically,  the  addition  of  the  maximum  values  corresponding  to  two  adjacent  groups  of  peripheral 
regions,  which  are  located  on  the  same  side  with  respect  to  the  predetermined  picture  element  P0,  (i.e.  the  addition 
of  A1  and  A2,  or  the  addition  of  A5  and  A6)  corresponds  to  a  smoothing  process.  Also,  the  maximum  values  corre- 

45  sponding  to  peripheral  regions,  which  are  located  on  opposite  sides  with  respect  to  the  predetermined  picture  element 
P0,  are  added  together  (in  the  case  of  Formula  (65),  the  sum  of  A1  and  A2  and  the  sum  of  A5  and  A6  are  added 
together).  Such  an  addition  is  carried  out  in  order  that  a  tumor  image  can  be  detected  even  when  it  is  present  in  a 
region  where  the  image  density  changes  sharply. 
[0409]  As  for  the  calculation  of  the  characteristic  value  V1  from  Formula  (69),  the  characteristic  values  U1  and  U3 

50  represent  characteristics  of  the  image  in  directions  which  are  perpendicular  to  each  other.  Therefore,  in  cases  where 
the  shape  of  the  tumor  image  is  circular  in  Figure  25,  V1  will  be  approximately  equal  to  1.0.  In  cases  where  the  pre- 
determined  picture  element  P0  is  present  in  a  linear  image,  V1  will  not  be  equal  to  1.0. 
[0410]  As  the  first  characteristic  value  U,  which  is  representative  of  the  maximum  values  Ai,  where  i=1  ,  2,  8,  of 
the  aforesaid  differences,  the  maximum  value  of  the  characteristic  values  U1  ,  U2,  U3,  and  U4,  i.e. 

55 

U  =  MAX(U1,U2,U3,U4)  (73) 
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is  employed.  Also,  as  the  second  characteristic  value  V,  which  represents  the  amount  of  dispersion  in  the  maximum 
values  Ai,  where  i=1  ,  2,  8,  of  the  aforesaid  differences,  the  maximum  value  of  the  characteristic  values  V1  ,  V2,  V3, 
and  V4,  i.e. 

V  =  MAX  (V1  ,V2,V3,V4)  (74) 

is  employed.  After  the  first  characteristic  value  U  and  the  second  characteristic  value  V  have  been  found  in  the  manner 
described  above,  a  characteristic  value  C9  is  calculated  and  then  used  during  the  judgment  as  to  whether  a  predeter- 

10  mined  picture  element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image.  As  the  characteristic 
value  C9,  the  ratio  of  the  first  characteristic  value  U  to  the  second  characteristic  value  Vis  employed,  which  is  expressed 
as 

The  characteristic  value  C9  is  then  compared  with  a  predetermined  threshold  value  Th12.  From  whether  C9STh12  or 
C9<Th12,  the  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the 
region  corresponding  to  the  tumor  image. 

20  [0411]  In  this  example  of  the  filter,  as  shown  in  Figure  5,  eight  imaginary  lines,  L1  through  L8,  extend  around  a 
predetermined  picture  element  P0  in  a  soft  tissue  image.  However,  the  number  of  lines  Li  is  not  limited  to  eight,  but 
may,  for  example,  be  16.  This  also  applies  to  the  embodiment  of  the  seventh  abnormal  pattern  detecting  apparatus  in 
accordance  with  the  present  invention,  which  has  been  described  above  with  reference  to  Figure  27.  Also,  in  the 
embodiment  of  the  eighth  abnormal  pattern  detecting  apparatus  in  accordance  with  the  present  invention,  which  has 

25  been  described  above  with  reference  to  Figure  5,  the  distances  from  the  predetermined  picture  element  P0  are  not 
limited  to  the  three  distances  (r1  ,  r2,  and  r3).  For  example,  in  order  for  tumor  images  having  various  sizes  to  be  detected 
more  accurately,  operations  may  be  carried  out  for  a  plurality  of  distances  whose  lengths  vary  approximately  continu- 
ously  between  the  length  of  the  distance  r1  and  the  length  of  the  distance  r3. 
[0412]  By  processing  the  soft  tissue  image  signal  with  the  spatial-domain  filter  described  above,  tumor  images  which 

so  appear,  typically,  as  circular  patterns  in  the  X-ray  image  of  the  chest  can  be  detected.  However,  it  will  often  occur  that 
regions  composed  of  many  linear  patterns,  such  as  blood  vessel  images,  are  also  found  as  tumor  images.  Therefore, 
in  this  embodiment,  judgments  are  made  in  the  manner  described  below  as  to  the  level  of  the  probability  that  the 
regions,  which  have  once  been  found  as  tumor  images,  will  be  true  tumor  images.  In  this  manner,  the  accuracy  with 
which  the  tumor  images  are  detected  is  kept  high. 

35 
Judgment  means 

[0413]  Figure  9A  is  a  diagram  showing  a  region  found  as  a  tumor  image,  which  region  corresponds  to  a  true  tumor 
image,  and  profiles  of  the  soft  tissue  image  in  the  region  along  the  x  and  y  directions.  Figure  9B  is  a  diagram  showing 

40  a  region  found  as  a  tumor  image,  which  region  is  composed  of  many  linear  patterns,  such  as  blood  vessel  images, 
and  profiles  of  the  soft  tissue  image  in  the  region  along  the  x  and  y  directions.  In  each  of  Figures  9A  and  9B,  the  region 
surrounded  by  the  broken  line  9,  i.e.  the  region  A,  is  the  one  which  has  been  found  as  a  tumor  image.  The  graphs 
show  the  profiles  of  the  soft  tissue  image  (i.e.  the  distributions  of  the  values  of  the  soft  tissue  image  signal  S1  )  in  the 
region  A  along  the  x  and  y  directions. 

45  [0414]  As  described  above,  by  utilizing  the  difference  in  image  profile,  a  judgment  is  made  as  to  whether  a  region 
once  found  as  a  tumor  image  corresponds  to  true  tumor  image  or  to  a  region  composed  of  many  linear  patterns. 
Specifically,  calculations  are  carried  out  with  Formulas  (19),  (20),  and  (21).  The  characteristic  value  C4  obtained  with 
Formula  (21)  is  then  compared  with  a  predetermined  threshold  value  Th4.  When  C4STh4,  it  is  judged  that  the  region 
once  found  as  a  tumor  image  has  a  high  probability  of  corresponding  to  a  true  tumor  image.  When  C4<Th4,  it  is  judged 

so  that  the  region  once  found  as  a  tumor  image  has  a  high  probability  of  being  a  region  composed  of  many  linear  patterns. 
[0415]  The  characteristic  value  C4  need  not  necessarily  be  calculated  with  Formula  (21),  but  may  be  calculated  with, 
for  example,  one  of  Formulas  (22)  and  (23).  Also,  in  the  example  described  above,  calculations  are  carried  out  to  find 
the  first-order  differences  f(m+1  ,n)-f  (m,n),  f(m,n+1  )-f(m,n)  between  the  values  of  image  signal  components  represent- 
ing  adjacent  picture  elements,  which  are  located  along  each  of  the  x  and  y  directions  in  the  region  A.  Alternatively, 

55  calculations  may  be  made  to  find  differences  between  the  values  of  image  signal  components  representing  adjacent 
picture  elements,  which  are  located  in  the  region  A  along  oblique  directions,  which  are  not  perpendicular  to  the  x 
direction  nor  to  the  y  direction.  As  another  alternative,  instead  of  calculating  the  mean  value  from  the  square  values 
of  the  first-order  differences,  a  mean  value  may  be  calculated  from  the  absolute  values  of  the  first-order  differences. 

