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©  Method  and  apparatus  for  microscopic  imaging. 

©  The  object  of  the  invention  is  a  method  used  in  image  analysis  for  delimitation  of  a  field  (12)  in  the 
digitized  image  of  an  object.  The  image  is  observed  by  means  of  a  microscope  (28).  The  image  of  the 
object  is  obtained  with  a  digitizing  camera  (38,  48)  and,  without  changing  the  position  or  location  of  the 
camera  or  the  object,  two  or  more  digital  images  or  analogical  images  that  are  digitized  are  taken  of  the 
object  to  be  imaged.  At  least  one  field  (12)  of  the  object  to  imaged  is  delimited  on  the  basis  of  digital 
delimitation  information  obtained  from  one  or  more  images,  and  one  or  more  delimited  fields  of  the 
object  to  be  imaged  are  analyzed  on  the  basis  of  delimitation  information  obtained  from  one  image. 
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This  invention  relates  to  a  method  used  in  image  analysis  for  delimitation  of  a  field  in  the  digitized  image 
of  an  object,  in  which  method  the  image  is  observed  by  means  of  an  observation  device,  such  as  e.g.  a  mi- 
croscope,  and  the  image  of  the  object  is  obtained  with  a  detector,  such  as  a  digitizing  camera. 

In  image  analysis,  segmentation  refers  to  delimitation  of  the  field  of  interestfromthe  background.  Typically, 
5  areas  are  delimited  from  the  image  field  of  the  digitized  image  on  the  basis  of  the  signal  level.  Segmentation 

is  used  in  situations  such  as  studies  of  labelled  objects  including  cells  and  particles,  e.g.  studies  of  lumines- 
cence  of  spherical  microparticles.  In  practice,  it  is  helpful,  if  luminescence  measurement  of  an  image  containing 
objects  can  be  carried  out  with  attention  directed  to  the  objects  alone,  disregarding  any  fields  between  the 
objects. 

10  Segmentation  can  be  carried  out  when  the  signal  of  the  object  is  different  from  the  background  signal. 
The  simplest  and  most  common  method  of  segmentation  is  what  is  known  as  the  thresholding  method.  In  this 
method  any  picture  elements  above  a  set  limit  value  are  regarded  as  belonging  to  the  object.  The  limit  value 
should  be  set  so  high  that  background  noise  also  remains  below  the  set  limit  value. 

A  microscope  can  be  used  to  study  objects,  such  as  cells  and  particles,  by  studying  the  luminescence  of 
15  the  objects,  i.e.  by  studying  what  kind  of  light  they  emit  when  the  specimen  is  exposed  to  excitation  light.  By 

changing  the  method  of  excitation  and  the  properties  of  the  excitation  light  and  by  labelling  objects,  objects 
with  different  properties  can  be  distinguished  from  one  another.  By  means  of  labels,  specific  elements  can 
be  distinguished  in  the  specimens  of  interest  in  them,  and  the  concentrations  of  substances  of  interest  can 
also  be  determined. 

20  Luminescence  measurement  can  be  simultaneous,  or  immediate,  hereinafter  referred  to  as  'prompt'. 
Prompt  measurement  is  used  to  measure  the  light  emitted  immediately  by  the  specimen,  which  is  emitted  si- 
multaneously  or  at  least  almost  simultaneously  with  the  excitation  light.  The  excitation  light  beam  may  be  con- 
tinuous  or  it  can  be  applied  as  one  or  more  light  pulses. 

Luminescence  measurement  may  also  be  delayed,  or  time-resolved.  Time-resolved  luminescence  is  here- 
25  inafter  referred  to  as  TR  measurement,  from  the  English  word  'time-resolved'.  In  this  method  the  light  emitted 

by  the  specimen  after  excitation  by  the  excitation  light  pulse  is  measured  after  a  time  interval.  The  purpose 
of  this  method  is  to  measure  the  luminescence  deriving  from  the  label,  without  allowing  luminescence  emitted 
by  the  object  itself  to  affect  the  result  of  the  measurement.  Therefore,  the  label  is  usually  an  agent  emitting 
long-lived  luminescence  so  that  in  time-resolved,  i.e.  TR,  measurement  the  short-lived  luminescence  emitted 

30  by  the  object  has  already  decayed. 
Time-resolved  TR  fluorescence  measurement  methods  have  been  presented  for  example  in  applicant  ear- 

lier  US  patents  4,565,790  and  4,808,541  .  In  the  present  context,  however,  luminescence  measurement  refers 
more  generally  to  all  the  various  methods  of  measuring  light  emissions,  e.g.  also  phosphorescence.  Lumines- 
cence  has  been  discussed  in  publications  such  as  George  G.  Guilbault:  "Practical  Fluorescence",  Marcel  Dek- 

35  ker,  New  York  1973,  pages  2-7  in  the  section  titled  "Types  of  Luminescence". 
Analyses  of  digitized  images  have  shown  that  differences  in  signal  levels  between  objects  can  be  so  great 

that  it  is  impossible  to  distinguish  objects  emitting  low  levels  of  signals  from  the  background.  Thus  it  has  been 
found  necessary  to  develop  segmentation  methods.  The  following  is  a  presentation  of  a  novel  method  of  seg- 
mentation,  which  is  considerably  more  effective  than  the  prior  art  methods. 

40  This  invention  relates  to  the  development  of  a  method  which  permits  delimitation  in  an  image  of  a  field  or 
fields  which  contain  the  signal  to  be  analyzed,  with  the  result  that  optimally  true  and  objective  information  is 
obtained  even  when  the  signal  levels  obtained  on  the  basis  of  the  selection  criterion  are  low. 

It  is  characteristic  of  the  method  relating  to  the  invention 
-  that,  without  changing  the  position  or  location  of  the  camera  or  the  object,  two  or  more  digital  images 

45  or  analogical  images  to  be  digitized  are  obtained  of  the  object  to  be  imaged; 
-  that  on  the  basis  of  digital  delimitation  information  obtained  from  at  least  one  image,  at  least  one  field 

of  the  object  to  be  imaged  is  segmented; 
-  and  that  at  least  one  image  is  analyzed  on  the  basis  of  digital  delimitation  information  obtained  from 

another  image  or  other  images. 
50  For  such  measurement,  two  separate  luminescence  events  can  be  used  so  that  segmentation  is  based 

on  one  event  and  the  actual  measurement  of  the  object  is  based  on  the  otherevent.  Thus,  for  example,  a  Prompt 
luminescence  image  can  be  used  for  segmentation  in  time-resolved  fluorescence  microscopy.  The  Prompt  im- 
age  shows  luminescence  emitted  by  rapid  labelling  of  cellular  proteins  or  particles,  and  delimitation  of  these 
fields  helps  to  define  the  location  and  size  of  objects.  Practical  measurements  may  be  carried  out,  for  example, 

55  in  such  a  way  that  a  time-resolved  TR  image  is  obtained  of  the  specimen  and  stored  in  a  computer  memory. 
Then,  a  Prompt  image  is  obtained  and  stored  likewise.  Afterwards,  segmentation  is  carried  out  on  the  basis 
of  the  Prompt  image,  and  the  TR  image  in  the  computer  memory  is  analyzed  on  the  basis  of  segmentation 
from  the  Prompt  image. 

