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lescription 

The  invention  relates  to  a  method  of  determin- 
ig  a  scale  factor  for  gradation  processing  a 
adiation  image  stored  in  a  stimulable  phosphor 
heet  according  to  the  preamble  of  claim  1. 

DESCRIPTION  OF  THE  PRIOR  ART 
When  certain  kinds  of  phosphors  are  exposed 

o  a  radiation  such  as  X-rays,  a-rays,  (3-rays,  y- 
ays,  cathode  rays  or  ultra-violet  rays,  they  store  a 
(art  of  the  energy  of  the  radiation.  Then,  when  the 
(hosphor  which  has  been  exposed  to  the  radi- 
ition  is  exposed  to  stimulating  rays  such  as 
'isible  light,  light  is  emitted  by  the  phosphor  in 
)roportion  to  the  stored  energy  of  the  radiation.  A 
)hosphor  exhibiting  such  properties  is  referred  to 
is  a  stimulable  phosphor. 

As  disclosed  in  U.S.  Patent  No. 
jS—  A—  4,258,264  and  Japanese  Unexamined 
3atent  Publication  No.  56(1981)—  11395,  it  has 
jeen  proposed  to  use  a  stimulable  phosphor  in  a 
@adiation  image  recording,  read-out  and  repro- 
ducing  system.  Specifically,  a  sheet  provided  with 
a  layer  of  the  stimulable  phosphor  (hereinafter 
eferred  to  as  a  stimulable  phosphor  sheet)  is  first 
sxposed  to  a  radiation  passing  through  an  object 
:o  have  a  radiation  image  stored  therein,  and  is 
then  scanned  with  stimulating  rays  such  as  a  laser 
beam  which  cause  it  to  emit  light  in  the  pattern  of 
the  stored  image.  The  light  emitted  by  the  stimul- 
able  phosphor  sheet  upon  stimulation  thereof  is 
photoelectrically  detected  and  converted  to  an 
alectric  image  signal,  which  is  processed  as 
desired  to  reproduce  a  visible  image  on  a 
recording  medium  such  as  a  photographic  light- 
sensitive  material  or  on  a  display  device  such  as  a 
cathode  ray  tube  (CRT). 

The  radiation  image  recording,  read-out  and 
reproducing  system  using  a  stimulable  phosphor 
sheet  is  advantageous  over  conventional  radiog- 
raphy  using  a  silver  halide  photographic  material 
in  that  the  image  can  be  recorded  over  a  very 
wide  range  (latitude)  of  radiation  exposure  and 
further  in  that  the  electric  signal  used  for  repro- 
ducing  the  visible  image  can  be  freely  processed 
to  improve  the  image  quality  for  viewing,  particu- 
larly  for  diagnostic  purposes.  In  more  detail,  since 
the  amount  of  light  emitted  upon  stimulation  after 
the  radiation  energy  is  stored  in  the  stimulable 
phosphor  varies  over  a  very  wide  range  in  pro- 
portion  to  the  amount  of  energy  stored  therein,  it 
is  possible  to  obtain  an  image  having  desirable 
density  regardless  of  the  amount  of  exposure  of 
the  stimulable  phosphor  to  the  radiation  by  read- 
ing  out  the  emitted  light  with  an  appropriate  read- 
out  gain  and  converting  it  to  an  electric  signal  to 
reproduce  a  visible  image  on  a  recording  medium 
or  a  display  device.  The  electric  signal  may  further 
be  processed  as  desired  to  obtain  a  radiation 
image  suitable  for  viewing,  particularly  for  diag- 
nostic  purposes.  This  is  very  advantageous  in 
practical  use. 

As  mentioned  above,  in  the  radiation  image 
recording  and  reproducing  system  using  a  stimul- 

able  pnospnor  sneet,  compensauon  Tor  ueviduun 
of  the  level  of  the  radiation  energy  stored  in  the 
stimulable  phosphor  sheet  from  a  desired  level 
can  easily  be  carried  out  by  adjusting  the  read-out 

r  gain  to  an  appropriate  value  when  photo- 
electrically  reading  out  the  light  emitted  from  the 
stimulable  phosphor  sheet  upon  stimulation 
thereof.  Therefore,  the  quality  of  the  reproduced 
radiation  image  is  not  adversely  affected  by  a 

o  fluctuation  in  radiation  dose  due  to  fluctuating 
tube  voltage  or  MAS  value  of  the  radiation 
source,  a  variation  in  the  sensitivity  of  the  stimul- 
able  phosphor  sheet  or  the  photodetector,  a 
change  in  radiation  dose  according  to  the  condi- 

5  tion  of  the  object,  or  a  fluctuation  in  the  radiation 
transmittance  according  to  the  object,  and  the 
like.  Also,  it  is  possible  to  obtain  a  desirable 
radiation  image  even  when  the  radiation  dose  to 
the  object  is  low.  Further,  it  is  possible  to  obtain  a 

o  radiation  iamge  having  a  high  image  quality  of 
high  contrast,  high  sharpness  and  low  noise,  and 
the  like,  by  converting  the  light  emitted  from  the 
stimulable  phosphor  sheet  into  an  electric  signal, 
and  processing  the  electric  signal  "as  desired. 

!5  Particularly,  when  the  radiation  image  is  used  for 
medical  diagnosis,  it  is  possible  to  obtain  a 
radiation  image  processed  in  the  manner  most 
suitable  for  a  particular  portion  of  the  human 
body  such  as  the  heart,  the  chest  or  the  like, 

?o  thereby  realizing  an  improvement  in  diagnostic 
efficiency  and  accuracy. 

However,  in  order  to  eliminate  various 
influences  caused  by  the  fluctuation  of  radio- 
graphic  exposure  conditions  and/or  to  obtain  a 

?5  radiation  image  having  a  high  image  quality  or  a 
high  diagnostic  efficiency  and  accuracy,  it  is 
necessary  to  investigate  such  image  input  con- 
ditions  of  the  radiation  image  stored  in  the  stimul- 
able  phosphor  sheet  as,  for  example,  the  level  of 

40  radiation  dose  used  for  image  recording,  or  the 
image  input  pattern  which  is  determined  by  the 
portion  of  the  body  (e.g.  the  chest  or  the  abdo- 
men)  or  the  radiographic  method  used,  such  as 
plain  image  or  contrasted  image  radiographing, 

45  before  reproducing  the  radiation  image  to  a 
visible  image,  and  then  to  appropriately  adjust 
the  read-out  conditions  such  as"  read-out  gain  or 
scale  factor.  Then,  the  image  signal  read  out 
based  on  the  adjusted  read-out  conditions,  is 

so  appropriately  processed.  The  image  input  con- 
ditions  and  the  image  input  pattern  will  herein- 
after  be  simply  referred  to  as  the  image  input 
information  when  they  are  referred  to  generically. 