55 



EP  0  405  456  B1 

[0416]  In  the  computer  system  40  shown  in  Figure  23,  the  judgments  are  made  in  the  manner  described  above  as 
to  whether  the  regions,  which  have  once  been  found  as  tumor  images,  correspond  or  do  not  correspond  to  true  tumor 
images. 
[0417]  After  regions  having  a  high  probability  of  being  a  tumor  image  are  found,  a  visible  image  represented  by  the 

5  image  signal  is  reproduced  and  displayed  on  the  CRT  display  device  44  such  that  the  images  of  the  regions  can  be 
viewed  clearly.  Such  a  visible  image  can  serve  as  an  effective  tool  in,  particularly,  the  efficient  and  accurate  diagnosis 
of  an  illness. 
[0418]  In  the  aforesaid  embodiments  of  the  fourth  through  eighth  abnormal  pattern  detecting  apparatuses  in  accord- 
ance  with  the  present  invention,  from  an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on 

10  a  stimulable  phosphor  sheet,  a  tumor  image  is  detected  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray 
image.  However,  the  fourth  through  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with  the  present 
invention  are  not  limited  to  the  processing  of  X-ray  images  of  chests.  Also,  recording  media  other  than  stimulable 
phosphor  sheets  may  be  used.  The  fourth  through  eighth  abnormal  pattern  detecting  apparatuses  in  accordance  with 
the  present  invention  are  applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  an  object, 

is  abnormal  patterns  in  the  radiation  image  are  detected. 
[0419]  An  embodiment  of  the  image  finding  apparatus  in  accordance  with  the  present  invention  will  be  described 
hereinbelow.  In  this  embodiment,  an  X-ray  image  is  stored  on  a  stimulable  phosphor  sheet,  and  an  image  of  a  tumor, 
which  typically  has  an  approximately  spherical  shape  in  the  lungs  of  a  human  body,  is  detected  from  the  X-ray  image. 
In  a  visible  image  reproduced  from  the  image  signal  S1  ,  the  tumor  image  typically  appears  as  an  approximately  circular 

20  pattern  having  a  lower  density  than  the  areas  of  the  image  surrounding  the  tumor  image. 
[0420]  The  image  signal  S1  ,  which  represents  the  X-ray  image  of  the  chest,  is  obtained  from  the  A/D  converter  33 
shown  in  Figure  4  in  the  same  manner  as  that  described  above.  The  image  signal  S1  is  then  fed  into  the  computer 
system  40  shown  in  Figure  4.  The  computer  system  40  is  provided  with  an  embodiment  of  the  image  finding  apparatus 
in  accordance  with  the  present  invention. 

25  [0421]  From  the  image  signal  S1  fed  into  the  computer  system  40,  a  tumor  image  in  the  X-ray  image  is  found. 
[0422]  Figure  5  is  a  diagram  having  a  predetermined  picture  element  P0  from  an  X-ray  image  in  the  middle,  which 
diagram  serves  as  an  aid  in  explaining  how  a  spatial-domain  filter  works.  The  spatial-domain  filter  is  employed  in  a 
characteristic  measure  calculating  means  of  the  computer  system  40  in  order  to  find  characteristic  measures  whose 
values  vary  in  accordance  with  whether  predetermined  picture  elements  in  the  X-ray  image  fall  or  do  not  fall  within  the 

30  region  corresponding  to  a  tumor  image.  A  characteristic  measure  is  calculated  for  the  predetermined  picture  element 
P0.  The  information  about  the  characteristic  measure  is  fed  into  a  prospective  tumor  image  finding  means  and  used 
during  the  judgment  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corre- 
sponding  to  the  tumor  image.  The  tumor  image  in  the  X-ray  image  can  be  detected  by  processing  the  image  signal 
components  representing  the  picture  elements  of  the  X-ray  image  with  the  filter  illustrated  in  Figure  5. 

35  [0423]  In  the  same  manner  as  that  described  above  with  reference  to  Figures  5,  6,  and  7,  calculations  are  carried 
out  with  Formula  (3),  (4),  and  (5).  The  information  about  the  characteristic  value  (characteristic  measure)  C1  is  fed  into 
the  prospective  tumor  image  finding  means.  The  characteristic  measure  C1  is  then  compared  with  a  predetermined 
threshold  value  Th1  .  From  whether  C1STh1  or  C1<Th1  ,  the  judgment  is  made  as  to  whether  the  predetermined  picture 
element  P0  falls  or  does  not  fall  within  the  region  corresponding  to  the  tumor  image. 

40  [0424]  The  tumor  image  in  the  X-ray  image  can  be  found  by  processing  the  image  signal  components  representing 
the  picture  elements  of  the  X-rays  with  the  spatial-domain  filter  described  above,  i.e.  by  making  judgments  as  to  whether 
predetermined  picture  elements  in  the  X-ray  image  fall  or  do  not  fall  within  the  region  corresponding  to  the  tumor  image. 
During  the  processing  with  the  filter,  images  which  do  not  actually  correspond  to  tumor  images  will  also  be  found. 
Therefore,  the  patterns,  which  have  been  found  with  the  processing,  will  herein  be  referred  to  as  the  prospective  tumor 

45  images. 
[0425]  No  limitation  is  imposed  on  the  type  of  the  filter,  which  is  employed  in  the  characteristic  measure  calculating 
means.  For  example,  a  filter  described  above  with  reference  to  Figures  5  and  8  may  be  employed  wherein  the  gradients 
Vfij  of  the  image  signal  components  fij  representing  the  picture  elements  Pij,  where  i=1,  2,  8  and  j=1,  2,  3,  which 
are  shown  in  Figure  5,  are  calculated,  and  the  characteristic  value  (characteristic  measure)  C2  is  calculated.  The 

so  information  about  the  characteristic  measure  C2  is  fed  into  the  prospective  tumor  image  finding  means.  The  charac- 
teristic  measure  C2  is  then  compared  with  a  predetermined  threshold  value  Th2.  From  whether  C2STh2  or  C2<Th2, 
a  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region  corre- 
sponding  to  the  tumor  image. 
[0426]  As  another  alternative,  the  filter,  which  has  been  described  above  with  reference  to  Figure  5  and  which  uses 

55  Formulas  (7)  through  (18),  may  be  employed  in  the  characteristic  measure  calculating  means.  The  information  about 
the  characteristic  value  (characteristic  measure)  C3  is  fed  into  the  prospective  tumor  image  finding  means.  The  char- 
acteristic  measure  C3  is  then  compared  with  a  predetermined  threshold  value  Th3.  From  whether  C3STh3  or  C3<Th3, 
the  judgment  is  made  as  to  whether  the  predetermined  picture  element  P0  falls  or  does  not  fall  within  the  region 
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corresponding  to  the  tumor  image. 
[0427]  As  described  above,  in  the  characteristic  measure  calculating  means  and  the  prospective  tumor  image  finding 
means  of  the  computer  system  40  shown  in  Figure  4,  the  image  signal  representing  the  X-ray  image  is  processed  with 
the  spatial-domain  filter,  and  a  circular  pattern,  which  is  considered  to  be  a  tumor  image,  is  detected. 

5  [0428]  Also,  the  characteristic  measure  calculating  means  of  the  image  finding  apparatus  in  accordance  with  the 
present  invention  may  employ  any  of  other  filters.  However,  it  is  desirable  that  all  of  the  prospective  tumor  images  can 
be  found  regardless  of  whether  noise  (for  example,  patterns  which  are  not  actually  the  tumor  images)  is  found  together 
with  them.  Therefore,  the  characteristic  measure  calculating  means  should  preferably  employ  a  filter  suitable  for  this 
purpose. 

10  [0429]  In  the  manner  described  above,  the  prospective  abnormal  pattern  finding  means  finds  prospective  tumor 
images.  However,  it  will  often  occur  that  regions  composed  of  many  linear  patterns,  such  as  blood  vessel  images,  are 
also  found  as  the  prospective  tumor  images.  In  order  for  this  problem  to  be  eliminated,  information  about  the  positions 
of  the  prospective  tumor  images  in  the  X-ray  image  is  fed  into  a  tumor  image  finding  means.  The  tumor  image  finding 
means  eliminates  such  regions  from  the  prospective  tumor  images. 

is  [0430]  Specifically,  in  the  same  manner  as  that  described  above  with  reference  to  Figures  9A  and  9B,  the  difference 
in  image  profile  is  utilized  during  the  elimination  of  regions,  which  are  composed  of  many  linear  patterns,  from  the 
prospective  tumor  images. 
[0431]  At  this  time,  a  difference  calculating  means,  which  is  provided  in  the  tumor  image  finding  means  of  the  com- 
puter  system  40,  calculates  first-order  differences  between  the  values  of  image  signal  components  representing  ad- 

20  jacent  picture  elements,  which  are  located  along  each  of  the  x  and  y  directions  in  the  region  A.  Thereafter,  a  mean 
operation  means,  which  is  provided  in  the  tumor  image  finding  means  of  the  computer  system  40,  calculates  a  mean 
value  from  the  square  values  of  the  first-order  differences  with  Formulas  (19)  and  (20). 
[0432]  Thereafter,  a  judgment  means,  which  is  provided  in  the  tumor  image  finding  means  of  the  computer  system 
40,  calculates  a  characteristic  value  C4  which  is  used  during  the  judgment  as  to  whether  a  region  is  or  is  not  to  be 

25  eliminated  from  the  prospective  tumor  images.  The  calculation  is  carried  out  with  Formula  (21  ).  The  characteristic  value 
C4  is  then  compared  with  a  predetermined  threshold  value  Th4.  When  C4STh4,  the  region  is  not  eliminated  from  the 
prospective  tumor  images.  When  C4<Th4,  the  region  is  eliminated  from  the  prospective  tumor  images. 
[0433]  The  characteristic  value  C4  need  not  necessarily  be  calculated  with  Formula  (21  ),  but  may  be  calculated  with, 
for  example,  one  of  Formulas  (22)  and  (23).  Also,  in  the  example  described  above,  calculations  are  carried  out  to  find 

30  the  first-order  differences  f(m+1  ,n)-f  (m,n),  f(m,n+1  )-f(m,n)  between  the  values  of  image  signal  components  represent- 
ing  adjacent  picture  elements,  which  are  located  along  each  of  the  x  and  y  directions  in  the  region  A.  Alternatively, 
calculations  may  be  made  to  find  differences  between  the  values  of  image  signal  components  representing  adjacent 
picture  elements,  which  are  located  in  the  region  A  along  oblique  directions,  which  are  not  perpendicular  to  the  x 
direction  nor  to  the  y  direction. 