2 



EP  0  626  575  A1 

Correspondingly,  segmentation  may  be  carried  out  on  microparticles  with  a  rapid  fluorescent  labelling 
agent  on  their  surfaces  or  within  them.  This  label  does  not  participate  in  any  biospecific  reaction  with  the  en- 
vironment;  instead,  it  serves  the  purpose  of  segmentation,  for  example.  In  this  case,  a  time-resolved  fluores- 
cence  emitting  label  is  used  for  the  biospecific  signal  to  be  analyzed. 

5  One  essential  advantage  of  the  method  according  to  the  invention  is  that  any  mechanical  or  optical  dis- 
turbances  of  the  measuring  system  are  minimized.  This  is  due  to  the  fact  that  the  TR  and  Prompt  images  of 
the  specimen  are  obtained  in  such  a  way  that  it  is  unnecessary  to  touch  the  specimen,  camera  or  any  optical, 
mechanical,  electronic  and  other  components  between  them  during  the  process.  When  many  images  are  ob- 
tained,  only  electronic  control  equipment  need  be  used,  which  does  not  mechanically,  optically  or  magnetically 

10  interfere  with  the  imaging.  An  error  can  only  occur  in  the  time  intervals  between  images,  but  this  error  can 
also  be  minimized. 

The  method  can  be  implemented  through  several  alternative  applications.  One  application  involves  ob- 
taining  read-outs  from  one  image  of  the  light  intensity  emitted  from  at  least  one  delimited  field  on  the  basis 
of  the  delimitation  information  given  by  one  or  more  images.  At  desired  time  intervals,  two  or  more  images 

15  are  obtained  with  the  same  detector,  e.g.  a  camera,  and  at  least  one  delimited  field  is  analyzed  on  the  basis 
of  delimitation  information  from  at  least  one  image.  However,  segmentation  and  analysis  are  always  carried 
out  for  different  images. 

If  two  separate  measuring  channels,  or  two  probes,  or  one  probe  capable  of  obtaining  two  separate  images 
are  available,  two  or  more  detectors  such  as  cameras  are  used  to  take  simultaneously  or  at  desired  time  in- 

20  tervals  two  or  more  images,  one  of  which  is  analyzed  as  regards  at  least  one  delimited  field  on  the  basis  of 
delimitation  information  from  other  images.  To  distinguish  between  data  from  different  images,  different  wa- 
velengths  of  light  can  be  used  for  different  images. 

In  practice,  a  microscope  and  one  or  more  cameras  are  used  to  image  light  emissions  from  the  object  of 
interest  caused  by  one  or  more  excitation  events,  such  as  an  excitation  light  pulse  or  a  series  of  pulses,  so 

25  that  at  least  two  images  are  obtained,  at  desired  time  intervals,  with  one  or  more  detectors,  of  the  luminescence 
caused  by  excitation  light  pulses,  such  as  phosphorescence  or  fluorescence,  and  that  in  one  image  a  read- 
out  of  light  intensity  is  obtained  for  at  least  one  delimited  field  on  the  basis  of  delimitation  information  from 
one  or  more  images. 

An  alternative  method  is  to  obtain  at  least  two  images  simultaneously  with  two  or  more  detectors  of  lumi- 
30  nescence,  such  as  phosphorescence  or  fluorescence,  caused  by  one  or  several  excitation  events. 

When  a  fluorescence  microscope  equipped  with  an  auxiliary  TR  unit  is  available,  the  fluorescence  micro- 
scope  is  first  used  to  obtain  an  image  exposed  by  means  of  time  windows  opened  after  an  excitation  light  pulse 
or  a  time  difference  following  several  pulses  or,  in  other  words,  a  TR  fluorescence  image,  which  is  digitized 
and  stored  in  a  computer  memory.  Additionally,  at  least  one  immediate,  or  prompt,  luminescence  image  is  ob- 

35  tained  which  is  used  for  segmentation,  that  is  for  determination  of  the  fields  to  be  delimited.  This  delimitation 
information  is  then  used  for  analysis  of  the  delimited  fields  from  the  digitized  TR  fluorescence  image  which 
was  obtained  earlier  and  stored  in  the  computer  memory,  Any  error  due  to  a  change  in  the  position  or  location 
of  the  camera  or  the  object  is  corrected  by  superimposing  one  digitized  image  on  the  other  by  means  of  a  com- 
puter,  e.g.  by  using  a  suitable  degree  of  horizontal  shift. 

40  The  advantages  of  the  method  according  to  the  invention  are  greatest  when  specific  signal  levels  used  in 
the  measurements  are  low,  i.e.  when  high  sensitivity  is  required  or  signal  levels  are  close  to  the  detection  limit. 
When  the  specific  signal  levels  are  high,  there  is  no  need  to  use  the  method  according  to  the  invention,  and 
the  method  is  not  necessarily  very  useful.  The  method  accoraing  to  the  invention  is  not  specifically  tied  to  the 
label  used.  In  time-resolved  fluorescence  microscopy,  the  method  can  be  applied  to  measuring  e.g.  europium 

45  fluorescence  with  a  microscope. 
The  invention  also  relates  to  apparatus  used  in  image  analysis  for  the  delimitation  of  a  field  in  the  image 

of  the  object,  which  apparatus  incorporates  an  observation  instrument,  such  as  a  microscope,  and  a  detector, 
such  as  a  camera. 

It  is  characteristic  of  the  apparatus  relating  to  the  invention  that  the  apparatus  incorporates  a  microscope, 
so  at  least  one  camera  and  another  apparatus  that  passes  at  least  part  of  the  image  information  to  one  or  several 

cameras,  and  an  analyzing  unit  which  uses  at  least  one  image  to  delimit  at  least  one  field  of  the  object  and, 
on  the  basis  of  delimitation  information,  targets  at  least  one  delimited  field  in  another  image  for  image  analysis. 

The  implementation  of  the  apparatus  includes  several  alternative  embodiments.  According  to  one  embodi- 
ment,  the  apparatus  incorporates  one  camera  and  a  filtering  unit  incorporating  at  least  two  changeable  filters 

55  which  permit  obtaining  two  or  more  images  filtered  in  different  ways  and  obtained  at  desired  time  intervals. 
According  to  another  embodiment,  the  apparatus  incorporates  a  camera  to  which  only  one  optical  path 

has  been  directed,  and  in  the  camera  or  outside  it  a  filtering  unit  incorporating  two  or  more  layers  which  are 
semi-conducting  layers,  or  other  layers  with  good  separation  ability  which  permit  imaging  simultaneously  or 
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at  desired  time  intervals  and  filtering  the  images  in  at  least  two  different  ways. 
Furthermore,  several  detector  heads  may  be  used,  in  which  5  case  the  apparatus  incorporates  two  cam- 

eras  and  a  beam  splitter,  which  splits  image  information  from  the  object  into  two  parts  for  the  cameras,  and 
at  least  one  of  the  cameras  is  equipped  with  a  fast  shutter  or  a  corresponding  gatable  image  intensifies 

5  In  practice,  the  apparatus  often  incorporates  a  fluorescence  microscope,  at  least  one  camera  and  a  com- 
puter,  in  the  memory  of  which  can  be  stored  a  time-resolved  TR  fluorescence  image,  exposed  and  digitized 
after  a  time  interval  following  an  excitation  pulse.  The  computer  has  also  been  equipped  for  analysis  of  the 
Prompt  fluorescence  image,  which  is  used  to  determine  fields  to  be  delimited  for  analysis,  i.e.  the  segmentation 
image.  The  delimitation  information  obtained  in  this  manner  is  used  to  analyze  the  delimited  fields  of  the  com- 

10  puter-stored,  digitized  TR  fluorescence  image.  The  Prompt  image  can  be  exposed  on  the  basis  of  either  data 
obtained  simultaneously  from  the  same  pulse  or  different  pulses  in  the  same  connection,  before  or  after  the 
TR  image. 