The  document  EP—  A—  0  077  677  discloses  a 
55  method  according  the  preamble  of  claim  1.  Such 

a  method  is  also  disclosed  in  Japanese  Unex- 
amined  Patent  Publication  No.  58(1983)—  67240. 
In  the  method,  a  read-out  operation  for  detecting 
the  image  input  information  of  a  radiation  image 

60  stored  in  a  stimulable  phosphor  sheet  (hereinafter 
referred  to  as  the  preliminary  read-out)  is  con- 
ducted  in  advance  by  use  of  stimulating  rays 
having  stimulation  energy  of  a  level  lower  than 
the  level  of  the  stimulation  energy  of  stimulating 

65  rays  used  in  a  subsequent  read-out  operation  for 

2 
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obtaining  a  visible  image  for  viewing,  particularly 
for  diagnostic  purposes  (hereinafter  referred  to  as 
the  final  read-out),  and  thereafter  the  final  read- 
out  is  carried  out.  In  the  final  read-out,  the  read- 
out  conditions  such  as  the  read-out  gain  and/or 
the  scale  factor  are  appropriately  adjusted  on  the 
basis  of  the  image  input  information  obtained  by 
the  preliminary  read-out.  In  this  method,  since  the 
image  input  conditions  and  the  image  input 
pattern  of  a  radiation  image  stored  in  the  stimul- 
able  phosphor  sheet  can  be  investigated  in 
advance,  it  is  possible  to  obtain  a  radiation  image 
having  an  improved  image  quality,  particularly  a 
high  diagnostic  efficiency  and  accuracy  by  adjust- 
ing  the  read-out  gain  and/or  the  scale  factor  based 
on  the  detected  image  input  information  in  the 
manner  most  suitable  for  the  image  input  pattern 
without  using  a  read-out  system  having  a  wide 
dynamic  range.  Then,  when  required,  the  image 
signal  is  further  processed  to  obtain  an  image  of 
higher  quality. 

Further  developments,  not  published  at  the 
filing  date  of  the  present  application,  have  shown 
that  when  the  aforesaid  method  is  applied,  levels 
of  signals  detected  by  the  preliminary  read-out 
over  the  whole  surface  of  the  stimulable  phos- 
phor  sheet  are  stored  in  a  memory,  and  a  histog- 
ram  is  created  by  calculating  the  stored  signal 
levels  by  use  of  a  signal  processing  apparatus. 
From  the  histogram,  the  maximum  stimulated 
emission  intensity  (Smax)  and  the  minimum 
stimulated  emission  intensity  (Smin)  necessary 
for  viewing,  particularly  for  diagnostic  purposes 
are  determined.  Then,  the  scale  factor  (i.e. 
latitude)  in  the  final  read-out  is  determined  on  the 
basis  of  Smax  and  Smin. 

In  the  case  where  the  radiation  image  recording 
and  reproducing  system  is  used  for  medical 
diagnosis,  portions  of  the  human  body  not  related 
to  diagnosis  should  not  be  exposed  to  radiation 
since  the  radiation  is  harmful  to  the  human  body. 
Further,  when  the  human  body  portions  not 
related  to  diagnosis  are  exposed  to  radiation,  the 
radiation  is  scattered  by  such  portions  to  the 
portion  related  to  the  diagnosis,  and  the  contrast 
and  resolution  are  adversely  affected  by  the 
scattered  radiation.  Therefore,  in  many  cases,  the 
radiation  exposure  field  should  be  limited  when  a 
radiation  image  is  recorded.  Normally,  when  the 
radiation  exposure  field  is  limited,  radiation 
scattered  by  the  object  within  the  radiation 
exposure  field  passes  outside  of  the  radiation 
exposure  field.  The  scattered  radiation  is 
absorbed  and  stored  in  the  stimulable  phosphor 
sheet,  which  exhibits  high  sensitivity.  However, 
when  the  scale  factor  is  determined  by  the 
aforesaid  conventional  method,  it  is  not  always 
possible  to  discriminate  between  the  energy  of 
the  scattered  radiation  and  the  radiation  energy  of 
the  image  portion  within  the  radiation  exposure 
field,  and  the  minimum  stimulated  emission 
intensity  caused  by  the  scattered  radiation  is 
detected  as  Smin.  Normally,  the  minimum  stimu- 
lated  emission  intensity  of  the  scattered  radiation 
is  very  much  smaller  than  that  at  the  image 

portion  within  the  radiation  exposure  field.  There- 
fore,  when  the  minimum  stimulated  emission 
intensity  caused  by  the  scattered  radiation  is 
detected  as  Smin,  since  the  signal  caused  by  the 

5  scattered  radiation  not  related  to  diagnosis  is 
taken  within  a  low  density  range  in  the  final  read- 
out,  the  density  of  the  image  of  the  portion  related 
related  to  diagnosis  becomes  too  high.  As  a 
result,  the  image  contrast  decreases  and  it 

w  becomes  difficult  to  make  an  accurate  diagnosis. 
The  document  EP—  A—  0  084  622  discloses  a 

radiation  image  read-out  system  in  which  a 
stimulable  phosphor  sheet  carrying  a  radiation 
image  stored  thereon  is  exposed  to  stimulating 

15  rays  which  causes  it  to  emit  light  in  the  pattern  of 
the  stored  image,  and  the  emitted  light  is  photo- 
electrically  read  out,  the  phosphor  sheet  is  uni- 
formly  desensitized  by  the  exposure  thereof  to 
stimulating  rays.  Then,  a  preliminary  read-out  is 

20  conducted  by  use  of  stimulating  rays  having 
-  stimulation  energy  lower  than  the  stimulation 

energy  of  stimulating  rays  used  in  the  final  read- 
out,  and  the  final  read-out  conditions  and  the 
image  processing  conditions  are  set  based  on  the 

25  image  input  information  obtained  by  the  prelimi- 
nary  read-out.  The  desensitization  is  conducted  to 
eliminate  3%  to  60%  of  the  radiation  energy 
stored  on  the  phosphor  sheet  in  order  to  obtain 
the  image  input  information  suitable  for  setting 

30  the  conditions  regardless  of  the  time  interval 
between  the  radiation  image  recording  and  the 
preliminary  read-out. 

The  document  US—  A—  4  310  886  discloses  a 
method  and  apparatus  for  processing  a  radiation 

35  image  in  a  radiation  image  recording  systme  in 
which  a  stimulable  phosphor  is  stimulated  with  a 
scanning  stimulating  ray  and  the  light  emitted 
from  the  stimulable  phosphor  upon  stimulation 
by  the  stimulating  ray  is  converted  into  an  electric 

40  signal.  Then,  a  visible  image  is  recorded  on  a 
recording  medium  by  use  of  a  scanning  recording 
beam  modulated  by  the  electric  signal.  The  radi- 
ation  image  of  the  frontal  chest  is  gradation 
processed.  The  gradation  processing  is  produced 

45  by  lowering  the  level  of  the  electric  signal 
generally  in  the  range  of  the  level  corresponding 
to  the  density  between  the  substantial  maximum 
and  minimum  densities  of  the  image  with  the 
level  of  the  electric  signal  corresponding  to  the 

50  density  at  the  boundary  between  the  lungs  and 
the  heart  lowered  to  the  most  extent  in  this  range. 
Thereby,  the  contrast  of  the  heart  is  lowered  and 
the  contrast  of  the  lungs  is  raised.  This  known 
method  does  not  imply  a  preliminary  read-out  or 

55  scanning  of  a  radiation  image  stored  in  the 
stimulable  phosphor  sheet. 

The  problem  to  be  solved  by  the  invention  is  to 
improve  a  method  according  to  the  preamble  of 
claim  1  such  that  the  scale  factor  for  a  radiation 

60  image  may  be  adjusted  without  being  effected  by 
scattered  radiation  passing  outside  of  the  object 
when  the  radiation  exposure  field  is  limited. 

This  problem  is  solved  in  accordance  with  the 
invention  by  the  features  comprised  by  the 

65  characterising  portion  of  claim  1. 
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In  the  present  invention,  even  when  the  radi- 
ation  exposure  field  is  limited  at  the  time  of  storing 
a  radiation  image  of  an  object  in  a  stimulable 
phosphor  sheet,  it  is  possible  to  read  out  the 
radiation  image  with  no  adverse  effect  from 
radiation  scattered  outside  of  the  object.  There- 
Fore,  it  becomes  possible  to  obtain  a  visible  image 
having  contrast  and  density  suitable  for  viewing, 
particularly  for  diagnostic  purposes. 