35  [0434]  Also,  in  the  aforesaid  embodiment  of  the  image  finding  apparatus,  calculations  of  the  mean  values  Zx  and  Zy 
from  the  square  values  of  the  first  -order  differences  need  not  necessarily  be  carried  out  for  the  image  signal  components 
corresponding  to  the  whole  region  A,  but  may  be  carried  out  for,  for  example,  only  the  image  signal  components  cor- 
responding  to  the  picture  elements,  which  are  located  along  a  single  line  extending  along  the  x  direction  and  along  a 
single  line  extending  along  the  y  direction  in  the  region  A  shown  in  Figure  9A  or  Figure  9B.  As  another  alternative, 

40  instead  of  calculating  the  mean  value  from  the  square  values  of  the  first-order  differences,  a  mean  value  may  be 
calculated  from  the  absolute  values  of  the  first-order  differences. 
[0435]  In  the  computer  system  40  shown  in  Figure  4,  in  the  manner  described  above,  prospective  tumor  images  are 
found  by  processing  the  image  signal  S1  with  the  spatial-domain  filter  and  making  judgments  with  one  of  the  charac- 
teristic  measures  C1  ,  C2,  and  C3.  From  the  level  of  the  characteristic  value  C4  calculated  with  Formula  (21  ),  judgments 

45  are  made  as  to  whether  the  prospective  tumor  images  are  or  are  not  true  tumor  images.  Accordingly,  tumor  images 
can  be  detected  accurately. 
[0436]  In  the  aforesaid  embodiment  of  the  image  finding  apparatus  in  accordance  with  the  present  invention,  from 
an  X-ray  image  of  the  chest  of  a  human  body,  which  image  has  been  stored  on  a  stimulable  phosphor  sheet,  a  tumor 
image  is  detected  which  appears,  typically,  as  a  circular  pattern  on  the  X-ray  image.  However,  the  image  finding  ap- 

50  paratus  in  accordance  with  the  present  invention  is  not  limited  to  the  processing  of  X-ray  images  of  chests.  Also, 
recording  media  other  than  stimulable  phosphor  sheets  may  be  used.  The  image  finding  apparatus  in  accordance  with 
the  present  invention  is  applicable  widely  when,  from  an  image  signal  representing  a  radiation  image  of  a  human  body, 
tumor  images  in  the  radiation  image  are  detected. 
[0437]  An  embodiment  of  the  image  display  apparatus  in  accordance  with  the  present  invention  will  be  described 

55  hereinbelow. 
[0438]  Figure  29  is  a  perspective  view  showing  an  image  read-out  apparatus,  which  is  used  to  read  out  an  image 
from  a  stimulable  phosphor  sheet,  as  an  example  of  an  apparatus  for  obtaining  an  image  signal  representing  a  sta- 
tionary  image.  In  Figure  29,  similar  elements  are  numbered  with  the  same  reference  numerals  with  respect  to  Figure  4. 
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[0439]  An  analog  output  signal  SO  is  generated  by  the  photomultiplier  31  and  logarithmically  amplified  by  the  loga- 
rithmic  amplifier  32.  The  amplified  signal  is  then  digitized  by  the  A/D  converter  33  into  an  image  signal  S.  The  image 
signal  S  is  stored  on  an  optical  disk  134. 
[0440]  Figure  30  is  a  perspective  view  showing  an  embodiment  of  the  image  display  apparatus  in  accordance  with 

5  the  present  invention. 
[0441]  With  reference  to  Figure  30,  the  image  display  apparatus  comprises  a  first  image  display  apparatus  140  and 
a  second  image  display  apparatus  1  50.  A  communication  line  1  61  connects  the  first  image  display  apparatus  1  40  and 
the  second  image  display  apparatus  150. 
[0442]  The  first  image  display  apparatus  1  40  comprises  an  optical  disk  drive  unit  1  41  for  driving  the  optical  disk  1  34 

10  shown  in  Figure  29,  The  optical  disk  134  stores  a  plurality  of  image  signals  S,  which  represent  a  plurality  of  radiation 
images  and  which  are  obtained  from  the  image  read-out  apparatus  shown  in  Figure  29.  The  first  image  display  appa- 
ratus  140  also  comprises  a  main  body  142  in  which  a  CPU  and  an  internal  memory  are  incorporated,  a  floppy  disk 
drive  unit  143  which  operates  a  floppy  disk  serving  as  a  subsidiary  memory,  and  a  CRT  display  device  144  which 
displays  an  image  composed  of  a  radiation  image  (stationary  image)  represented  by  an  image  signal  S  and  other 

is  images,  such  as  images  of  arrow  marks  or  characters,  superposed  upon  the  stationary  image.  The  first  image  display 
apparatus  140  further  comprises  a  keyboard  145  from  which  various  instructions  or  information  are  fed  into  the  first 
image  display  apparatus  140.  Such  instructions  include  an  image  control  signal  which  is  designated  by  an  operator 
when  images  of  arrow  marks,  characters,  or  the  like  are  to  be  superposed  upon  the  stationary  image  represented  by 
the  image  signal  S  or  when  part  of  the  image  is  to  be  enlarged.  The  first  image  display  apparatus  1  40  is  also  provided 

20  with  a  mouse  146  which  is  used  when  an  image  control  signal  for  changing  the  position  of  a  displayed  arrow  mark 
image  is  to  be  designated.  The  components  of  the  first  image  display  apparatus  140  other  than  the  optical  disk  drive 
unit  141  are  placed  on  a  table  147. 
[0443]  The  second  image  display  apparatus  150  is  constituted  in  the  same  manner  as  the  first  image  display  appa- 
ratus  1  40,  except  that  the  optical  disk  drive  unit  141  and  the  mouse  1  46  are  not  provided.  The  second  image  display 

25  apparatus  150  comprises  a  main  body  152,  a  floppy  disk  drive  unit  153,  a  CRT  display  device  154,  and  a  keyboard 
155,  which  are  placed  on  a  table  157. 
[0444]  The  keyboard  145  and  the  mouse  146  of  the  first  image  display  apparatus  140  constitute  an  example  of  the 
input  means  of  the  image  display  apparatus  in  accordance  with  the  present  invention.  The  CRT  display  device  144  of 
the  first  image  display  apparatus  140  constitutes  an  example  of  the  first  display  means  of  the  image  display  apparatus 

30  in  accordance  with  the  present  invention.  The  CRT  display  device  154  of  the  second  image  display  apparatus  150 
constitutes  an  example  of  the  second  display  means  of  the  image  display  apparatus  in  accordance  with  the  present 
invention. 
[0445]  In  this  embodiment,  after  an  optical  disk  is  set  in  the  optical  disk  drive  unit  141  ,  the  keyboard  145  is  operated 
and  an  image  signal  S  representing  a  radiation  image  is  stored  in  a  frame  memory  of  the  main  body  142.  The  image 

35  signal  S  is  then  read  from  the  frame  memory  and  fed  into  the  CRT  display  device  1  44,  and  a  visible  image  represented 
by  the  image  signal  S  is  reproduced  and  displayed  by  the  CRT  display  device  144.  Also,  the  image  signal  S,  which 
has  been  fed  from  the  optical  disk  into  the  main  body  1  42,  is  fed  through  an  interface,  which  is  incorporated  in  the  main 
body  1  42,  and  the  communication  line  1  61  into  the  second  image  display  apparatus  1  50.  In  the  second  image  display 
apparatus  1  50,  the  image  signal  S  is  stored  in  a  frame  memory  of  the  main  body  1  52.  The  image  signal  S  is  then  read 

40  from  the  frame  memory  and  fed  into  the  CRT  display  device  1  54,  and  a  visible  image  represented  by  the  image  signal 
S  is  reproduced  and  displayed  by  the  CRT  display  device  154.  The  interface,  which  is  incorporated  in  the  first  image 
display  apparatus  1  40  and  which  is  connected  to  the  communication  line  161,  constitutes  an  example  of  the  transmis- 
sion  means  of  the  image  display  apparatus  in  accordance  with  the  present  invention.  Also,  the  interface,  which  is 
incorporated  in  the  second  image  display  apparatus  1  50  and  which  is  connected  to  the  communication  line  161,  con- 