The  invention  is  described  in  the  following  using  examples,  with  reference  to  the  accompanying  drawings, 
in  which 

15  Figure  1  shows  schematically  the  image  of  a  specimen  emitting  long-lived  fluorescence  and  obtained  by 
means  of  a  microscope. 

Figure  2  corresponds  to  Figure  1  and  shows  the  image  of  a  specimen  emitting  short-lived  fluorescence 
and  obtained  by  means  of  a  microscope. 

Figure  3  is  an  axonometric  three-dimensional  projection  of  the  intensity  surface  of  a  Prompt  image. 
20  Figure  4  shows  a  section  of  Figure  3  along  line  IV-IV. 

Figure  5  shows  Figure  2  segmented  in  the  manner  shown  in  Figures  3  and  4. 
Figure  6  is  an  analysis  of  Figure  1  by  means  of  segmentation  according  to  Figure  5. 
Figure  7  shows  schematically  the  shutter  function  in  microscopic  imaging. 
Figure  8  shows  the  shutter  plate  of  Figure  6  seen  from  above. 

25  Figure  9  is  a  schematic  side  view  of  the  microscope  used  in  time-resolved  TR  fluorescence  imaging. 
Figure  10  corresponds  to  Figure  9  and  shows  the  microscope  used  in  immediate  Prompt  fluorescence  im- 

aging. 
Figure  11  corresponds  to  Figure  9  and  shows  the  microscope  used  in  absorption  imaging. 
Figure  12  shows  a  microscope  which  is  suitable  for  Prompt,  TR  and  absorption  imaging. 

30  Figure  13  is  a  schematic  presentation  of  the  imaging  principle  of  a  parallel  detector. 
Figure  14  is  a  schematic  presentation  of  the  imaging  principle  of  a  serial  detector. 
Figure  15  is  a  schematic  presentation  of  the  intensity  of  the  luminescence  pulse  as  a  function  of  time  and 

a  method  for  the  measurement  of  the  pulse. 
Figure  16  is  a  schematic  presentation  of  a  second  method  for  measurement  of  the  luminescence  pulse. 

35  Figure  17  is  a  schematic  presentation  of  a  third  method  for  measurement  of  the  luminescence  pulse. 
Figure  1  shows  the  digitized  image  20  of  specimen  10  emitting  long-lived  fluorescence  and  obtained  by 

means  of  TR  fluorescence  measurement.  Long-lived  fluorescence  in  this  context  means  a  fluorescence  event 
where  the  duration  of  the  excitation  state,  i.e.  duration  of  the  fluorescence  light  emitted  by  the  specimen,  is 
of  the  magnitude  of  microseconds  (us  =  10"6  s)  and  milliseconds  (ms  =  10"3  s).  In  time-resolved  fluorescence 

40  measurement,  an  excitation  light  pulse  is  applied  to  the  specimen,  and  the  measurement  is  based  on  measuring 
after  a  desired  time  interval  the  light  which  is  still  emitted  by  the  specimen  after  the  time  interval.  In  Figure  1, 
europium  has  been  used  as  the  label. 

Figure  1  is  a  microscopic  image  as  seen  in  the  monitor.  For  the  sake  of  clarity,  the  image  has  been  reversed 
in  such  a  way  that  the  fields  with  higher  intensity,  i.e.  the  lighter  fields,  are  shown  as  darker.  Light  intensities 

45  in  picture  elements,  or  pixels,  due  to  the  excitation  light  pulse,  show  great  variations.  In  addition  to  clearly  no- 
ticeable  concentrations  11,  image  20  also  shows  scattered  smaller  concentrations  and  dot-like  areas  due  to 
background  noise.  In  this  example,  concentrations  11  illustrate  objects,  such  as  cells  or  particles,  with  the  eu- 
ropium  label.  When  the  image  is  examined,  the  intensity  of  fluorescence  deriving  from  the  europium  label  is 
measured  in  the  field  of  each  object.  In  the  process,  the  intensity  levels  of  pixels  21  randomly  scattered  outside 

so  the  objects  cause  an  error  in  the  measurement  result,  especially  in  the  immediate  vicinity  of  the  objects,  unless 
they  can  be  excluded  from  the  measurement. 

The  prior  art  methods  have  been  used  in  time-resolved,  or  TR,  fluorescence  measurements  to  study  digi- 
tized  images  20  of  specimen  10  with  long-lived  fluoresence,  as  shown  in  Figure  1,  so  that  concentrations  11 
in  the  image  are  segmented,  that  is  delimited,  and  then  measured.  When  only  the  intensities  of  fields  within 

55  the  delimited  concentrations  are  measured,  the  intensities  of  random  pixels  21  located  outside  them  cannot 
cause  an  error  in  the  measurement  result. 

When  the  level  of  fluorescence  is  high  in  image  20  according  to  Figure  1  ,  satisfactory  segmentation  is  pos- 
sible.  If  on  the  other  hand,  the  fluorescence  level  is  low,  segmentation,  i.e.  delimitation,  is  difficult.  It  is  prac- 

4 



EP  0  626  575  A1 

tically  impossible  when  the  intensity  of  observed  fluorescence  is  close  to  the  detection  sensitivity  limit  of  the 
measuring  apparatus. 

Figure  2  is  a  schematic  representation  of  digitized  image  22  obtained  by  means  of  immediate  Prompt  flu- 
orescence  measurement  of  specimen  10  emitting  short-lived  fluorescence.  A  short-lived  specimen  refers  in 

5  this  context  to  a  specimen  which  emits  light  for  a  period  with  a  typical  duration  of  a  magnitude  of  nanoseconds 
(ns  =  1  0"9  s)  or  substantially  shorter  than  the  emission  time  of  the  fluorescence  under  analysis.  In  immediate 
Prompt  fluorescence  measurement  an  excitation  light  pulse  is  applied  to  the  specimen  and  the  measurement 
is  based  on  measuring  the  light  emitted  by  the  specimen  at  the  moment  of  excitation  or,  in  other  words,  simul- 
taneously  with  the  excitation  light  pulse.  The  duration  of  the  excitation  light  pulse  is  variable  or  the  excitation 

10  light  can  be  continuous,  as  is  the  case  in  prior  art  devices. 
Figure  2  also  shows  the  microscopic  image  as  it  is  seen  in  the  monitor.  For  the  sake  of  clarity,  the  image 

has  been  reversed  so  thatf  ields  with  higher  intensity,  i.e.  the  lighterf  ields,  are  shown  as  darker.  In  this  example, 
the  darker  fields,  or  fields  with  higher  intensities,  represent  a  light  emission  by  objects,  such  as  cellular  proteins 
or  particles  with  a  prompt  emission  label.  In  other  words,  concentrations  11  indicate  the  locations  of  objects 

15  and  thus  represent  fields  containing  information  that  the  measurements  are  expected  to  produce. 
On  the  basis  of  the  method  according  to  the  invention,  the  Prompt  fluorescence  image  22  presented  in 

Figure  2  is  segmented,  i.e.  delimited,  and  segmentation  is  used  to  study  image  20  of  long-lived  fluorescent 
specimen  10  obtained  by  time-resolved,  orTR,  fluorescence  measurement  and  seen  in  Figure  1. 