Accordingly,  it  becomes  possible  to  limit  the 
radiation  exposure  field  at  the  image  recording 
step  without  adversely  affecting  the  image  quality, 
particularly  the  diagnostic  efficiency  and  accuracy. 
Further,  since  object  portions  which  need  not  be 
viewed,  particularly  for  diagnostic  purposes,  need 
not  be  exposed  to  radiation,  it  is  possible  to  reduce 
adverse  effects  of  the  radiation  on  the  object  such 
as  the  human  body.  Also,  it  becomes  possible  to 
obtain  a  visible  radiation  image  free  from  adverse 
effects  of  scattered  radiation  and  exhibiting  an 
improved  image  quality,  particularly  a  high  diag- 
nostic  efficiency  and  accuracy. 

Advantageous  embodiments  are  claimed  by  the 
subclaims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Figure  1  is  a  schematic  view  showing  the  X-ray 

image  recording,  read-out  and  reproducing 
system  wherein  an  embodiment  of  the  method  of 
adjusting  the  scale  factor  for  a  radiation  image  in 
accordance  with  the  present  invention  is  applied, 

Figure  2  is  a  plan  view  showing  an  X-ray 
exposure  field  (103a)  and  a  region  (103b)  inside  of 
the  X-ray  exposure  field  in  a  stimulable  phosphor 
sheet. 

Figure  3  is  a  graph  showing  the  histograms  of 
the  amounts  of  light  emitted  by  the  stimulable 
phosphor  sheet  upon  stimulation  thereof,  which 
are  used  in  an  embodiment  of  the  method  of 
adjusting  the  scale  factor  for  a  radiation  image  in 
accordance  with  the  present  invention,  and 

Figure  4  is  a  graph  showing  the  function  used  for 
calculating  Smin  in  the  embodiment  of  the  method 
of  adjusting  the  scale  factor  for  a  radiation  image 
in  accordance  with  the  present  invention. 

DESCRIPTION  OF  THE  PREFERRED  
' 

EMBODIMENTS 
The  present  invention  will  hereinbelow  be 

described  in  further  detail  with  reference  to  the 
accompanying  drawings. 

Figure  1  schematically  shows  the  X-ray  image 
recording  and  reproducing  system  in  which  an 
embodiment  of  the  method  of  adjusting  the  scale 
factor  for  a  radiation  image  in  accordance  with  the 
present  invention  is  applied,  and  which  comprises 
a  recording  section  1,  a  preliminary  read-out 
section  2,  a  final  read-out  section  3,  and  an  image 
reproducing  section  4. 

In  the  recording  section  1,  the  exposure  field  of 
X-rays  emitted  by  an  X-ray  source  101  to  an  object 
102  is  limited  by  a  beam  limiting  device  110.  The  X- 
rays  then  pass  through  the  object  102  and  are 
absorbed  by  a  stimulable  phosphor  sheet  103  to 
have  an  X-ray  image  of  the  object  102  stored 

therein.  The  stimulable  phosphor  sheet  103  carry- 
ing  the  X-ray  image  stored  therein  is  sent  to  the 
preliminary  read-out  section  2. 

In  the  X-ray  image  recording  and  reproducing 
5  system,  in  order  to  improve  the  signal-to-noise 

ratio,  it  is  preferable  that  the  stimulable  phosphor 
emits  light  having  a  wavelength  range  not  overlap- 
ping  the  range  of  wavelength  of  the  stimulating 
rays  employed  to  excite  the  stimulable  phosphor. 

w  Preferably,  when  a  stimulating  ray  source  which 
emits  stimulating  rays  having  a  wavelength  within 
the  range  between  600  nm  and  700  nm  is  used,  a 
stimulable  phosphor  which  emits  light  having  a 
wavelength  within  the  range  between  300  nm  and 

is  500  nm  should  be  selected,  as  disclosed  in  U.S. 
Patent  No.  4,258,264. 

As  the  stimulable  phosphor,  for  example,  rare 
earth  activated  alkaline  earth  metal  fluorohalide 
phosphor  is  preferred.  One  example  of  this  phos- 

20  phor  is,  as  shown  in  DE—  OS  No.  2,928,245,  a 
phosphor  represented  by  the  formula  (Bai_x_y,Mg- 
x,Cay)FX  :  aEu2+  wherein  X  is  at  least  one  of  CI  and 
Br,  x  and  y  are  numbers  satisfying  0  <  x+y  ^  0.6 
and  xy  ¥=  0,  and  a  is  a  number  satisfying  10"6  ^  a  ^  

25  5x1  0~2.  Another  example  of  this  phosphor  is,  as 
shown  in  U.S.  Patent  No.  4,239,968,  a  phosphor 
represented  by  the  formula  (Ba^^M'^FX  :  yA 
wherein  M"  is  at  least  one  of  Mg,  Ca,  Sr,  Zn  and  Cd, 
X  is  at  least  one  of  CI,  Br  and  I,  A  is  at  least  one  of 

30  Eu,  Tb,  Ce,  Tm,  Dy,  Pr,  Ho,  Nd,  Yb  and  Er,  x  is  a 
number  satisfying  0  S  x  ^  0.6,  and  y  is  a  number 
satisfying  O S y S   n.2.  Further,  as  the  stimulable 
phosphor  to  be  used  in  this  invention  can  be  used 
ZnS  :  Cu,Pb;  BaQ-xAI203  :  Eu  wherein  0.8  S  x  ^  

35  10;  and  M"0-xSi02  :  A  wherein  M"  is  Mg,  Ca,  Sr, 
Zn,  Cd  or  Ba,  A  is  Ce,  Tb,  Eu,  Tm,  Pb,  Tl,  Bi  or  Mn, 
and  x  is  a  number  satisfying  0.5  S  x  g  2.5,  as 
shown  in  U.S.  Patent  No.  4,236,078.  Furthermore, 
as  the  stimulable  phosphor  can  be  used  LnOX  :  xA 

40  wherein  Ln  is  at  least  one  of  La,  Y,  Gd  and  Lu,X  is  at 
least  one  of  CI  and  Br,  A  is  at  least  one  of  Ce  and  Tb, 
x  is  a  number  satisfying  0  <  x  <  0.1,  as  shown  in 
U.S.  Patent  No.  4,236,078.  Among  the  above 
enumerated  phosphors,  the  rare  earth  activated 

45  alkaline  earth  metal  fluorohalide  phosphor  is  the 
most  preferable,  among  which  barium 
fluorohalides  are  the  most  preferable  in  view  of  the 
high  intensity  of  emission  of  light. 

Further,  barium  fluorohalide  phosphors  added 
so  with  a  metal  fluoride  as  disclosed  in  European 

Patent  Publication  No.  EP—  A—  21,342,  or  barium 
fluorohalide  phosphors  added  with  at  least  one  of 
a  metal  chloride,  a  metal  bromide  and  a  metal 
iodide  as  disclosed  in  European  Patent  Publication 

55  No.  EP—  -A—  29,063  are  also  preferable  because  of 
their  improved  light  emitting  characteristics. 

It  is  also  desirable  to  color  the  phosphor  layer  of 
the  stimulable  phosphor  sheet  made  of  the  above 
phosphor  by  use  of  pigments  or  dyes  to  improve 

so  the  sharpness  of  the  image  obtained  thereby  as 
disclosed  in  European  Patent  Publication  No. 
EP—  A—  21,174. 