45  stitutes  an  example  of  the  reception  means  of  the  image  display  apparatus  in  accordance  with  the  present  invention. 
[0446]  When  an  image  control  signal  C  representing  characters  is  fed  from  the  keyboard  1  45  of  the  first  image  display 
apparatus  140  into  the  main  body  142,  a  character  signal  corresponding  to  the  image  control  signal  C  is  superposed 
upon  the  image  signal  S,  which  has  been  read  from  the  frame  memory.  The  signal  comprising  the  character  signal  and 
the  image  signal  S  is  fed  into  the  CRT  display  device  144.  The  CRT  display  device  144  displays  an  image  composed 

so  of  an  image,  which  is  represented  by  the  image  signal  S,  and  a  character  image  superposed  upon  said  image. 
[0447]  In  the  same  manner,  when  an  image  control  signal  C  representing  an  arrow  mark  is  fed  from  the  the  keyboard 
1  45  of  the  first  image  display  apparatus  1  40,  an  arrow  mark  image  is  superposed  upon  the  visible  image  displayed  on 
the  CRT  display  device  144.  By  operating  the  mouse  146,  an  image  control  signal  C,  which  designates  movement  of 
the  arrow  mark  image,  can  be  fed  into  the  main  body  142.  The  arrow  mark  image  moves  in  the  image,  which  is  displayed 

55  on  the  CRT  display  device  144,  in  accordance  with  the  image  control  signal  C. 
[0448]  The  image  control  signals  C,  which  have  been  fed  from  the  keyboard  1  45  and  the  mouse  1  46,  are  sent  to  the 
second  image  display  apparatus  150.  In  the  main  body  152  of  the  second  image  display  apparatus  150,  the  character 
signal  and  the  arrow  mark  signal  are  superposed  upon  the  image  signal  S,  which  has  already  been  received  and  stored 
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in  the  frame  memory,  in  accordance  with  the  image  control  signals  C.  The  resulting  signal  is  fed  into  the  CRT  display 
device  1  54.  The  CRT  display  device  1  54  displays  an  image  composed  of  an  image,  which  is  represented  by  the  image 
signal  S,  and  the  character  and  arrow  mark  images  superposed  upon  said  image. 
[0449]  In  cases  where  a  region  of  interest  (ROI)  is  to  be  designated  and  an  enlarged  image  of  the  ROI  is  to  be 

5  displayed,  the  ROI  is  designated  by  the  mouse  146  and  the  keyboard  145  of  the  first  image  display  apparatus  140. 
Also,  an  enlargement  factor  is  designated.  As  a  result,  an  image  control  signal  C  representing  the  enlargement  factor 
is  fed  into  the  main  body  142.  In  the  main  body  142,  the  image  signal  components  of  the  image  signal  S  stored  in  the 
frame  memory,  which  correspond  to  the  ROI,  are  subjected  to  enlargement  processing.  An  enlarged  image  is  then 
displayed  on  the  CRT  display  device  1  44.  The  enlarged  image  can  be  scrolled  (i.e.  the  ROI  can  be  moved  in  the  original 

10  image)  by  operating  the  mouse  146. 
[0450]  The  image  control  signals  C,  which  have  been  fed  from  the  keyboard  1  45  and  the  mouse  1  46,  are  sent  to  the 
second  image  display  apparatus  150.  In  the  main  body  152  of  the  second  image  display  apparatus  150,  the  designation 
of  the  ROI  and  the  enlargement  processing  are  carried  out  on  the  image  signal  S,  which  has  already  been  received 
and  stored  in  the  frame  memory,  in  accordance  with  the  image  control  signals  C.  The  image  represented  by  the  resulting 

is  signal  is  displayed  on  the  CRT  display  device  154.  Thereafter,  the  displayed  image  is  scrolled  in  accordance  with  the 
information  about  movement  of  the  mouse.  The  combination  of  the  hardware,  such  as  the  CPU's,  and  the  software, 
which  are  incorporated  in  the  main  body  142  in  order  to  carry  out  alteration  of  the  image  signal  in  accordance  with  the 
image  control  signals  and  to  generate  altered  (e.g.  enlarged)  image  signals  in  the  first  image  display  apparatus  140, 
constitutes  an  example  of  the  first  control  means  in  the  image  display  apparatus  in  accordance  with  the  present  inven- 

20  tion.  Also,  the  combination  of  the  hardware,  such  as  the  CPU's,  and  the  software,  which  are  incorporated  in  the  main 
body  152  in  orderto  carry  out  alteration  of  the  image  signal  in  accordance  with  the  image  control  signals  and  to  generate 
altered  (e.g.  enlarged)  image  signals  in  the  second  image  display  apparatus  150,  constitutes  an  example  of  the  second 
control  means  in  the  image  display  apparatus  in  accordance  with  the  present  invention. 
[0451]  In  this  embodiment,  the  image  signal  representing  a  composite  image,  which  is  composed  of  an  image  rep- 

25  resented  by  the  image  signal  and  a  character  or  mark  image  superposed  upon  said  image  and  which  is  displayed  on 
the  CRT  144  of  the  first  image  display  apparatus  140,  or  an  enlarged  image,  which  is  displayed  on  the  CRT  144,  is 
not  directly  sent  to  the  second  image  display  apparatus  1  50.  An  image  signal  representing  a  radiation  image  (stationary 
image)  is  first  sent  to  the  second  image  display  apparatus  150.  Thereafter,  only  the  image  control  signal  is  sent  thereto. 
In  accordance  with  the  image  control  signal  fed  into  the  main  body  152  of  the  second  image  display  apparatus  150, 

30  operations  are  carried  out  to  generate  an  image  signal  representing  a  composite  image  comprising  a  stationary  image 
and  a  character  image,  or  the  like,  superposed  thereupon,  or  an  image  signal  representing  an  enlarged  image.  There- 
fore,  transmission  and  reception  of  signals  can  be  carried  out  efficiently. 
[0452]  In  the  image  display  apparatus  in  accordance  with  the  present  invention,  various  other  types  of  processing 
may  be  carried  out:  e.g.  image  enhancement  processing,  such  as  frequency  response  processing  or  gradation  process- 

es  ing;  image  modification  processing,  such  as  image  size  reduction  or  rotation;  and  operations  between  images,  such 
as  temporal  (time  difference)  subtraction  processing,  energy  subtraction  processing,  or  processing  of  arbitrary  tomo- 
graphic  layers.  Also,  a  plurality  of  images  are  often  used  in  a  medical  diagnosis.  For  example,  a  set  of  a  plurality  of 
images  of  an  object  are  recorded  at  the  same  time  and  used  during  a  diagnosis.  Alternatively,  a  plurality  of  images  of 
an  object  are  recorded  with  the  passage  of  time  and  used  during  a  diagnosis.  In  such  cases,  a  plurality  of  images  are 

40  selectively  displayed  on  a  plurality  of  CRT  display  devices  or  on  subdivisions,  into  which  a  single  image  screen  of  a 
CRT  display  device  is  divided.  The  aforesaid  processing  is  meant  to  embrace  the  processing  required  in  such  cases. 
[0453]  The  image  display  apparatus  in  accordance  with  the  present  invention  is  not  limited  to  the  display  of  a  radiation 
image,  but  may  be  used  to  display  ordinary  types  of  images. 
[0454]  Instead  of  the  optical  disk  drive  unit  141  being  used,  an  image  signal  may  be  fed  directly  from  the  image  read- 

45  out  apparatus  into  the  image  display  apparatus  in  accordance  with  the  present  invention. 
[0455]  Also,  both  the  first  image  display  section  and  the  second  image  display  section  should  preferably  be  provided 
with  the  transmission  means  and  the  reception  means. 

50  Claims 

55 

1  .  An  abnormal  pattern  detecting  apparatus  wherein  an  abnormal  pattern  in  a  radiation  image  of  an  object  is  detected 
from  an  image  signal  representing  the  radiation  image, 
the  abnormal  pattern  detecting  apparatus  comprising: 

a)  a  prospective  abnormal  pattern  finding  means  (1)  for  finding  the  prospective  abnormal  patterns  from  said 
image  signal,  applying  at  least  one  spatial-domain  filter; 
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b)  an  information  operating  means  (2)  for  finding  the  anatomical  information  about  said  object  from  said  image 
signal; 

c)  a  characteristic  measure  calculating  means  (3)  for  calculating  a  plurality  of  characteristic  measurers  for 
each  of  said  prospective  abnormal  patterns,  which  have  been  found  by  said  prospective  abnormal  pattern 
finding  means  (1); 

d)  an  abnormal  pattern  finding  means  (4),  utilizing  said  characteristic  measures  and  said  anatomical  informa- 
tion  to  find  the  true  abnormal  pattern  from  said  prospective  abnormal  pattern, 

characterized  in  that 

e)  said  prospective  abnormal  pattern  finding  means  (1)  is  provided  with  a  difference  calculating  means  for 
calculating  for  each  prospective  abnormal  pattern  a  plurality  of  differences  between  the  values  of  the  image 
signal  representing  adjacent  picture  elements  in  a  region  corresponding  to  said  prospective  abnormal  pattern, 
found  with  said  spatial  domain-filter,  said  picture  elements  being  located  along  each  of  two  different  directions 
in  said  radiation  image; 

f)  a  mean  calculating  means  for  calculating  a  mean-level  value  of  the  absolute  values  or  the  square  values  of 
the  plurality  of  said  differences  for  each  of  two  said  different  directions; 

g)  judgment  means  for  judging  from  said  mean-level  values,  whether  said  prospective  abnormal  pattern  found 
with  the  spatial  domain-filter  is  further  processed  with  the  characteristic  measure  calculating  means;  and 

h)  said  characteristic  measure  calculating  means  (3)  comprises  means  for  detecting  characteristic  measures 
calculated  with  the  image  signals  representing  the  vicinity  of  each  of  said  prospective  abnormal  patterns. 