Figure  3  shows  the  three-dimensional  intensity  surface  presenting  the  intensity  of  digitized  image  22  of 
20  Figure  2.  Concentrations  11  in  Figure  2  appear  in  this  figure  as  peaks  24a.  The  figure  has  been  segmented 

in  such  a  way  that  the  intensity  surface  has  been  cut  with  plane  I,  which  is  parallel  to  intensity  plane  I,  and  the 
intensity  of  which  is  higher  than  background  intensity.  The  purpose  of  such  segmentation  is  to  find  out  the  lo- 
cations  of  objects  such  as  cells  or  particles  that  appear  as  intensity  peaks  in  the  figure.  When  plane  h  cuts 
these  peaks,  circular  borderlines  12  are  formed  at  the  cutting  point.  The  objects  to  be  located  are  found  inside 

25  these  lines. 
Figure  4  shows  a  vertical  section  of  Figure  3.  The  intersection  points  on  the  curve  24b  where  plane  h  cuts 

the  peak  represent  the  marginal  lines  of  segmentation  12,  which  are  shown  in  Figure  5.  Thus,  the  locations  of 
objects  of  importance  for  the  result  of  the  TR  measurement  have  been  determined  by  means  of  the  marginal 
lines  12. 

30  Now,  when  image  20  in  Figure  1  produced  by  time-resolved,  or  TR,  fluorescence  measurement  is  com- 
pared  with  image  26  in  Figure  5  segmented  by  Prompt  fluorescence  measurement,  it  will  be  noted  that  Figure 
1  contains  a  markedly  lower  number  of  concentrations  11  than  there  are  delimited  fields  12  in  Figure  5.  This 
is  explained  by  the  fact  that  the  fields  in  Figure  5  represent  locations  of  objects,  such  as  cells  or  particles,  which 
have  been  determined  by  means  of  immediate  Prompt  fluorescence  measurement  on  the  basis  of  light  emitted 

35  by  cellular  proteins  or  particles  with  a  prompt  emission  label.  Fields  12  may  represent  biological  cells  or  par- 
ticles,  as  they  do  in  the  sample  case,  but  they  may  also  represent  any  other  field  of  interest,  which  is  detected 
in  this  manner. 

As  Figure  1  does  not  show  light  emitted  by  cellular  proteins  or  particles  with  a  prompt  emission  label,  but 
it  does  show  long-lived  fluorescence  caused  by  the  europium  label  or  another  equivalent  long-lived  labelling 

40  agent,  concentrations  11  are  not  equally  clear  when  antibody  levels  of  the  object  are  low. 
The  figure  does  not  show  fluorescence  emitted  by  cellular  proteins  or  particles  with  a  prompt  emission 

label  because  the  image  has  been  obtained  after  such  a  long  time  interval  that  the  rapid  excitation  state  has 
ended  and  the  light  emission  caused  by  their  excitation  has  already  ceased.  In  this  case,  the  time  difference 
is  of  the  magnitude  of  more  than  1  us.  What  remains  is  the  light  emitted  by  europium  only.  In  the  example, 

45  europium  labelling  has  been  used  to  mark  and  determine  the  presence  of  a  certain  component  of  interest  in 
the  specimen  under  study.  Several  labelling  agents  can  be  used  simultaneously  for  measurement,  in  which 
case  they  can  be  distinguished  by  the  colour,  i.e.  wavelength  of  emitted  light,  or  duration  of  fluorescence  light. 

The  above  comparison  of  Figures  1  and  5  shows  clearly  that  reliable  segmentation  of  fields  to  be  measured 
cannot  be  carried  out  on  the  basis  of  the  image  obtained  by  time-resolved,  or  TR,  fluorescence  measurement, 

so  shown  in  Figure  1,  because  in  the  sample  case  the  concentration  of  antibodies  in  biological  cells  or  accumu- 
lated  in  microparticles  can  be  low.  The  problem  is  that  the  locations  of  the  objects  do  not  appear  clearly  enough. 
Therefore,  recognition  of  the  fields  of  interest  is  not  possible  on  the  basis  of  the  image. 

The  problem  is  solved  according  to  the  invention  so  that  data  produced  from  the  TR  fluorescence  image 
20  are  evaluated  only  in  those  fields  which  can  be  localized  in  Prompt  fluorescence  image  22  of  Figure  2  in 

55  the  manner  shown  in  Figures  3  and  4.  In  other  words,  the  intensity  of  long-lived  fluorescence  is  determined  in 
time-resolved  TR  fluorescence  image  20  from  those  fields  which  have  been  defined  by  means  of  the  Prompt 
fluorescence  image. 

Figure  6  is  a  schematic  representation  of  the  above  combination  of  image  information  of  Figures  1  and  5. 
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In  practice,  this  is  done  with  a  computer,  in  which  case  both  images  are  obtained  one  after  the  other  without 
touching  the  specimen  and  without  changing  the  instrument  parameters  of  the  measuring  apparatus.  Instru- 
ment  parameters  are  only  changed  in  such  a  way  that  the  electronic  delay  unit  is  adjusted  for  either  Prompt 
orTR  imaging.  Digitized  image  20,  obtained  by  time-resolved,  orTR,  fluorescence  measurement  is  transferred 

5  to  computer  nemory,  after  which  the  digitized  image  of  short-lived  fluorescence  specimen  10  obtained  by 
means  of  Prompt  fluorescence  measurement  is  segmented  as  shown  in  Figures  3  and  4.  Afterwards,  image 
20  of  Figure  1  is  analyzed  only  for  the  fields  shown  in  image  26  of  Figure  5. 

Figure  6  shows  that  when  the  fields  segmented  by  means  of  Figure  5  have  been  analyzed  in  the  image 
of  Figure  1  ,  clear  europium  concentrations  12  are  seen  in  these  fields.  However,  Figure  6  also  includes  such 

10  objects  27  as  cells  or  particles  where  the  europium  label  is  not  to  be  seen  at  all.  This  result  could  not  have 
been  obtained  by  simple  segmentation  of  Figure  1  .  In  the  method  presented  herein,  europium  analysis  is  car- 
ried  out  on  the  basis  of  one  time-resolved  TR  image  by  means  of  one  segmented  Prompt  image.  However,  it 
is  also  possible  to  use  several  images  for  segmentation.  If  necessary,  segmentation  can  also  be  carried  out 
in  reverse  fashion  so  that  the  analysis  is  limited  to  areas  remaining  outside  the  delimited  fields. 