In  the  X-ray  iamge  recording  and  reproducing 
system  wherein  the  method  of  adjusting  the  scale 

65  factor  for  a  radiation  image  in  accordance  with  the 
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present  invention  is  applied,  the  stimulation 
energy  of  the  stimulating  rays  applied  to  the 
stimulable  phosphor  sheet  in  the  preliminary 
read-out  should  be  lower  than  the  stimulation 
energy  of  the  stimulating  rays  used  in  the  final 
read-out.  The  "stimulation  energy"  referred  to  in 
this  invention  means  the  effective  energy  of  the 
stimulating  rays  which  the  stimulable  phosphor 
sheet  receives  per  unit  area.  As  the  ratio  of  the 
stimulation  energy  of  the  stimulating  rays  in  the 
preliminary  read-out  to  the  stimulation  energy  of 
the  stimulating  rays  in  the  final  read-out 
approaches  one,  the  amount  of  radiation  energy 
remaining  in  the  stimulable  phosphor  sheet  after 
the  preliminary  read-out  decreases.  It  has  been 
found  that,  when  the  aforesaid  ratio  is  smaller 
than  one,  it  is  possible  to  obtain  a  radiation  image 
suitable  for  viewing,  particularly  for  diagnostic 
purposes,  by  adjusting  the  read-out  gain  to  an 
appropriate  value.  However,  in  order  to  obtain  a 
radiation,  image  having  an  improved  image 
quality,  particularly  a  high  diagnostic  efficiency 
and  accuracy,  the  aforesaid  ratio  should  prefer- 
ably  be  as  small  as  possible  insofar  as  the  image 
input  information  of  the  radiation  image  stored  in 
the  stimulable  phosphor  sheet  can  be  detected 
sufficiently  to  permit  adjustment  of  the  read-out 
gain  or  the  signal  processing  conditions,  that  is, 
insofar  as  the  light  emitted  by  the  stimulable 
phosphor  sheet  in  the  preliminary  read-out  can  be 
detected  sufficiently  for  the  above-mentioned 
purposes.  Thus,  the  aforesaid  stimulation  energy 
ratio  should  generally  be  50%  or  less,  preferably 
10%  or  less,  more  preferably  3%  or  less.  The 
lower  limit  of  this  ratio  is  determined  according  to 
the  accuracy  of  the  system  for  detecting  the  light 
emitted  by  the  stimulable  phosphor  sheet  in  the 
preliminary  read-out. 

In  order  to  make  the  stimulation  energy  of  the 
stimulating  rays  in  the  preliminary  read-out 
smaller  than  the  stimulation  energy  of  the 
stimulating  rays  in  the  final  read-out,  it  is  possible 
to  use  any  known  method.  For  example,  the 
output  level  of  the  laser  beam  source  used  in  the 
preliminary  read-out  may  be  decreased,  the  beam 
diameter  of  the  laser  beam  may  be  increased,  the 
scanning  speed  of  the  laser  beam  may  be 
increased,  or  the  moving  speed  of  the  stimulable 
phosphor  sheet  may  be  increased. 

The  preliminary  read-out  should  preferably  be 
conducted  within  one  hour  before  the  final  read- 
out  is  started.  Since  the  radiation  energy  stored  in 
the  stimulable  phosphor  sheet  decays  with  time, 
the  time  interval  between  the  preliminary  read- 
out  and  the  final  read-out  should  be  minimized  in 
order  to  effectively  use  the  image  input  infor- 
mation  obtained  in  the  preliminary  read-out  for 
the  final  read-out.  It  was  found  that  the  radiation 
energy  stored  in  the  stimulable  phosphor  sheet 
decays  to  the  largest  extent  immediately  after  a 
radiation  image  is  stored  in  the  stimulable  phos- 
phor  sheet.  Thus  approximately  10%  of  the  radi- 
ation  energy  originally  stored  in  the  stimulable 
phosphor  sheet  is  lost  within  approximately  one 
hour  after  the  radiation  image  is  stored.  There- 

after,  the  rate  of  decay  becomes  low.  On  the  other 
hand,  it  was  found  that,  when  the  difference 
between  the  amount  of  the  radiation  energy 
stored  at  the  time  of  preliminary  read-out  and  that 

5  at  the  time  of  final  read-out  is  10%  or  less,  it  is 
possible  to  obtain  a  radiation  image  having  a 
practically  sufficient  image  quality,  particularly  a 
sufficient  diagnostic  efficiency  and  accuracy,  by 
detecting  the  image  input  information  or  the 

w  radiation  image  stored  in  the  stimulable  phos- 
phor  sheet  and  adjusting  the  final  read-out  con- 
ditions  and/or  the  signal  processing  conditions  by 
use  of  the  detected  image  input  information. 
Accordingly,  when  the  time  interval  between  the 

15  preliminary  read-out  and  the  final  read-out  is  one 
hour  or  shorter,  the  difference  between  the 
amount  of  the  radiation  energy  stored  at  the  time 
of  preliminary  read-out  and  that  at  the  time  of 
final  read-out  always  becomes  10%  or  less,  and  it 

20  is  possible  to  obtain  a  visible  radiation  image 
having  a  practically  sufficient  image  quality,  par- 
ticularly  a  sufficient  diagnostic  efficiency  and 
accuracy. 

In  the  preliminary  read-out  section  2,  a  laser 
25  beam  202  emitted  by  a  Iser  beam  source  201  is 

first  passed  through  a  filter  203  for  cutting  off  the 
light  beam  having  a  wavelength  within  a  range 
identical  with  the  range  of  the  wavelength  of  the 
light  emitted  by  the  stimulable  phosphor  sheet 

30  103  upon  stimulation  thereof  by  the  laser  beam 
202.  Then,  the  laser  beam  202  is  one-dimension- 
ally  deflected  by  a  light  deflector  204  such  as  a 
galvanometer  mirror  and  directed  onto  the 
stimulable  phosphor  sheet  103  by  a  plane  reflec- 

35  tion  mirror  205.  The  laser  beam  source  201  is 
selected  so  that  the.  laser  beam  202  emitted 
thereby  has  a  wavelength  distribution  different 
from  and  far  apart  from  the  wavelength  distribu- 
tion  of  the  light  emitted  by  the  stimulable  phos- 

40  phor  sheet  103  upon  stimulation  thereof.  While 
the  laser  beam  202  impinges  upon  the  stimulable 
phosphor  sheet  103,  the  stimulable  phosphor 
sheet  103  is  moved  in  the  direction  as  indicated 
by  the  arrow  206  (i.e.  the  sub-scanning  direction) 

'45  and,  consequently,  the  whole  surface  of  the 
stimulable  phosphor  sheet  103  is  exposed  to  and 
scanned  by  the  laser  beam  202.  The  power,  beam 
diameter,  and  scanning  speed  of  the  laser  beam 
202,  and  the  moving  speed  of  the  stimulable 

so  phosphor  sheet  103  are  selected  so  that  the 
stimulation  energy  of  the  laser  beam  202  for 
preliminary  read-out  is  smaller  than  the  stimula- 
tion  energy  of  the  laser  beam  for  final  read-out. 
When  exposed  to  the  laser  beam  202,  the  stimul- 

55  able  phosphor  sheet  103  emits  light  in  proportion 
to  the  X-ray  energy  stored  therein,  and  the  emit- 
ted  light  enters  a  light  guide  member  207.  The 
light  guide  member  207  has  a  linear  light  input 
face  positioned  close  to  the  scanning  line  on  the 

60  stimulable  phosphor  sheet  103,  and  a  ring-shaped 
light  output  face  in  close  contact  with  the  light 
receiving  face  of  a  photodetector  208,  which  may 
be  a  photomultiplier.  The  light  guide  member  207 
is  fabricated  of  a  transparent  thermoplastic  resin 

65  sheet  such  as  an  acrylic  resin  sheet  so  that  the 
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ight  entering  from  the  light  input  face  can  be 
affectively  transmitted  to  the  light  output  face  by 
total  reflection  through  the  interior  of  the  light 
guide  member  207.  The  light  emitted  by  the 
stimulable  phosphor  sheet  103  upon  stimulation 
thereof  is  guided  inside  of  the  light  guide  member 
207,  emitted  from  the  light  output  face  of  the  light 
guide  member  207  and  received  by  the  photo- 
detector  208.  The  light  guide  member  207  may  be 
of  a  shape  and  a  material  as  disclosed  in  U.S. 
Patent  No.  US—  A—  4,346,296. 