An  abnormal  pattern  detecting  apparatus  as  defined  in  claim  1  wherein  said  abnormal  pattern  finding  means  is 
provided  with  a  neural  network,  which  receives  the  information  about  the  plurality  of  said  characteristic  measures 
and  which  outputs  a  measure  representing  the  level  of  the  probability  that  each  of  said  prospective  abnormal 
patterns  will  be  a  true  abnormal  pattern,  said  neural  network  comprises: 
several  layers  k  with  at  least  one  unit  i  per  layer;  each  unit  i  of  the  layer  k  is  connected  with  every  unit  j  of  the  layer 
k+1  with  a  weight  of  connection  Wk  k+1  so  that  the  input  Xk  of  the  unit  j  of  the  layer  k  is  expressed  with  the  outputs 
yk_1  of  all  units  i  of  the  layer  k-1  by 

xk  =  X  vyk-1  ;  y,k-1 

and  the  outputs  of  all  units  of  said  neural  network  are  determined  by  the  same  characteristic  function;  the  weights 
of  connections  are  determined  in  a  learning  function  means,  carrying  out  a  learning  operation  by  a  back  propagation 
method  comprising  the  steps: 

1  .  initial  values  of  the  weights  of  connections  Wk  k+1  are  given  by  random  numbers; 

2.  characteristic  measures  of  a  plurality  of  images,  for  which  the  presence  or  the  absence  and  the  position  of 
abnormal  patters  are  known,  are  fed  into  the  neural  network,  and  the  outputs  yk  of  all  units  are  monitored; 

3.  a  square  error  E  between  the  value  of  the  output  of  the  neural  network  and  an  instructor  signal,  with  d=1  in 
the  case  for  a  true  abnormal  pattern  and  d=0  else,  is  determined  for  said  plurality  of  images;  and 

4.  said  square  error  E,  which  is  a  function  of  the  weights  of  connection  Wk  k+1  ,  is  minimized  with  respect  to 
said  weights  of  connection,  applying  a  sufficient  small  learning  coefficient  r)  which  correlates  said  weights  of 
connection  by 
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wk  k+1  =  wk  k+1 a  e 
a  w k  k+1  ' 

i  i 

An  abnormal  pattern  detecting  apparatus  as  defined  in  Claim  1  wherein  the  abnormal  pattern  detecting  apparatus 
further  comprises: 

a  second  prospective  abnormal  pattern  finding  means  (53)  which  utilizes  the  plurality  of  said  characteristic 
measures,  in  order  to  find  the  prospective  abnormal  pattern  having  a  high  probability  of  being  a  true  abnormal 
pattern  ; 

a  display  means  (54)  which  utilizes  said  image  signal  and  the  information  representing  said  prospective  ab- 
normal  pattern,  which  has  a  high  probability  of  being  a  true  abnormal  pattern,  in  order  to  display  a  visible  image 
in  which  said  prospective  abnormal  pattern  is  shown  clearly;  and 

an  input  means  (55)  with  which  the  information  about  whether  the  prospective  abnormal  pattern  shown  in  said 
visible  image  is  or  is  not  a  true  abnormal  pattern  is  entered; 

wherein  said  second  prospective  abnormal  pattern  finding  means  (53)  is  provided  with  a  learning  function 
means,  with  which  the  operations  for  finding  a  prospective  abnormal  pattern  having  a  high  probability  of  being 
a  true  abnormal  pattern  from  said  prospective  abnormal  patterns  found  by  said  first  prospective  abnormal 
pattern  finding  means  are  changed  in  accordance  with  said  information  entered  with  said  input  means. 

An  abnormal  pattern  detecting  apparatus  as  claimed  in  claim  3,  wherein  said  second  prospective  abnormal  pattern 
finding  means  is  provided  with  a  neural  network, 
said  neural  network  comprises: 
several  layers  k  with  at  least  one  unit  i  per  layer;  each  unit  i  of  the  layer  k  is  connected  with  every  unit  j  of  the  layer 
k+1  with  a  weight  of  connection  Wk  k+1  so  that  the  input  Xk  of  the  unit  j  of  the  layer  k  is  expressed  with  the  outputs 
yk_1  of  all  units  i  of  the  layer  k-1  by 

Xk  =  £   Wk-1  k k-1 

and  the  outputs  of  all  units  of  said  neural  network  are  determined  by  the  same  characteristic  function; 
the  weights  of  connections  are  determined  in  a  learning  function  means,  carrying  out  a  learning  operation  by  a 
back  propagation  method  comprising  the  steps: 

1  .  initial  values  of  the  weights  of  connections  Wk  k+1  are  given  by  random  numbers; 

2.  characteristic  measures  of  a  plurality  of  images,  for  which  the  presence  or  the  absence  and  the  position  of 
abnormal  patters  are  known,  are  fed  into  the  neural  network,  and  the  outputs  yk  of  all  units  are  monitored; 

3.  a  square  error  E  between  the  value  of  the  output  of  the  neural  network  and  an  instructor  signal,  with  d=1  in 
the  case  for  a  true  abnormal  pattern  and  d=0  else,  is  determined  for  said  plurality  of  images;  and 

4.  said  square  error  E,  which  is  a  function  of  the  weights  of  connection  Vfi  k+1  ,  is  minimized  with  respect  to 
said  weights  of  connection,  applying  a  sufficient  small  learning  coefficient  r)  which  correlates  said  weights  of 
connection  by 

kk+1  _wkk+i  aE 
'  1  1  1  awkk+1' 

and 

5.  said  information  entered  with  said  input  means  is  utilized  as  an  instructure  signal  d  in  said  learning  function 
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means. 

5.  An  abnormal  pattern  detecting  apparatus  as  defined  in  one  of  the  claims  1  to  4,  wherein  the  plurality  of  said  char- 
acteristic  measures  include  at  least  one  of  the  area,  the  shape  and  the  contrast  of  each  of  said  prospective  abnormal 

5  patterns. 

6.  An  abnormal  pattern  detecting  apparatus  as  defined  in  claim  1,  wherein  the  prospective  abnormal  pattern  is  a 
tumor  image, 

10  wherein  the  characteristic  measures  for  a  plurality  of  picture  elements  in  said  radiation  image  are  calculated 
by  processing  said  image  signal  with  said  spatial-domain  filter,  which  yields  the  characteristic  measures  whose 
values  vary  in  accordance  with  whether  a  predetermined  picture  element  in  said  radiation  image  falls  or  does 
not  fall  within  the  region  corresponding  to  said  tumor  image; 

is  and  wherein  the  judgment  means  judges  from  said  mean-level  values,  which  have  been  calculated  for  two 
said  different  directions,  whether  said  prospective  tumor  image  is  or  is  not  a  true  tumor  image. 

7.  An  abnormal  pattern  detecting  apparatus  as  defined  in  one  of  the  previous  claims,  wherein  said  radiation  image 
has  been  stored  on  a  stimulable  phosphor  sheet. 

8.  An  abnormal  pattern  detecting  apparatus  as  defined  in  claim  7,  wherein  said  image  signal  is  obtained  from  a  read- 
out  operation  wherein  said  stimulable  phosphor  sheet  is  exposed  to  stimulating  rays,  which  cause  the  said  stim- 
ulable  phosphor  sheet  to  emit  light  in  proportion  to  the  amount  of  energy  stored  thereon  during  its  exposure  to 
radiation,  and  the  emitted  light  is  detected  photoelectrically. 

9.  An  abnormal  pattern  detecting  apparatus  as  defined  in  claim  8,  wherein  said  stimulating  rays  are  a  laser  beam. 

10.  An  abnormal  pattern  detecting  apparatus  as  defined  in  one  of  the  claims  1  to  6,  wherein  said  radiation  image  has 
been  recorded  on  photographic  film. 