15  Figure  7  is  a  schematic  representation  of  the  function  of  a  shutter  in  TR  microscopic  imaging.  Arrow  13 
shows  the  passage  of  the  light  emitted  by  the  specimen.  The  specimen  is  in  the  lower  part  of  Figure  7.  The 
image  is  passed  through  lenses  14  and  15  so  that  between  them  at  position  16  the  light  beam  is  narrow.  The 
function  of  the  light  interrupter,  i.e.  the  shutter,  is  illustrated  by  disc  17  in  position  16,  which  is  rotated  by  motor 
18.  Optimal  accuracy  of  shutter  function  is  achieved  by  means  of  the  positioning  of  disc  17  and  synchronizing 

20  its  rotation  speed.  Naturally,  a  different  type  of  shutter  can  also  be  used. 
Figure  8  shows  shutter  disc  17  of  Figure  7,  as  seen  from  above.  On  the  perimeter  of  rotating  disc  17  there 

are  openings  19,  through  which  imaging  is  carried  out.  Optical,  magnetical  or  mechanical  sensor  25  is  used 
to  synchronize  the  imaging.  It  indicates  when  the  shutter  of  the  camera  is  open  or  shut  and  helps  to  synchronize 
the  light  pulse  appropriately  in  relation  to  shutter  function.  In  this  case,  the  alternatives  include  excitation  light 

25  pulse  simultaneously  with  the  shutter  open,  i.e.  Prompt  imaging,  and  time-resolved  TR  imaging,  in  which  case 
the  shutter  is  opened  after  a  predetermined  time  following  the  excitation  light  pulse.  As  the  shutter  disc  rotates, 
light  aperture  19  moves  to  the  position  of  light  beam  16. 

Figure  9  is  a  schematic  side  view  of  microscope  28  used  in  time-resolved  TR  fluorescence  imaging.  It  in- 
corporates  light  source  31,  which  in  this  example  apparatus  is  a  xenon  lamp  emitting  rapid  light  pulses.  Light 

30  is  passed  through  collector  lenses  32  and  auxiliary  lenses  33,  known  as  such,  to  dichroic  mirror  34,  from  where 
the  light  is  reflected  through  objective  35  onto  specimen  10. 

From  specimen  10,  luminescence  light,  the  wavelength  of  which  is  greater  than  that  of  the  excitation  light, 
passes  back  through  objective  35  and  dichroic  mirror  34  for  analysis  or  imaging.  The  light  then  passes  on 
through  emission  filter  36  to  shutter  37  and  camera  38.  Viewing  device  39  and  eyepiece  40  may  be  placed 

35  between  them. 
Shutter  37  in  this  example  is  comprised  of  a  light  interrupter  with  rotating  disc  17  and  motor  18,  as  shown 

in  Figures  7  and  8.  Optical  sensor  25  of  the  light  interrupter  has  been  connected  to  light  source  31  through  an 
electronic  delay  unit  for  the  purpose  of  synchronizing  the  function  of  shutter  37  with  excitation  light  pulses.  In 
time-resolved  (TR)  imaging  shutter  37  opens  only  after  the  excitation  light  pulse  has  ceased. 

40  In  this  sample  case,  a  Peltier  cooled  Charge  Coupled  Device  camera  38,  or  a  c-CCD  camera,  is  used  for 
imaging,  and  the  image  obtained  by  the  camera  is  digitized  and  transferred  to  computer  42.  Other  types  of 
camera  can  also  be  used  for  the  imaging. 

Figure  10  corresponds  to  Figure  9  and  shows  microscope  29,  which  is  used  for  Prompt  fluorescence  im- 
aging.  When  xenon  lamp  31  is  used,  electronic  delay  unit  41  is  switched  to  function  without  time  difference. 

45  Prompt  fluorescence  imaging  can  also  be  carried  out  with  a  mercury  lamp  43,  which  is  connected  to  the  mi- 
croscope  29  presented  in  the  example.  Mirror  44  is  employed  to  select  the  light  source  to  be  used,  which  may, 
for  example,  be  either  a  pulsed  xenon  lamp  31  or  a  continuous  wave  mercury  lamp  43. 

The  basic  structure  of  microscope  29  seen  in  the  sample  case  of  Figure  1  0  corresponds  to  that  presented 
in  Figure  9.  However,  there  is  the  difference  that  between  shutter  37  and  camera  38  is  positioned  filter  unit 

so  45,  which  here  consists  of  two  filters  46  and  47.  There  can  be  many  filters,  and  they  can  be  used  optionally 
as  preferred,  one  at  a  time  or  simultaneously  in  any  combinations. 

Furthermore,  the  microscope  of  Figure  1  0  has  been  equipped  with  a  second  camera  48  in  addition  to  cam- 
era  38.  Eyepiece  40  in  this  case  is  linked  to  a  turnable  mirror  49,  which  is  partially  splitting  and  partially  re- 
flectory  or  fully  reflectory.  By  means  of  mirror  49,  the  light  emitted  by  specimen  1  0  is  imaged  through  lenses 

55  alternatively  with  camera  38  or  48,  or,  alternatively,  simultaneously  with  both  cameras. 
Figure  11  corresponds  to  Figure  9  and  shows  microscope  30,  which  is  used  for  absorption  imaging.  In  this 

case,  sufficient  light  is  provided  by  a  halogen  lamp  51  ,  from  which  light  is  passed  in  the  conventional  manner 
via  mirror  50  and  condenser  lens  52  through  specimen  10.  The  light  then  travels  through  filtering  unit  45  to 
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camera  38  or  48  or,  alternatively,  simultaneously  to  both  cameras.  The  images  obtained  by  the  cameras  are 
digitized  and  transferred  to  computer  42. 

Mirror  49,  shown  in  figures  10  and  11,  located  between  cameras  38  and  48,  may  also  be  beam  splitter 
that  reflects  part  of  the  light  rays  and  allows  part  of  the  rays  to  pass  through.  In  this  case,  imaging  can  be  carried 

5  out  with  both  cameras  38  and  48  simultaneously.  The  image  splitting  mirror  49  may  also  be  dichroic,  in  which 
case  different  cameras  simultaneously  image  different  wavelengths  of  light.  Image  splitting  can  also  be  carried 
out  using  f  iberoptics. 

With  computer  42  it  is  possible  in  microscope  29  of  Figure  1  0  to  combine  in  an  desired  way  and  to  analyze 
immediate  Prompt  images  and  time-resolved  TR  images  from  cameras  38  and  48.  Thus  it  is  possible  to  carry 

10  out  segmenting  and  to  analyze  segmented  fields  in  many  different  ways.  Many  images  can  be  stored  in  the 
computer  memory  to  be  used  later  in  the  desired  manner. 

The  essential  aspect  of  the  method  according  to  the  invention  and  the  microscopes  used  is  that  the  delay 
unit  of  the  microscope  can  be  regulated  by  electronic  control  so  that  no  touching  of  the  specimen,  camera  or 
any  optic,  mechanical,  electronic  or  other  components  is  needed  during  the  imaging  process.  Thus,  measure- 

rs  ments  can  be  switched  from  immediate  Prompt  imaging  to  time-resolved  TR  imaging  and  vice  versa  at  any 
time. 