The  light  receiving  face  of  the  photodetector 
208  is  provided  with  a  filter  for  transmitting  only 
the  light  having  the  wavelength  distribution  of  the 
light  emitted  by  the  stimulable  phosphor  sheet 
103  and  cutting  off  the  light  having  the 
wavelength  distribution  of  the  stimulating  rays, 
so  that  the  photodetector  208  can  detect  only  the 
light  emitted  by  the  stimulable  phosphor  sheet 
103  upon  stimulation  thereof.  The  light  thus 
detected  is  converted  into  an  electric  signal, 
which  is  then  amplified  by  an  amplifier  209  and 
sent  to  a  control  circuit  314  of  the  final  read-out 
section  3. 

On  the  basis  of  the  image  input  information 
thus  obtained,  the  control  circuit  314  calculates  an 
amplification  degree  setting  value  (a),  a  scale 
factor  setting  value  (b)  and  an  image  processing 
condition  setting  value  (c). 

The  method  of  adjusting  the  scale  factor  setting 
value  (b)  in  accordance  with  the  present  invention 
will  hereinbelow  be  described  in  detail  with  ref- 
erence  to  Figures  2,  3  and  4. 

Figure  2  is  a  plan  view  showing  the  stimulable 
phosphor  sheet  103  carrying  an  X-ray  image 
stored  therein.  An  X-ray  exposure  field  103a 
(hatched  portion  in  Figure  2)  is  limited  within  the 
stimulable  phosphor  sheet  103  when  the  X-ray 
image  is  stored  therein.  When  the  scale  factor  is 
adjusted,  one  region  within  the  X-ray  exposure 
field  103a  is  taken  as  a  region  103b  (hereinafter 
referred  to  as  the  region  B),  and  the  minimum 
amount  of  light  emitted  by  any  point  of  the  region 
B  upon  stimulation  thereof  is  compared  with  the 
minimum  amount  of  light  emitted  by  any  point  of 
the  whole  surface  (hereinafter  referred  to  as  the 
region  A)  of  the  stimulable  phosphor  sheet  103. 
The  area  of  the  region  B  should  preferably  be 
within  the  range  of  approximately  20%  to 
approximately  80%  of  the  area  of  the  region  A. 

Figure  3  is  a  graph  showing  histograms  of  the 
amounts  of  light  emitted  by  the  regions  A  and  B  at 
the  preliminary  read-out  step.  In  the  graph,  the 
curve  a'  indicates  the  histogram  at  the  region  A, 
and  the  curve  b'  indicates  the  histogram  at  the 
region  B.  Smin  A  and  Smin  B  designate  the 
minimum  stimulated  emission  intensities  in  the 
histograms  at  the  regions  A  and  B,  and  Smax 
designates  the  maximum  stimulated  emission 
intensities  in  the  histograms  (which  coincide  with 
each  other).  In  the  histogram  at  the  region  A,  light 
emission  of  low  levels  as  indicated  by  a  saw- 
toothed  curve  is  recorded  outside  of  the  exposure 
region.  The  light  emission  of  low  levels  is  caused 
by  scattered  radiation  stored  in  the  stimulable 

phosphor  sheet  103.  Since  the  light  emission  ot 
low  levels  is  recorded  in  the  histogram  at  the 
region  A,  Smin  A  in  the  histogram  at  the  region  A 
is  smaller  than  Smin  B  in  the  histogram  at  the 

5  region  B.  In  the  conventional  method  wherein  the 
scale  factor  in  the  final  read-out  is  adjusted  on  the 
basis  of  the  maximum  stimulated  emission  inten- 
sity  (Smax)  and  the  minimum  stimulated  emis- 
sion  intensity  (Smin)  among  all  points  over  the 

io  whole  surface  of  the  stimulable  phosphor  sheet, 
Smin  A  is  recorded  as  Smin.  Therefore,  in  the 
conventional  method,  an  iamge  of  high  quality 
cannot  be  obtained  by  the  final  read-out.  In  the 
method  of  adjusting  the  scale  factor  in  accord- 

15  ance  with  the  present  invention,  S  min  is  calcu- 
lated  from  (Smin  B  -  Smin  A)  as  described  below. 

By  way  of  example,  Smin  is  calculated  by 

Smin  =  Smin  B  -  f(a) 
20 

where  a  =  Smin  B  -  Smin  A.  Figure  4  shows  an 
example  of  the  function  f(a).  In  this  embodiment, 
f(a)  =  Smin  B  -  Smin  A  when  Smin  B  -  Smin  A  = 
a,  f(a)  =  a  when  a  <  Smin  B  -  Smin  A  ^  2a,  f(a)  = 

25  Smin  A  -  Smin  B  +  3a  when  2a  <  Smin  B  -  Smin 
A  =  3a,  and  f(a)  =  0  when  3a  <  Smin  B  -  Smin  A. 
Therefore,  Smin  is 

Smin  =  Smin  A  when  Smin  B  -  Smin  A  ^  a, 
30  Smin  =  Smin  B  -  a  when  a  <  Smin  B  -  Smin  A 

=§2a, 
Smin  =  2Smin  B  -  Smin  A  -  3a  when  2a  <  

Smin  B  -  Smin  A  ^  3a,  and 
Smin  =  Smin  B  when  3a  <  Smin  B  -  Smin  A. 

35 
That  is,  Smin  is  adjusted  to  be  Smin  =  Smin  A 
when  (Smin  B  -  Smin  A)  is  not  larger  than  a,  and 
Smin  =  Smin  B  when  (Smin  B  -  Smin  A)  is  larger 
than  3a.  Smin  is  gradually  changed  when  (Smin  B 

40  -  Smin  A)  is  larger  than  a  and  up  to  3a. 
For  example,  in  the  case  where  an  X-ray  image 

of  the  leg  is  recorded  and  portions  such  as  the 
knee  and  the  ankle  less  permeable  to  X-rays  are 
present  outside  of  the  regions  B,  image  infor- 

45  mation  of  such  portions  of  a  level  lower  than 
•  Smin  B  but  higher  than  Smin  A'is  recorded  in  the 

histogram  of  the  region  A.  In  such  a  case,  if 
discontinuous  points  are  generated  like  Smin  = 
Smin  A  when  Smin  B  -  Smin  A  ^  2a  and  Smin  = 

50  Smin  B  when  Smin  B  -  Smin  A  >  2a,  a  final  read- 
out  scale  fetor  which  makes  it  possible  to 
accurately  diagnose  the  images  of  the  portions 
such  as  the  knee  and  the  ankle  is  not  obtained. 
Accordingly,  it  is  necessary  to  gradually  change 