Patentanspriiche 

1.  Gerat  zum  Ermitteln  abnormaler  Muster,  wobei  aus  einem  ein  Strahlungsbild  eines  Objekts  reprasentierenden 
35  Bildsignal  ein  abnormales  Muster  erfaBt  wird, 

wobei  das  Gerat  zum  Ermitteln  abnormaler  Muster  umfaBt: 

a)  eine  Einrichtung  zum  Auffinden  voraussichtlicher  abnormaler  Muster  (1  )  zum  Finden  der  voraussichtlichen 
abnormalen  Muster  aus  dem  Bildsignal  unter  Anwendung  zumindest  eines  Raumdomanen-Filters; 

40 
b)  eine  Informationsverarbeitungseinrichtung  (2)  zum  Finden  der  anatomischen  Information  iiber  das  Objekt 
aus  dem  Bildsignal; 

c)  eine  Berechnungseinrichtung  fur  charakteristische  MaBe  (3)  zur  Berechnung  mehrerer  charakteristischer 
45  MaBe  fur  jedes  der  voraussichtlichen  abnormalen  Muster,  die  von  der  Einrichtung  zum  Auffinden  voraussicht- 

licher  abnormaler  Muster  (1)  gefunden  worden  sind; 

d)  eine  Einrichtung  zum  Auffinden  abnormaler  Muster  (4),  die  die  charakteristischen  MaBe  und  die  anatomi- 
sche  Information  verwendet,  urn  aus  dem  voraussichtlichen  abnormalen  Muster  das  wirkliche  abnormale  Mu- 

so  ster  zu  finden, 

dadurch  gekennzeichnet,  dass 

e)  die  Einrichtung  zum  Auffinden  voraussichtlicher  abnormaler  Muster  (1)  mit  einer  Differenz-Berechnungs- 
55  einrichtung  versehen  ist,  die  gestattet,  fur  jedes  voraussichtliche  abnormale  Muster  mehrere  Differenzen  zwi- 

schen  Bildsignalwerten,  die  benachbarte  Bildelemente  in  einem  Bereich  reprasentieren,  der  dem  voraussicht- 
lichen  abnormalen  Muster  entspricht,  das  mit  dem  Raumdomanen-Filter  gefunden  wurde,  wobei  die  Bildele- 
mente  entlang  jeweils  zweier  verschiedener  Richtungen  in  dem  Strahlungsbild  angeordnet  sind; 
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f)  eine  Mittelwert-Berechnungseinrichtung  zur  Berechnung  eines  mittleren  Wertes  der  Absolutwerte  oder  der 
quadrierten  Werte  der  mehreren  Differenzen  fur  jede  der  zwei  verschiedenen  Richtungen  vorgesehen  ist; 

g)  eine  Beurteilungseinrichtung  zum  Beurteilung  aus  den  mittleren  Werten,  ob  das  mit  dem  Raumdomanen- 
Filter  gef  undene  voraussichtliche  abnormale  Muster  mit  der  Berechnungseinrichtung  fur  charakteristische  Ma- 
Be  weiterbearbeitet  wird,  vorgesehen  ist;  und 

h)  die  Berechnungseinrichtung  fur  charakteristische  MaBe  (3)  eine  Einrichtung  zum  Erfassen  charakteristi- 
scher  MaBe  umfaBt,  die  mit  den  Bildsignalen  berechnet  sind,  die  die  Umgebung  jedes  der  voraussichtlichen 
abnormalen  Muster  reprasentieren. 

Gerat  zum  Ermitteln  abnormaler  Muster  nach  Anspruch  1  ,  wobei  die  Einrichtung  zum  Auffinden  abnormaler  Muster 
mit  einem  neuralen  Netzwerk  versehen  ist,  das  die  Information  iiber  die  mehreren  charakteristischen  MaBe  emp- 
fangt  und  ein  MaB  ausgibt,  das  den  Grad  der  Wahrscheinlichkeit  reprasentiert,  dass  jedes  der  voraussichtlichen 
abnormalen  Muster  ein  wirkliches  abnormales  Muster  ist,  wobei  das  neurale  Netzwerk  umfaBt: 
mehrere  Schichten  k  mit  mindestens  einer  Einheit  i  pro  Schicht;  wobei  jede  Einheit  i  der  Schicht  k  mit  jeder  Einheit 
j  der  Schicht  k+1  mit  einer  Verbindungsgewichtung  l/lA  verbunden  ist,  so  dass  die  Eingabe  Xk.  der  Einheit  j 
der  Schicht  kdurch  die  Ausgange  ŷ_1  aller  Einheiten  i  der  Schicht  k-1  ausgedruckt  ist  durch 

und  die  Ausgange  aller  Einheiten  des  neuralen  Netzwerks  sind  durch  die  gleiche  charakteristische  Funktion  be- 
stimmt; 
wobei  die  Verbindungsgewichtungen  in  einer  Lemfunktions-Einrichtung  bestimmt  sind,  die  einen  Lemvorgang  aus- 
fuhrt  gemaB  einem  ruckwarts  gerichteten  Verfahren  mit  den  Schritten: 

1.  anfangliche  Werte  der  Verbindungsgewichtungen  sind  durch  Zufallszahlen  gegeben; 

2.  charakteristische  MaBe  mehrerer  Bilder,  fur  die  das  Vorhandensein  oder  das  Fehlen  und  die  Position  ab- 
normaler  Muster  bekannt  sind,  werden  in  das  neurale  Netzwerk  eingespeist,  und  die  Ausgange  jA  aller  Ein- 
heiten  werden  uberwacht; 

3.  ein  quadratischer  Fehler  E  zwischen  dem  Wert  des  Ausgangs  des  neuralen  Netzwerks  und  einem  Anwei- 
sungssignal  mit  d=1  ,  wenn  ein  wirkliches  abnormales  Muster  vorliegt,  und  d=0  sonst,  wird  fur  die  mehreren 
Bilder  bestimmt;  und 

4.  der  quadratische  Fehler  E,  der  eine  Funktion  der  Verbindungsgewichtungen  l/lA  ist,  wird  bezuglich  der 
Verbindungsgewichtungen  minimiert,  indem  ein  ausreichend  kleiner  Lernkoeffizient  r)  angewendet  wird,  der 
die  Verbindungsgewichtungen  verknupft  durch 

Gerat  zum  Ermitteln  abnormaler  Muster  nach  Anspruch  1  ,  das  weiterhin  umfasst: 

eine  zweite  Einrichtung  zum  Auffinden  voraussichtlicher  abnormaler  Muster  (53),  die  die  mehreren  charakte- 
ristischen  MaBeverwendet,  urn  die  voraussichtlichen  abnormalen  Muster  zu  finden,  die  eine  hohe  Wahrschein- 
lichkeit  haben,  ein  wirkliches  abnormales  Muster  zu  sein; 

eine  Anzeigeeinrichtung  (54),  die  das  Bildsignal  und  die  das  voraussichtliche  abnormale  Muster,  das  eine 
hohe  Wahrscheinlichkeit  hat,  ein  wirkliches  abnormales  Muster  zu  sein,  reprasentierende  Information  verwen- 
det,  urn  ein  sichtbares  Bild  anzuzeigen,  in  dem  das  voraussichtliche  abnormale  Muster  deutlich  dargestellt 
ist;  und 
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eine  Eingabeeinrichtung  (55),  mit  der  die  Information,  ob  das  in  dem  sichtbaren  Bild  gezeigte  voraussichtliche 
abnormale  Muster  ein  wirkliches  abnormales  Muster  ist  oder  nicht,  eingegeben  wird; 

wobei  die  zweite  Einrichtung  zum  Auffinden  voraussichtlicher  abnormaler  Muster  (53)  mit  einer  Lernfunktions- 
Einrichtung  versehen  ist,  mit  der  die  Vorgange  zum  Finden  eines  voraussichtlichen  abnormalen  Musters  mit 
einer  hohen  Wahrscheinlichkeit,  ein  wirkliches  abnormales  Muster  zu  sein,  aus  den  voraussichtlichen  abnor- 
malen  Muster,  die  von  der  ersten  Einrichtung  zum  Auffinden  voraussichtlicher  abnormaler  Muster  gefunden 
wurden,  in  Ubereinstimmung  mit  der  mit  der  Eingabeeinrichtung  eingegebenen  Information  geandert  sind. 