Figure  12  shows  a  microscope  which  is  suitable  for  both  Prompt  and  TR  imaging,  as  well  as  absorption 
imaging  if  a  light  source  and  a  mirror  according  to  Figure  11  are  added  to  the  apparatus.  Light  interrupter  37 
of  microscope  29,  as  seen  in  Figure  10,  has  been  replaced  with  fast  main  shutter  53  at  an  optically  advanta- 

20  geous  position  and  with  additional  shutters  54  and  55  connected  to  cameras  38  and  48.  Of  shutters  54  and 
55,  one  or  both  function  simultaneously  with  main  shutter  53  or,  if  necessary,  at  different  times,  in  which  case 
several  time-resolved  channels  can  be  used.  Thus,  for  example,  shutters  53,  54  and  55  can  be  used,  after  the 
passage  of  Prompt  fluorescence  to  the  first  camera  38  to  pass  time-resolved  TR  fluorescence  emitted  by  the 
same  excitation  light  pulse  to  camera  48.  Both  cameras  38  and  48  have  separate  filtering  units  45.  Shutters 

25  53,  54  and  55  are  controlled  by  computer  42  and  delay  unit  41.  If  shutters  54  and  55  function  sufficiently  fast, 
main  shutter  53  can  also  be  omitted  from  the  apparatus. 

Figure  13  is  a  schematic  representation  of  the  principle  of  imaging  with  a  parallel  detector,  which  can  be 
used  in  the  microscopes  of  Figures  9-12.  In  Figure  13,  the  imaging  surface  has  been  formed  of  a  layer  capable 
of  signal  separation,  such  as  a  semiconductor  layer,  where  the  pixel  56  consist  of  partial  pixels  57  of  various 

30  types  in  the  form  of  an  m  x  n  matrix.  In  the  example  of  Figure  13,  the  pixels  56  consist  of  four  square  partial 
pixels  57  in  the  form  of  a  2  x  2  matrix,  but  it  is  obvious  that  partial  pixels  57  may  have  other  forms  as  well;  for 
instance,  they  may  be  circles.  They  may  also  be  placed  in  any  configurations  within  the  pixel.  If  the  pixels  can 
be  reduced  in  size,  it  is  natural  that  the  resolution  of  the  image  improves  with  reduction  of  pixel  size. 

The  resolutions  of  partial  pixels  57  of  the  same  pixel  56  has  been  specified  to  differ  according  to  wave- 
35  length,  intensity  or  some  other  property  of  light.  Thus,  the  information  required  can  be  obtained  from  the  entire 

image  field  by  selecting  partial  pixel  57  used  in  pixel  56  and  the  corresponding  pixels  in  other  pixels.  In  this 
manner,  one  or  more  separate  images  are  obtained  in  various  wavelength  bands,  either  in  the  Prompt  or  TR 
mode.  Usually  one  or  several  simultaneous  Prompt  images  are  obtained.  If,  however,  Prompt  and  TR  lumines- 
cence  have  different  wavelengths,  one  type  of  partial  pixel  57  can  be  used,  for  example,  for  the  measurement 

40  of  Prompt  luminescence  and  another  for  the  measurement  of  TR  luminescence. 
Figure  14  shows  schematically  the  imaging  principle  of  a  serial  detector.  In  the  detector,  the  image  surface 

has  been  formed  of  a  layer  capable  of  signal  separation,  which  may  comprise  layers  57  capable  of  separation 
e.g.  by  wavelength  of  light,  and  which  can  be  used  to  select  the  information  required.  It  can  thus  be  said  that 
in  this  embodiment  partial  pixels  57  are  arranged  on  top  of  one  another. 

45  Structures  similar  to  those  in  Figures  13  and  14  can  also  be  arranged  overlapped  or  on  top  of  one  another 
so  that  the  structure  consists  of  several  structures  as  shown  in  Figure  1  3  or  structures  of  both  Figures  1  3  and 
14,  in  any  selected  or  random  order,  in  which  case  they  together  form  a  new  type  of  shutter  structure.  Fiber- 
optics  can  also  be  used  instead  of  layer  filtering. 

Figure  15  is  a  schematic  representation  of  the  intensity  of  the  luminescence  pulse  as  a  function  of  time 
so  and  a  method  for  measurement  of  the  pulse.  In  this  method  immediate  Prompt  luminescence  59  and  time- 

resolved  TR  luminescence  60  are  measured  for  each  pulse  58.  These  data  are  passed  to  various  channels  of 
the  measuring  apparatus. 

According  to  the  second  method  presented  in  Figure  16,  for  each  pulse  58  the  necessary  amount  of  im- 
mediate  Prompt  luminescence  information  59  and  then  several  measurements  of  TR  luminescence  information 

55  60  are  obtained  and  passed  to  the  various  channels  of  the  measuring  apparatus. 
In  Figure  17,  immediate  Prompt  luminescence  59  has  been  measured  for  every  other  pulse  58  and  TR 

luminescence  60  for  every  other  pulse.  Naturally,  the  method  is  not  limited  to  such  regularity:  any  variations 
and  irregularities  are  possible.  Pulses  to  be  measured  can  be  selected  in  any  order  required. 
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Generally  speaking,  many  kinds  of  analyses  can  be  carried  out  if  required  after  segmentation.  The  exam- 
ples  show  how  intensity  is  measured,  but  other  types  of  analysis  can  also  be  performed.  For  example,  studies 
can  be  made  of  the  numbers  of  particles  within  a  segmented  field  or  of  the  texture,  i.e.  structure,  of  the  spe- 
cimen.  The  essential  aspect  of  the  method  is  that  the  object,  such  as  a  cell,  is  located  by  means  of  segmen- 
tation,  and  analysis  is  carried  out  on  the  basis  of  another  image.  The  advantages  of  the  method  are  greatest 
when  the  specimen  has  been  marked  with  a  time-resolved  label. 

It  is  obvious  to  a  person  skilled  in  the  art  that  the  different  embodiments  of  the  invention  may  vary  within 
the  scope  of  the  claims  presented  below.  Thus,  the  use  of  the  microscope  is  not  limited  to  any  specific  meas- 
uring  method.  Fluorescence,  luminescence  and  other  light  measuring  methods  are  feasible.  Instead  of  the  mi- 
croscope  presented  in  the  drawings  the  measuring  device  can  also  be  any  other  kind  of  imaging  device. 

Claims 

1.  A  method  in  image  analysis  for  the  delimitation  of  a  field  (12)  in  a  digitized  image  (20)  of  object,  in  which 
method  the  image  is  observed  with  an  observation  instrument,  such  as  a  microscope  (28,  29,  30),  and 
the  image  of  the  object  is  obtained  with  a  detector,  such  as  a  digitizing  camera  (38,  48),  characterized 
in 

-  that  two  or  more  digital  images  (20)  oranalogical  images  which  are  digitized  are  obtained  of  the  object 
to  be  imaged  without  changing  the  position  or  location  of  the  camera  (38,  48)  or  the  object, 

-  that  on  the  basis  of  digital  delimitation  information  obtained  from  at  least  one  image  (22),  at  least 
one  field  (12)  of  the  object  to  be  imaged  is  segmented, 

-  and  that  at  least  one  image  (20)  is  analyzed  on  the  basis  of  digital  delimitation  information  obtained 
from  another  image  (22)  or  other  images. 