55  Smin  within  some  range  of  (Smin  B  -  Smin  A). 
By  way  of  example,  the  number  of  bits  for 

quantization  when  the  amount  of  light  emitted  by 
a  stimulable  phosphor  sheet  at  the  preliminary 
read-out  step  is  A/D  converted  to  form  a  histog- 

60  ram  is  adjusted  to  8  bits,  and  the  value  a  is 
adjusted  to  be  a  =  10QL  where  QL  denotes  the 
quantum  level.  In  this  case,  the  values  of  (Smin  B 
-  Smin  A)  at  portions  of  the  human  body  when 
the  X-ray  exposure  field  is  not  limited  are  as 

65  described  below. 
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Chest  (frontal)  0  to  a 
Chest  (lateral/tomographic)  a  to  2a 
Head  (frontal/lateral)  0  to  a 
Neck  (frontal/lateral)  1.5a  to  3a 
Limb  0  to  2.5a 

When  the  X-ray  exposure  field  is  limited,  the 
values  of  (Smin  B  -  Smin  A)  are  1.5a  or  higher, 
depending  on  the  extent  of  limitation,  and  most 
values  are  3a  or  higher.  In  the  case  where  Smin  B 
-  Smin  A  =  1.5a  to  3a  when  the  X-ray  exposure 
field  is  limited,  it  may  occur  that  the  values  of 
(Smin  B  -  Smin  A)  overlap  the  values  of  (Smin  B 
-  Smin  A)  when  the  X-ray  exposure  field  is  not 
limited.  It  is  considered  that,  in  such  a  case,  an 
image  of  a  portion  comparatively  less  permeable 
to  X-rays  is  recorded  outside  of  the  region  B. 
Accordingly,  when  the  value  of  (Smin  B  —  Smin 
A)  is  within  such  a  range,  it  is  necessary  to 
gradually  change  Smin.  For  this  reason,  the 
aforesaid  function  should  preferably  be  used. 

After  Smin  is  determined  as  described  above, 
the  scale  factor  is  adjusted  on  the  basis  of  Smin 
and  Smax. 

Reverting  to  Figure  1,  the  stimulable  phosphor 
sheet  103  for  which  the  preliminary  read-out  is 
finished  is  sent  to  the  final  read-out  section  3.  In 
the  final  read-out  section  3,  a  laser  beam  302 
emitted  by  a  laser  beam  source  301  is  first  passed 
through  a  filter  303  for  cutting  off  the  light  beam 
having  a  wavelength  within  the  range  identical 
with  the  range  of  the  wavelength  of  the  light 
emitted  by  the  stimulable  phosphor  sheet  103 
upon  stimulation  thereof  by  the  laser  beam  302. 
Then,  the  beam  diameter  of  the  laser  beam  302  is 
strictly  adjusted  by  a  beam  expander  304.  The 
laser  beam  302  is  then  deflected  by  a  light 
deflector  305  formed  of  a  galvanometer  mirror  or 
the  like,  and  is  made  to  impinge  upon  the  stimul- 
able  phosphor  sheet  103  by  a  plane  reflection 
mirror  306.  Between  the  light  deflector  305  and 
the  plane  reflection  mirror  306  is  positioned  an  f0 
lens  307  for  maintaining  the  beam  diameter  of  the 
laser  beam  302  uniform  during  the  scanning  of 
the  laser  beam  302  on  the  stimulable  phosphor 
sheet  103.  While  the  laser  beam  302  impinges 
upon  the  stimulable  phosphor  sheet  103,  the 
stimulable  phosphor  sheet  103  is  moved  in  the 
direction  as  indicated  by  the  arrow  308  (i.e.  sub- 
scanning  direction  and,  consequently,  the  whole 
area  of  the  stimulable  phosphor  sheet  103  is 
exposed  to  the  scanned  by  the  laser  beam  302. 
Upon  exposure  to  the  laser  beam  302,  the  stimul- 
able  phosphor  sheet  103  emits  light  in  proportion 
to  the  X-ray  energy  stored  therein,  and  the  light 
emitted  enters  a  light  guide  member  309  which  is 
made  of  the  same  material  and  has  the  same 
configuration  as  those  of  the  light  guide  member 
207  used  for  the  preliminary  read-out.  The  light 
emitted  by  the  stimulable  phosphor  sheet  103  is 
guided  inside  of  the  light  guide  member  309 
through  total  reflection,  emitted  from  the  light 
output  face  of  the  light  guide  member  309  and 
received  by  a  photodetector  310.  The  light  receiv- 
ing  face  of  the  photodetector  310  is  closely  con- 

tacted  with  a  filter  for  selectively  transmitting  only 
the  light  having  the  wavelength  distribution  of  the 
light  emitted  by  the  stimulable  phosphor  sheet 
103,  so  that  the  photodetector  310  can  detect  only 

5  the  light  emitted  thereby. 
The  light  emitted  by  the  stimulable  phosphor 

sheet  103  and  detected  by  the  photodetector  310 
in  the  final  read-out  is  converted  into  an  electric 
signal,  amplified  to  an  appropriate  level  by  an 

10  amplifier  311  the  sensitivity  of  which  has  been 
adjusted  by  the  amplification  degree  setting  value 
(a),  and  then  sent  to  the  A/D  converter  312.  In  the 
A/D  converter  312,  the  electric  signal  is  converted 
into  a  digital  signal  by  use  of  a  scale  factor  which 

15  has  been  set  by  the  scale  factor  setting  value  (b) 
adjusted  by  the  method  of  the  present  invention 
to  suit  the  width  of  signal  fluctuation.  The  digital 
signal  thus  obtained  is  sent  to  a  signal  processing 
circuit  313,  in  which  it  is  processed  on  the  basis  of 

20  the  image  processing  condition  setting  value  (c) 
so  as  to  obtain  a  radiation  image  suitable  for 
viewing,  particularly  for  diagnostic  purposes.  The 
electric  image  signal  obtained  by  the  signal  pro- 
cessing  circuit  313  is  sent  to  a  light  modulator  401 

25  at  the  image  reproducing  section  4.  As  for  the 
signal  processing,  it  is  possible  to  employ  a 
frequency  processing  as  disclosed  in  U.S.  Patent 
No.  US—  A—  4,315,318,  US—  A—  4,346,295  or 
US—  A  —  4,387,428,  or  European  Patent  Publica- 

30  tion  No.  EP  —  A  —  31,952,  and  a  gradation  pro- 
cessing  as  disclosed  in  U.S.  Patent  No. 
US—  A—  4,302,672,  US—  A—  4,276,473  or 
US—  A—  4,310,886. 

In  the  image  reproducing  section  4,  a  laser 
35  beam  403  emitted  by  a  reproducing  laser  beam 

source  402  is  modulated  by  the  light  modulator 
401  on  the  basis  of  the  electric  image  signal,  and 
is  made  to  impinge  upon  a  photosensitive 
material  405  such  as  a  photographic  film  by  a 

40  scanning  mirror  404  for  scanning  the  photo- 
sensitive  material  405  by  the  laser  beam  403.  At 
this  time,  the  photosensitive  material  405  is 
moved  normal  to  the  scanning  direction,  i.e.  in 
the  direction  as  indicated  by  the  arrow  406. 