Gerat  zum  Ermitteln  abnormaler  Muster  nach  Anspruch  3,  wobei  die  zweite  Einrichtung  zum  Auffinden  voraus- 
sichtlicher  abnormaler  Muster  mt  einem  neuralen  Netzwerk  versehen  ist,  wobei  das  neurale  Netzwerk  umfasst: 
mehrere  Schichten  k  mit  mindestens  einer  Einheit  i  pro  Schicht;  wobei  jede  Einheit  i  der  Schicht  k  mit  jeder  Einheit 
j  der  Schicht  k+1  mit  einer  Verbindungsgewichtung  \Nk  verbunden  ist,  so  dass  die  Eingabe  Xj  der  Einheit  j 
der  Schicht  k  durch  die  Ausgange  jA:1  aller  Einheiten  i  der  Schicht  k-1  ausgedruckt  ist  durch 

und  die  Ausgange  aller  Einheiten  des  neuralen  Netzwerks  sind  durch  die  gleiche  charakteristische  Funktion  be- 
stimmt; 
wobei  die  Verbindungsgewichtungen  in  einer  Lemfunktions-Einrichtung  bestimmt  sind,  die  einen  Lemvorgang  aus- 
fuhrt  gemaB  einem  ruckwarts  gerichteten  Verfahren  mit  den  Schritten: 

1.  anfangliche  Werte  der  Verbindungsgewichtungen  sind  durch  Zufallszahlen  gegeben; 

2.  charakteristische  MaBe  mehrerer  Bilder,  fur  die  das  Vorhandensein  oder  das  Fehlen  und  die  Position  ab- 
normaler  Muster  bekannt  sind,  werden  in  das  neurale  Netzwerk  eingespeist,  und  die  Ausgange  jA  aller  Ein- 
heiten  werden  uberwacht; 

3.  ein  quadratischer  Fehler  E  zwischen  dem  Wert  des  Ausgangs  des  neuralen  Netzwerks  und  einem  Anwei- 
sungssignal  mit  d=1  ,  wenn  ein  wirkliches  abnormales  Muster  vorliegt,  und  d=0  sonst,  wird  fur  die  mehreren 
Bilder  bestimmt;  und 

4.  der  quadratische  Fehler  E,  der  eine  Funktion  der  Verbindungsgewichtungen  Wk  ist,  wird  bezuglich  der 
Verbindungsgewichtungen  minimiert,  indem  ein  ausreichend  kleiner  Lernkoeffizient  r)  angewendet  wird,  der 
die  Verbindungsgewichtungen  verknupft  durch 

und 

5.  die  mit  der  Eingabeeinrichtung  eingegebene  Information  istals  ein  Anweisungssignal  d  in  der  Lemfunktions- 
Einrichtung  verwendet. 

Gerat  zum  Ermitteln  abnormaler  Muster  nach  einem  der  Anspruche  1  bis  4,  wobei  die  mehreren  charakteristischen 
MaBe  zumindest  den  Bereich,  die  Gestalt  oder  den  Kontrast  jedes  der  voraussichtlichen  abnormalen  Muster  ein- 
schlieBen. 

Gerat  zum  Ermitteln  abnormaler  Muster  nach  Anspruch  1,  wobei  das  voraussichtliche  abnormale  Muster  ein  Tu- 
morbild  ist,  wobei  die  charakteristischen  MaBe  fur  mehrere  Bildelemente  in  dem  Strahlungsbild  berechnet  werden, 
indem  das  Bildsignal  mit  dem  Raumdomanen-Filter  bearbeitet  wird,  das  die  charakteristischen  MaBe  ergibt,  deren 
Werte  variieren  in  Ubereinstimmung,  ob  ein  vorbestimmtes  Bildelement  in  dem  Strahlungsbild  in  den  Bereich,  der 
dem  Tumorbild  entspricht,  fallt  oder  nicht; 
und  wobei  die  Beurteilungseinrichtung  aus  den  mittleren  Werten,  die  fur  die  zwei  verschiedenen  Richtungen  be- 
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rechnet  worden  sind,  beurteilt,  ob  das  voraussichtliche  Tumorbild  ein  wirkliches  Tumorbild  ist  oder  nicht. 

7.  Gerat  zum  Ermitteln  abnormaler  Muster  nach  einem  der  vorhergehenden  Anspruche,  wobei  das  Strahlungsbild 
auf  einer  stimulierbaren  Phosphorschicht  gespeichert  ist. 

5 
8.  Gerat  zum  Ermitteln  abnormaler  Muster  nach  Anspruch  7,  wobei  das  Bildsignal  aus  einem  Auslesevorgang  erhal- 

ten  wird,  wobei  die  stimulierbare  Phosphorschicht  stimulierenden  Strahlen  ausgesetzt  wird,  die  die  stimulierbare 
Phosphorschicht  veranlassen,  Licht  im  Verhaltnis  zu  der  wahrend  ihrer  Bestrahlung  auf  ihr  gespeicherten  Ener- 
giemenge  zu  emittieren,  und  wobei  das  emittierte  Licht  fotoelektrisch  nachgewiesen  wird. 

10 
9.  Gerat  zum  Ermitteln  abnormaler  Muster  nach  Anspruch  8,  wobei  die  stimulierenden  Strahlen  ein  Laserstrahl  sind. 

10.  Gerat  zum  Ermitteln  abnormaler  Muster  nach  einem  der  Anspruche  1  bis  6,  wobei  das  Strahlungsbild  auf  einem 
fotografischen  Film  aufgezeichnet  ist. 

15 

Revendications 

1.  Un  appareil  de  detection  de  configuration  anormale,  dans  lequel  une  configuration  anormale  dans  une  image  de 
20  rayonnement  d'un  objet  est  detectee  a  partir  d'un  signal  d'image  representant  I'image  de  rayonnement, 

I'appareil  de  detection  de  configuration  anormale  comprenant  : 

a)  un  moyen  de  decouverte  de  configuration  anormale  eventuelle  (1  )  pourtrouver  les  configurations  anormales 
eventuelles  a  partir  du  signal  d'image,  en  appliquant  au  moins  un  filtre  dans  le  domaine  spatial; 

25  b)  un  moyen  de  traitement  d'information  (2)  pour  trouver  I'information  anatomique  concernant  I'objet  precite 
a  partir  du  signal  d'image; 
c)  un  moyen  de  calcul  de  mesure  caracteristique  (3)  pour  calculer  une  multiplicity  de  mesures  caracteristiques 
pour  chacune  des  configurations  anormales  eventuelles,  qui  ont  ete  trouvees  par  le  moyen  de  decouverte  de 
configuration  anormale  eventuelle  (1); 

30  d)  un  moyen  de  decouverte  de  configuration  anormale  (4),  utilisant  les  mesures  caracteristiques  et  I'information 
anatomique  pour  trouver  la  configuration  anormale  vraie  a  partir  de  la  configuration  anormale  eventuelle, 
caracterise  en  ce  que 
e)  le  moyen  de  decouverte  de  configuration  anormale  eventuelle  (1  )  comporte  un  moyen  de  calcul  de  difference 
pour  calculer,  pour  chaque  configuration  anormale  eventuelle,  une  multiplicity  de  differences  entre  les  valeurs 

35  du  signal  d'image  representant  des  elements  d'image  adjacents  dans  une  region  correspondant  a  la  configu- 
ration  anormale  eventuelle,  trouvee  avec  le  filtre  dans  le  domaine  spatial,  ces  elements  d'image  etant  places 
le  long  de  chacune  de  deux  directions  differentes  dans  I'image  de  rayonnement; 
f)  un  moyen  de  calcul  de  moyenne  pour  calculer  une  valeur  de  niveau  moyen  des  valeurs  absolues  ou  des 
valeurs  au  carre  de  la  multiplicity  des  differences  pour  chacune  des  deux  directions  differentes; 

40  g)  des  moyens  de  determination  pour  determiner,  a  partir  des  valeurs  de  niveau  moyen,  si  la  configuration 
anormale  eventuelle  trouvee  avec  le  filtre  dans  le  domaine  spatial  doit  faire  I'objet  d'un  traitement  ulterieur 
avec  le  moyen  de  calcul  de  mesure  caracteristique;  et 
h)  le  moyen  de  calcul  de  mesure  caracteristique  (3)  comprend  un  moyen  pour  detecter  des  mesures  carac- 
teristiques  calculees  avec  les  signaux  d'image  representant  le  voisinage  de  chacune  des  configurations  anor- 

45  males  eventuelles. 