2.  A  method  as  claimed  in  claim  1  , 
characterized  in 

-  that  two  or  more  digital  images  (20)  or  analogical  images  to  be  digitized  are  obtained  of  the  object 
to  be  imaged  at  desired  time  intervals,  without  changing  the  position  or  location  of  the  camera  (38, 
48)  or  the  object, 

-  that  segmentation  is  carried  out  on  the  basis  of  digital  delimitation  information  obtained  from  at  least 
one  image  (22), 

-  and  that  the  object  to  be  imaged  is  analyzed  on  the  basis  of  an  image  (20)  or  images  different  from 
the  one  that  has  been  segmented. 

3.  A  method  as  claimed  in  claim  1  or  2, 
characterized  in  that,  with  the  same  detector,  such  as  a  camera  (38,  48)  at  least  two  images  are  obtained 
at  desired  time  intervals  of  which  one  image  (20)  is  analyzed  on  the  basis  of  delimitation  information  ob- 
tained  from  another  image  (22). 

4.  A  method  as  claimed  in  claim  1  ,  2  or  3, 
characterized  in 

-  that  a  digital  luminescence  image  (20,  22)  is  obtained  of  the  object  to  be  imaged  using  at  least  two 
different  methods, 

-  and  that  segmentation  and  analysis  of  the  object  to  be  imaged  are  carried  out  on  the  basis  of  images 
obtained  using  different  methods. 

5.  A  method  as  claimed  in  one  of  claims  1  to  4, 
characterized  in 

-  that  a  Prompt  digital  image  (22)  and  a  digital  time-resolved  image  (20)  are  obtained  of  the  object  to 
be  imaged  without  changing  the  position  or  location  of  the  camera  (38,  48)  or  of  the  object, 

-  that  segmentation  is  carried  out  on  the  basis  of  digital  delimitation  information  obtained  by  means 
of  the  Prompt  image  (22), 

-  that  the  analysis  of  the  object  to  be  imaged  is  carried  out  from  the  TR  image  (20)  on  the  basis  of 
digital  delimitation  information  obtained  by  means  of  the  Prompt  image. 

6.  A  method  as  claimed  in  one  of  claims  1  to  5, 
characterized  in 
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-  that  after  a  time  interval  following  an  excitation  pulse,  a  fluorescence  microscope  (30)  is  first  used 
to  obtain  a  time-resolved  TR  fluorescence  image,  which  is  digitized  and  stored  in  a  computer  (42) 
memory, 

-  that  subsequently,  at  least  one  immediate  Prompt  fluorescence  image  is  obtained  for  segmentation, 
5  i.e.  determination  of  the  fields  (12)  to  be  delimited, 

-  and  that  the  fields  delimited  on  the  basis  of  such  delimitation  information  are  analyzed  from  the  digi- 
tized  TR  fluorescence  image  which  was  obtained  earlier,  and  stored  in  the  computer  memory. 

7.  A  method  as  claimed  in  one  of  claims  1  to  5, 
10  characterized  in 

-  that  the  fluorescence  microscope  (30)  is  first  used  to  obtain  at  least  one  immediate  Prompt  fluores- 
cence  image,  which  is  segmented,  i.e.  where  the  fields  (12)  to  be  delimited  are  defined,  and  these 
data  are  digitized  and  stored  in  the  computer  (42)  memory, 

-  that  after  a  time  interval  following  an  excitation  pulse,  a  time-resolved  TR  fluorescence  image  is  ob- 
is  tained,  which  is  digitized  and  also  stored  in  the  computer  (42)  memory, 

-  and  that  the  delimitation  information  is  used  to  analyze  the  delimited  fields  of  the  digitized  TR  fluor- 
escence  image  stored  in  the  computer  memory. 

10 

20 

25 

8.  A  method  as  claimed  in  one  of  claims  1  to  7, 
20  characterized  in  that  the  Prompt  image  (22)  and  the  TR  image  (20)  are  exposed  by  the  same  lumines- 

cence  pulse  (58),  of  which  there  are  one  or  more. 

9.  A  method  as  claimed  in  one  of  claims  1  to  7, 
characterized  in  that  the  Prompt  image  (22)  and  the  TR  image  (20)  are  exposed  by  different  lumines- 

2s  cence  pulses  (58),  of  which  there  are  two  or  more. 

10.  A  method  as  claimed  in  one  of  claims  1  to  9, 
characterized  in  that  at  least  two  Prompt  images  (22)  and/or  at  least  two  TR  images  (20)  are  exposed 
by  the  same  luminescence  pulse  (58). 

30  11.  Amethod  as  claimed  in  one  of  claims  1  to  10, 
characterized  in 

-  that  at  least  two  simultaneous  digital  images  (20)  or  analogical  images  to  be  digitized  are  obtained 
of  the  object  to  be  imaged,  without  changing  the  position  or  location  of  the  camera  (38,  48)  or  the 
object, 

35  -  that  segmentation  is  carried  out  on  the  basis  of  digital  delimitation  information  obtained  by  means 
of  at  least  one  image  (22), 

-  and  that  the  object  to  be  imaged  is  analyzed  from  another  image  (20),  on  the  basis  of  the  delimitation 
information  obtained. 

40  12.  Amethod  as  claimed  in  one  of  claims  1  to  11, 
characterized  in  that  two  or  more  detectors  (38,  48),  such  as  cameras,  are  used  to  obtain  simultaneously 
or  at  desired  time  intervals  two  or  more  images,  of  which  at  least  one  is  analyzed  on  the  basis  of  delim- 
itation  information  obtained  from  the  other  image  or  other  images. 

45  13.  Amethod  as  claimed  in  one  of  claims  1  to  12, 
characterized  in 

-  that  at  least  two  simultaneous  digital  Prompt  images  (22),  the  information  of  which  is  distinguished 
one  from  the  other,  for  example,  on  the  basis  of  the  wavelength  of  light,  are  obtained  of  the  object 
to  be  imaged,  without  changing  the  position  or  location  of  the  camera  (38,  48)  or  the  object, 

so  -  that  segmentation  is  carried  out  on  the  basis  of  digital  delimitation  information  obtained  from  at  least 
one  Prompt  image  (22), 

-  and  that  analysis  of  the  object  to  be  imaged  is  carried  out  on  the  basis  of  another  Prompt  image  (20). 

55 
14.  Amethod  as  claimed  in  one  of  claims  1  to  13, 

characterized  in  that  the  determination  of  light  intensity,  number  of  particles  or  other  analysis  of  one  im- 
age  (20)  is  carried  out  on  the  basis  of  delimitation  information  obtained  from  another  image  (22)  or  other 
images. 
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15.  Amethod  as  claimed  in  one  of  claims  1  to  14, 
characterized  in  that  a  microscope  (30)  and  one  or  more  cameras  (38,  48)  are  used  to  image  light  emis- 
sion  from  the  object  to  be  imaged  caused  by  two  or  more  excitation  events,  such  as  an  excitation  light 
pulse,  so 

5  -  that  at  least  two  images  are  obtained  of  luminescence  caused  by  the  excitation  light  pulse  at  desired 
time  intervals  with  one  or  more  detectors, 

-  and  that  in  one  image  (20)  a  read-out  of  light  intensity  is  obtained  for  at  least  one  delimited  field  (12) 
on  the  basis  of  delimitation  information  obtained  from  another  image  (22)  or  other  images. 