45  Accordingly,  the  radiation  image  is  recorded  in 
the  photosensitive  material  405.  For  reproducing 
the  radiation  image,  it  is  also  possible  to  use  any 
other  method.  For  example,  the  final  signal 
obtained  at  the  final  read-out  section  3  may  be 

so  electronically  displayed  on  a  display  device  such 
as  a  CRT,  or  the  final  radiation  image  may  be 
recorded  by  use  of  a  video  tape  recorder  or  a 
printer.  Alternatively,  the  radiation  image  may  be 
reproduced  on  a  thermosensitive  recording 

55  material  by  use  of  heat  waves. 
Of  course,  the  method  of  adjusting  the  scale 

factor  for  a  radiation  image  in  accordance  with 
the  present  invention  is  not  limited  to  the  use  in 
the  X-ray  image  recording  and  reproducing 

so  system  as  described  above  but  can  be  applied  to 
modified  forms  of  the  aforesaid  system. 

For  example,  the  method  of  the  present  inven- 
tion  can  also  be  applied  to  a  system  provided  with 
a  single  read-out  apparatus  which  is  used  for  the 

65  preliminary  read-out  and  the  final  read-out. 
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It  is  also  possible  to  replace  the  laser  beam 
sources  201  and  301  for  emitting  the  stimulating 
ays  by  LED  arrays  having  a  wavelength  range 
different  from  that  of  the  light  emitted  by  the 
stimulable  phosphor  sheet  upon  stimulation 
hereof.  In  this  case,  the  light  deflectors  204  and 
505  may  be  omitted. 

Further,  instead  of  the  photodetectors  208  and 
310  provided  with  the  light  guide  members  207 
and  309,  respectively,  it  is  also  possible  to  use  a 
inear  sensor  comprising  a  plurality  of  photo- 
nultipliers  or  phototransistors  positioned  along  a 
straight  line  in  the  main  scanning  direction. 

Also,  the  function  used  for  calculating  Smin  is 
not  limited  to  the  one  as  described  above.  It  may, 
3f  course,  be  changed  in  accordance  with  the 
mage  recording  portion  of  an  object,  the  image 
recording  conditions,  the  configuration  of  the 
read-out  apparatus,  or  the  like. 

Claims 

1.  A  method  of  determining  a  scale  factor  for 
gradation  processing  a  radiation  image  stored  in  a 
stimulable  phosphor  sheet  (103)  which  method 
comprises  the  steps  of  conducting  a  final  read-out 
of  said  radiation  image  by  exposing  a  stimulable 
phosphor  sheet  (103)  carrying  said  radiation 
image  stored  therein  to  stimulating  rays  (302) 
which  cause  the  stimulable  phosphor  sheet  (103) 
to  emit  light  in  proportion  to  the  stored  radiation 
energy,  and  photoelectrically  detecting  the  emit- 
ted  light  to  produce  signals  used  to  reproduce  a 
visible  image,  and  prior  to  the  final  read-out, 
conducting  a  preliminary  read-out  for  detecting 
the  radiation  image  stored  in  the  stimulable  phos- 
phor  sheet  (103)  by  use  of  stimulating  rays  (202) 
having  a  stimulation  energy  lower  than  the  stimu- 
lation  energy  of  stimulating  rays  used  during  the 
final  read-out,  deriving  the  scale  factor  from  the 
electric  signals  obtained  during  the  preliminary 
read-out  and  applying  said  scale  factor  to  the 
signals  produced  during  the  final  read-out,  charac- 
terised  in  that  the  method  of  determining  said 
scale  factor  also  comprises  the  steps  of: 

i)  during  the  preliminary  read-out,  measuring 
the  minimum  stimulated  emission  intensity  Smin 
A  among  all  points  over  the  whole  surface  of  said 
stimulable  phosphor  sheet  (103)  and  the  minimum 
stimulated  emission  intensity  Smin  B  among  all 
points  in  one  region  (103a)  within  a  radiation 
exposure  field  of  said  stimulable  phosphor  sheet 
(103)  at  the  time  of  the  radiation  image  recording, 
and 

ii)  determining  the  scale  factor  for  the  final  read- 
out  on  the  basis  of  a  minimum  stimulated  emis- 
sion  intensity  Smin  and  of  the  maximum  stimu- 
lated  emission  intensity  Smax,  which  minimum 
stimulated  emission  intensity  Smin  is  a  function  of 
the  difference  between  the  measured  minimum 
stimulated  emission  intensities  Smin  A  and  Smin 
B. 

2.  The  method  according  to  claim  1,  charac- 
terised  in  that  the  area  of  said  one  region  (103a) 
within  a  radiation  exposure  field  of  said  stimulable 

phosphor  sheet  (103)  is  within  the  range  ot  aoout 
20%  to  about  80%  of  the  area  of  the  whole  surface 
of  said  stimulable  phosphor  sheet  (103). 

3.  The  method  according  to  claim  1,  charac- 
5  terised  in  that  said  minimum  stimulated  emission 

intensity  Smin  is  calculated  by 

Smin  =  Smin  B  -  F  (a) 
a  =  Smin  B  -  Smin  A 

ro 
4.  The  method  according  to  any  one  of  the 

preceding  claims,  characterised  in  that  said  pre- 
liminary  read-out  is  conducted  within  one  hour 
before  said  final  read-out  is  started. 

15  5.  The  method  according  to  any  one  of  claims  1 
to  3,  characterised  in  that  said  preliminary  read- 
out  and  said  final  read-out  are  conducted  by 
scanning  said  stimulable  phosphor  sheet  (103) 
with  respective  stimulating  rays. 

20  6.  The  method  according  to  any  one  of  claims  1 
to  3,  characterised  in  that  said  stimulating  rays  in 
said  preliminary  read-out  and  said  final  read-out 
are  laser  beams  (202,  203). 

25  Patentanspruche 

1.  Verfahren  zum  Bestimmen  eines  Skalenfak- 
tors  zur  Gradationsverarbeitung  eines  in  einem 
anregbaren  Leuchtstoffblatt  (103)  gespeicherten 

30  Strahlungsbildes,  welches  Verfahren  die  Schritte 
umfaBt,  ein  endgiiltiges  Auslesen  des  genannten 
Strahlungsbildes  durchzufuhren,indemeinanreg- 
bares  Leuchtstoffblatt  (103),  welches  in  sich  das 
genannte  Strahlungsbild  gespeichert  tragt, 

35  Anregungsstrahlen  (302)  ausgesetzt  wird,  welche 
bei  dem  anregbaren  Leuchtstoffblatt  (103)  bewir- 
ken,  daB  es  Licht  proportional  zu  der  gespeicher- 
ten  Energie  emittiert,  photoelektrisch  das  emit- 
tierte  Licht  zu  erfassen,  um  zum  Wiedergeben 

40  eines  sichtbaren  Bildes  verwendete  Signale  zu 
erzeugen,  und  vor  dem  endgultigen  Auslesen  ein 
vorlaufiges  Auslesen  durchzufuhren,  um  das  in 
dem  anregbaren  Leuchtstoffblatt  (103)  gespei- 
cherte  Strahlungbild  durch  Verwendung  von 

45  Anregungsstrahlen  (202)  zu  erfassen,  die  eine 
geringerere  Anregungsenergie  als  die  Anregungs- 
energie  der  Anregungsstrahlen  aufweisen,  welche 
wahrend  des  endgultigen  Auslesens  verWendet 
werden,  den  Skalenfaktor  von  den  elektischen 

so  Signalen  abzuleiten,  welche  wahrend  des  vorlaufi- 
gen  Auslesens  erhalten  wurden,  und  Anwenden 
des  genannten  Skalenfaktors  auf  die  wahrend  des 
endgultigen  Auslesens  erzeugten  Signale, 
dadurch  gekennzeichnet,  daB  das  Verfahren  zum 