2.  Un  appareil  de  detection  de  configuration  anormale  selon  la  revendication  1  ,  dans  lequel  le  moyen  de  decouverte 
de  configuration  anormale  comporte  un  reseau  neuronal,  qui  recoit  I'information  concernant  la  multiplicity  des 
mesures  caracteristiques,  et  qui  fournit  en  sortie  une  mesure  representant  le  niveau  de  la  probability  que  chacune 

so  des  configurations  anormales  eventuelles  soit  une  configuration  anormale  vraie,  ce  reseau  neuronal  comprenant  : 
plusieurs  couches  k  avec  au  moins  une  unite  i  par  couche;  chaque  unite  i  de  la  couche  k  etant  connectee  a  chaque 
unite  j  de  la  couche  k+1  avec  un  poids  de  connexion  Wk  k+1  ,  de  facon  que  I'information  d'entree  Xk  de  I'unite  j  de 
la  couche  k  soit  exprimee  avec  les  informations  de  sortie  yk_1  de  toutes  les  unites  i  de  la  couche  k-1  par  : 

55 
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Xk  =  ^ W j k - 1 k   yk~1 

et  que  les  informations  de  sortie  de  toutes  les  unites  du  reseau  neuronal  soient  determinees  par  la  meme  fonction 
caracteristique; 
les  poids  de  connexions  etant  determines  par  une  structure  de  fonction  d'apprentissage,  accomplissant  une  fonc- 
tion  d'apprentissage  par  un  precede  de  retropropagation  comprenant  les  etapes  suivantes  : 

1  .  des  valeurs  initiales  des  poids  de  connexion  Wk  k+1  sont  donnees  par  des  nombres  aleatoires: 
2.  des  mesures  caracteristiques  d'une  multiplicity  d'images,  pour  lesquelles  la  presence  ou  I'absence  et  la 
position  de  configurations  anormales  sont  connues,  sont  appliquees  au  reseau  neuronal,  et  les  informations 
de  sortie  yk  de  toutes  les  unites  sont  controlees; 
3.  une  erreur  au  carre  E  entre  la  valeur  de  I'information  de  sortie  du  reseau  neuronal  et  un  signal  d'instructeur, 
avec  d  =  1  dans  le  cas  d'une  configuration  anormale  vraie  et  d  =  0  dans  le  cas  contraire,  est  determinee  pour 
la  multiplicity  d'images:  et 
4  I'erreur  au  carre  E,  qui  est  une  fonction  des  poids  de  connexion  Wk  k+1  ,  est  minimisee  par  rapport  a  ces 
poids  de  connexion,  en  appliquant  un  coefficient  d'apprentissage  r)  suffisamment  faible  qui  correle  les  poids 
de  connexion  par  : 

k  k+i  _  k  k+1  _  d  E 
'  1  11  aw[  k+1 

Un  appareil  de  detection  de  configuration  anormale  selon  la  revendication  1,  dans  lequel  I'appareil  de  detection 
de  configuration  anormale  comprend  en  outre  : 

un  second  moyen  de  decouverte  de  configuration  anormale  eventuelle  (53)  qui  utilise  la  multiplicity  des  me- 
sures  caracteristiques,  afin  de  trouver  la  configuration  anormale  eventuelle  ayant  une  probability  elevee  d'etre 
une  configuration  anormale  vraie; 
un  moyen  de  visualisation  (54)  qui  utilise  le  signal  d'image  et  I'information  representant  la  configuration  anor- 
male  eventuelle,  qui  a  une  probability  elevee  d'etre  une  configuration  anormale  vraie,  afin  de  visualiser  une 
image  visible  dans  laquelle  la  configuration  anormale  eventuelle  est  clairement  representee;  et 
un  moyen  d'entree  (55)  avec  lequel  on  introduit  I'information  indiquant  si  la  configuration  anormale  eventuelle 
representee  dans  I'image  visible  est  ou  n'est  pas  une  configuration  anormale  vraie; 
dans  lequel  le  second  moyen  de  decouverture  de  configuration  anormale  eventuelle  (53)  comporte  une  struc- 
ture  de  fonction  d'apprentissage,  avec  laquelle  les  operations  pour  trouver  une  configuration  anormale  even- 
tuelle  ayant  une  probability  elevee  d'etre  une  configuration  anormale  vraie,  a  partir  des  configurations  anor- 
males  eventuelles  trouvees  par  le  premier  moyen  de  decouverte  de  configuration  anormale  eventuelle,  sont 
changees  conformement  a  I'information  introduite  avec  le  moyen  d'entree. 

Un  appareil  de  detection  de  configuration  anormale  selon  la  3,  dans  lequel  le  second  moyen  de  decouverte  de 
configuration  anormale  eventuelle  comporte  un  reseau  neuronal, 
ce  reseau  neuronal  comprenant  : 
plusieurs  couches  k  avec  au  moins  une  unite  i  par  couche;  chaque  unite  i  de  la  couche  k  etant  connectee  a  chaque 
unite  j  de  la  couche  k+1  avec  un  poids  de  connexion  Wk  k+1  ,  de  facon  que  I'information  d'entree  Xk  de  I'unite  j  de 
la  couche  k  soit  exprimee  avec  les  informations  de  sortie  yk_1  de  toutes  les  unites  i  de  la  couche  k-1  par  : 

xf  =  £ v y k - 1 k   yk-1 

et  que  les  informations  de  sortie  de  toutes  les  unites  du  reseau  neuronal  soient  determinees  par  la  meme  fonction 
caracteristique; 

66 



EP  0  405  456  B1 

les  poids  de  connexions  etant  determines  par  une  structure  de  fonction  d'apprentissage,  accomplissant  une  fonc- 
tion  d'apprentissage  par  un  precede  de  retropropagation  comprenant  les  etapes  suivantes  : 

1  .  des  valeurs  initiales  des  poids  de  connexion  Wk  k+1  sont  donnees  par  des  nombres  aleatoires; 
5  2.  des  mesures  caracteristiques  d'une  multiplicity  d'images,  pour  lesquelles  la  presence  ou  I'absence  et  la 

position  de  configurations  anormales  sont  connues,  sont  appliquees  au  reseau  neuronal,  et  les  informations 
de  sortie  yk  de  toutes  les  unites  sont  controlees; 
3.  une  erreur  au  carre  E  entre  la  valeur  de  I'information  de  sortie  du  reseau  neuronal  et  un  signal  d'instructeur, 
avec  d  =  1  dans  le  cas  d'une  configuration  anormale  vraie  et  d  =  0  dans  le  cas  contraire,  est  determinee  pour 

10  la  multiplicity  d'images;  et 
4.  I'erreur  au  carre  E,  qui  est  une  fonction  des  poids  de  connexion  Wk  k+1  ,  est  minimisee  par  rapport  a  ces 
poids  de  connexion,  en  appliquant  un  coefficient  d'apprentissage  r)  suffisamment  faible  qui  correle  les  poids 
de  connexion  par  : 

15 ,.,k  k+1  ,.,k  k+1  d  E wi  i  =  wi  i  "  ti  n  i  j  i  j  ■  3  wk  k+i  ■ 

et 
20  5.  I'information  introduite  avec  le  moyen  d'entree  est  utilisee  a  titre  de  signal  d'instructeur  d  dans  la  structure 

de  fonction  d'apprentissage. 

5.  Un  appareil  de  detection  de  configuration  anormale  selon  I'une  des  revendications  1  a  4,  dans  lequel  la  multiplicity 
de  mesures  comprend  I'une  au  moins  des  suivantes  :  I'aire,  la  forme  et  le  contraste  de  chacune  des  configurations 

25  anormales  eventuelles. 

6.  Un  appareil  de  detection  de  configuration  anormale  selon  la  revendication  1  ,  dans  lequel  la  configuration  anormale 
eventuelle  est  une  image  de  tumeur, 

30  dans  lequel  les  mesures  caracteristiques  pour  une  multiplicity  d'elements  d'image  dans  I'image  de  rayonne- 
ment  sont  calculees  en  traitant  le  signal  d'image  avec  le  filtre  dans  le  domaine  spatial,  qui  donne  les  mesures 
caracteristiques  dont  les  valeurs  varient  conformement  au  fait  qu'un  element  d'image  predetermine  dans  I'ima- 
ge  de  rayonnement  tombe  ou  ne  tombe  pas  a  I'interieur  de  la  region  correspondant  a  I'image  de  tumeur; 
et  dans  lequel  le  moyen  de  determination  determine,  a  partir  des  valeurs  de  niveau  moyen,  qui  ont  ete  calculees 

35  pour  les  deux  directions  differentes,  si  I'image  de  tumeur  eventuelle  est  ou  non  une  image  de  tumeur  vraie 

7.  Un  appareil  de  detection  de  configuration  anormale  selon  I'une  des  revendications  precedentes,  dans  lequel  I'ima- 
ge  de  rayonnement  a  ete  enregistree  sur  une  feuille  a  luminophore  stimulable. 

40  8.  Un  appareil  de  detection  de  configuration  anormale  selon  la  revendication  7,  dans  lequel  le  signal  d'image  est 
obtenu  par  une  operation  de  lecture  dans  laquelle  la  feuille  a  luminophore  stimulable  est  exposee  a  des  rayons 
de  stimulation,  sous  I'effet  desquels  la  feuille  a  luminophore  stimulable  emet  de  la  lumiere  en  proportion  de  la 
quantity  d'energie  emmagasinee  dans  cette  feuille  au  cours  de  son  exposition  au  rayonnement,  et  la  lumiere  emise 
est  detectee  de  facon  photoelectrique. 

45 
9.  Un  appareil  de  detection  de  configuration  anormale  selon  la  revendication  8,  dans  lequel  les  rayons  de  stimulation 

sont  un  faisceau  laser. 

10.  Un  appareil  de  detection  de  configuration  anormale  selon  I'une  des  revendications  1  a  6,  dans  lequel  I'image  de 
so  rayonnement  a  ete  enregistree  sur  un  film  photographique. 

55 
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