10  16.  An  apparatus  used  in  image  analysis  for  the  delimitation  of  a  field  (12)  in  the  image  of  an  object  (20)  in- 
corporating  an  observation  instrument,  such  as  a  microscope  (28,  29,  30)  and  a  detector  (38,  48),  such 
as  a  camera, 
characterized  in  that  the  apparatus  incorporates  a  microscope  (28,  29,  30),  at  least  one  camera  (38,  48) 
and  a  device  (37,  41  ,  49)  that  transmits  at  least  part  of  the  image  information  (20)  to  one  or  more  cameras, 

15  and  an  analyzing  unit  (42)  that,  on  the  basis  of  at  least  one  image  (22),  delimits  at  least  one  field  (12)  of 
the  object  and,  on  the  basis  of  the  delimitation  information,  targets  at  least  one  delimited  field  in  another 
image  for  image  analysis. 

20 

25 

30 

35 

17.  An  apparatus  as  claimed  in  claim  16, 
20  characterized  in  that  the  apparatus  incorporates  a  microscope  (28,  29,  30),  at  least  one  camera  (38,  48) 

and  an  electronic  delay  unit  (41)  which  can  be  regulated  to  obtain  both  immediate  Prompt  images  and 
time-  resolved  TR  images,  and  an  analyzing  unit  (42),  which  on  the  basis  of  at  least  one  image  (22)  de- 
limits  at  least  one  field  (12)  in  the  object  and,  on  the  basis  of  delimitation  information,  targets  at  least  one 
delimited  field  in  another  image  for  image  analysis. 

25 18.  An  apparatus  as  claimed  in  claim  16  or  17, 
characterized  in  that  the  apparatus  is  equipped  with  a  fast  shutter  (37),  such  as  a  gatable  image  inten- 
sifies  and  a  camera  or,  alternatively,  a  position-  sensitive  photodetector,  the  digital  output  port  of  which 
can  be  gated  so  that  the  same  detector  can  be  used  to  measure  both  the  image  information  of  Prompt 
luminescence  and  time-resolved  luminescence. 30 

19.  An  apparatus  as  claimed  in  claim  16  or  17, 
characterized  in  that  the  apparatus  incorporates  a  fluorescence  microscope  (28),  at  least  one  camera 
(38,  48)  and  a  computer  (42),  in  the  memory  of  which  can  store  a  digitized,  time-resolved  TR  fluorescence 
image  which  has  been  obtained  with  a  fluorescence  microscope  after  a  time  interval  following  an  excita- 

35  tion  pulse,  and  which  computer  has  also  been  equipped  for  analysis  of  a  Promptf  luorescence  image  which 
is  used  to  define  the  fields  (12)  to  be  delimited,  i.e.  a  segmentation  image,  and  the  delimitation  information 
obtained  in  this  manner  is  used  to  analyze  the  fields  delimited  in  the  digitized  TR  fluorescence  image  in 
the  computer  memory. 

40  20.  An  apparatus  as  claimed  in  claim  16,  17  or  18, 
characterized  in  that  a  fluorescence  microscope  (28),  at  least  one  camera  (38,  48)  and  a  computer  (42), 
in  the  memory  of  which  can  store  a  conventional,  or  immediate,  Prompt  fluorescence  image  which  is  used 
to  define  the  fields  (12)  to  be  delimited,  i.e.  segmentation,  and  a  digitized,  time-resolved  TR  fluorescence 
image  which  has  been  obtained  with  a  fluorescence  microscope  after  a  time  interval  following  an  excita- 

45  tion  pulse,  which  computer  has  been  equipped  for  analysis,  on  the  basis  of  the  delimitation  information 
obtained,  of  fields  delimited  in  the  digitized  TR  fluorescence  image  stored  in  the  computer  memory. 

21.  An  apparatus  as  claimed  in  one  of  claims  16  to  20, 
characterized  in  that  the  apparatus  incorporates  a  camera  (38,  48)  and  a  filter  unit  (45)  with  at  least  two 

so  changeable  filters  (46,  47),  which  make  it  possible  to  obtain  two  or  more  filtered  images  taken  at  desired 
time  intervals. 

22.  An  apparatus  as  claimed  in  any  of  claims  16  to  21, 
characterized  in  that  the  apparatus  incorporates  a  camera  (38,  48),  to  which  at  least  one  optical  path 

55  has  been  directed,  and  that  in  the  camera  is  located  a  filtering  unit  (45)  which  has  two  or  more  layers  (57), 
these  being  semiconductor  layers  or  other  layers  capable  of  separation  function  and  through  which  im- 
aging  can  be  carried  out  simultaneously  or  at  desired  time  intervals,  using  at  least  two  different  modes 
of  filtering. 
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An  apparatus  as  claimed  in  one  of  claims  16  to  21, 
characterized  in  that  the  apparatus  incorporates  a  camera  (38,  48),  to  which  at  least  one  optical  path 
has  been  directed,  and  that  in  or  outside  the  camera  is  located  a  filtering  unit  (45)  which  comprises  spatial 
filters  (57),  such  as  a  matrix  (56),  which  unit  provides  spatially  different  filtering  functions  enabling  im- 
aging  by  at  least  two  different  modes  of  filtering. 

An  apparatus  as  claimed  in  one  of  claims  21  to  23, 
characterized  in  that  the  layers  forming  the  filtering  unit  (45)  are  parallel  and/or  on  top  of  one  another. 

An  apparatus  as  claimed  in  one  of  claims  16  to  24, 
characterized  in  that  the  apparatus  incorporates  a  microscope  (28,  29,  30),  at  least  two  cameras  (38, 
48)  and  a  device  (37,  41  ,  49)  that  directs  at  least  part  of  the  light  flux  to  one  camera  (38)  and  part  of  the 
image  information  to  another  camera  (48),  and  an  analyzing  unit  (42),  which  on  the  basis  of  at  least  one 
image  (22)  delimits  at  least  one  field  (12),  and  on  the  basis  of  delimitation  information,  targets  at  least 
one  delimited  field  in  another  image  for  image  analysis. 

An  apparatus  as  claimed  in  one  of  claims  16  to  25, 
characterized  in  that  the  apparatus  incorporates  two  cameras  (38,  48)  and  a  beam  splitter  (49),  which 
splits  the  image  information  obtained  from  the  object  into  two  parts  for  the  cameras,  and  that  at  least  one 
camera  is  equipped  with  a  fast  shutter  (37),  such  as  a  gatable  image  intensifies  and  a  camera  or  alter- 
natively  a  position-sensitive  photodetector  with  a  gatable  digital  output  port. 

An  apparatus  as  claimed  in  one  of  claims  16  to  26, 
characterized  in  that  the  apparatus  incorporates  a  camera  (38,  48)  which  can  be  reset  to  zero  on  the 
basis  of  immediats,  or  prompt,  luminescence  image  information  and  opened  to  measure  time-resolved 
TR  luminescence  emitted  by  the  same  excitation  light  pulse. 
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