55  Bestimmen  des  genannten  Skalenfaktors  auch  die 
Schritte  umfaBt: 

i)  wahrend  des  vorlaufigen  Auslesens  die  mini- 
male,  angeregte  Emissionsintensitat  Smin  A  bei 
alien  Punkten  auf  der  gesamten  Oberflache  des 

60  genannten  anregbaren  Leuchtstoffblatts  (103)  und 
die  minimale,  angeregte  Emissionsintensitat  Smin 
B  bei  alien  Punkten  in  einem  Bereich  innerhalb 
eines  Strahlungsbelichtungsfeldes  des  genannten 
anregbaren  Leuchtstoffblatts  (103)  zum  Zeitpunkt 

65  der  Strahlungsbildaufzeichnung  zu  messen,  und 
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ii)  den  Skalenfaktor  fur  das  endgiiltige  Auslesen 
auf  der  Basis  einer  minimalen  angeregten 
Emissionsintensitat  Smin  und  der  maximalen 
angeregten  Emissionsintensitat  Smax  zu  bestim- 
men,  wobei  die  minimale  angeregte  Emissions- 
intensitat  Smin  eine  Funktion  des  Unterschiedes 
zwischen  den  gemessenen  minimalen  anregba- 
ren  Emissionsintensitaten  Smin  A  und  Smin  B  ist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  Flache  des  genannten  einen 
Bereichs  (103a)  innerhalb  eines  Strahlungs- 
belichtungsfeldes  des  genannten  anregbaren 
Leuchtstoffblatts  (103)  innerhalb  des  Bereichs  von 
ungefahr  20%  bis  ungefahr  80%  der  Flache  der 
gesamten  Oberflache  des  genannten  anregbaren 
Leuchtstoffblatts  (103)  liegt. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  dalS  die  genannte  minimale,  angeregte 
Emissionsintensitat  Smin  berechnet  wird  durch 

Smin  =  Smin  B  -  F  (a) 
a  =  Smin  B  -  Smin  A 

4.  Verfahren  nach  irgendeinem  der  vorherge- 
henden  Anspruche,  dadurch  gekennzeichnet,  dalS 
das  genannte  vorlaufige.  Auslesen  innerhalb  einer 
Stunde  durchgefuhrt  wird,  bevor  mit  dem 
genannten  endgultigen  Auslesen  begonnen  wird. 

5.  Verfahren  nach  irgendeinem  der  Anspruche  1 
bis  3,  dadurch  gekennzeichnet,  daB  das  genannte 
vorlaufige  Auslesen  und  das  genannte  endgultige 
Auslesen  durchgefuhrt  werden  konnen,  indem 
das  genannte  anregbare  Leuchtstoffblatt  (103)  mit 
entsprechenden  Anregungsstrahlen  abgetastet 
wird. 

6.  Verfahren  nach  irgendeinem  der  Anspruche  1 
bis  3,  dadurch  gekennzeichnet,  dalS  die  genann- 
ten  Anregungsstrahlen  bei  dem  genannten  vor- 
laufigen  Auslesen  und  dem  genannten  endgulti- 
gen  Auslesen  Laserbundel  (202,  203)  sind. 

Revendications 

1.  Procede  de  determination  d'un  facteur 
d'echelle  pour  le  traitement  de  gradation  d'une 
image  de  rayonnement  emmagasinee  dans  une 
feuille  luminescente  stimulable  (103),  ce  procede 
comprenant  les  operations  d'execution  d'une  lec- 
ture  finale  de  ladite  image  de  rayonnement  par 
exposition  d'une  feuille  luminescente  stimulable 
(103)  dans  laquelle  est  emmagasinee  ladite  image 
de  rayonnement  a  des  rayons  de  stimulation  (302) 
qui  provoquent  I'emission  par  la  feuille  lumines- 
cente  stimulable  (103)  d'une  lumiere  proportion- 
nelle  a  I'energie  de  rayonnement  emmagasinee, 
et  de  detection  photoelectrique  de  la  lumiere 
emise  de  maniere  a  produire  des  signaux  utilises 
pour  reproduire  une  image  visible,  et,  avant  la 
lecture  finale,  d'execution  d'une  lecture  prelimi- 
naire  pour  detecter  I'image  de  rayonnement 

emmagasinee  dans  la  feuille  luminescente  stimu- 
lable  (103),  au  moyen  de  rayons  de  stimulation 
(202)  ayant  une  energie  de  stimulation  inferieure 
a  I'energie  de  stimulation  des  rayons  de  stimula- 

5  tion  utilises  pendant  la  lecture  finale,  de  determi- 
nation  du  facteur  d'echelle  a  partir  des  signaux 
electriques  obtenus  pendant  la  lecture  prelimi- 
naire  et  d'application  dudit  facteur  d'echelle  aux 
signaux  produits  pendant  la  lecture  finale, 

10  caracterise  en  ce  que  le  procede  de  determination 
dudit  facteur  d'echelle  comprend  egalement  les 
operations  de: 

i)  pendant  la  lecture  preliminaire,  mesure  de 
I'intensite  d'emission  stimulee  minimale  Smin  A 

15  parmi  tous  les  points  surtoute  la  surface  de  ladite 
feuille  luminescente  stimulable  (103)  et  de  I'inten- 
site  d'emission  stimulee  minimale  Smin  B  parmi 
tous  les  points  d'une  region  (103a)  dans  un 
champ  d'exposition  au  rayonnement  de  ladite 

20  feuille  luminescente  stimulable  (103)  au  moment 
de  I'enregistrement  d'image  de  rayonnement,  et 

ii)  determination  du  facteur  d'echelle  pour  la 
lecture  finale  sur  la  base  d'une  intensite  d'emis- 
sion  stimulee  minimale  Smin  et  de  I'intensite 

25  d'emission  stimulee  maximale  Smax,  cette  inten- 
site  d'emission  stimulee  minimale  Smin  etant  une 
fonction  de  la  difference  entre  les  intensites 
d'emission  stimulee  minimales  mesurees  Smin  A 
et  Smin  B. 

30  2.  Procede  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  la  surface  de  ladite  region  (103a) 
dans  un  champ  d'exposition  au  rayonnement  de 
ladite  feuille  luminescente  stimulable  (103)  est 
dans  la  plage  de  20%  environ  a  80%  environ  de  la 

35  surface  totale  de  ladite  feuille  luminescente  sti- 
mulable  (103). 

3.  Procede  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  ladite  intensite  d'emission  stimulee 
minimale  Smin  est  calculee  par 

40 
Smin  =  Smin  B  -  F  (a) 
a  =  Smin  B  —  Smin  A 

4.  Procede  suivant  Tune  quelconque  des  reven- 
45  dications  precedentes,  caracterise  en  ce  que 

ladite  lecture  preliminaire  est  effectuee  dans  la 
limite  d'une  heure  avant  le  debut  de  ladite  lecture 
finale. 

5.  Procede  suivant  I'une  quelconque  des  reven- 
50  dications  1  a  3,  caracterise  en  ce  que  ladite  lecture 

preliminaire  et  ladite  lecture  finale  sont  effectuees 
par  balayage  de  ladite  feuille  luminescente  stimu- 
lable  (103)  avec  des  rayons  de  stimulation  respec- 
tifs. 

55  6.  Procede  suivant  I'une  quelconque  des  reven- 
dications  1  a  3,  caracterise  en  ce  que  lesdits 
rayons  de  stimulation  dans  ladite  lecture  prelimi- 
naire  et  ladite  lecture  finale  sont  des  faisceaux 
laser  (202,  203). 

60 
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