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Description 

The  invention  relates  to  a  multichannel  fluores- 
cence  lidar  device  comprising  a  source  for  the  emis- 
sion  of  a  laser  beam,  an  optical  receiving  system  to 
focus  the  backscattered  radiation,  an  optical  chan- 
nels  separator  and  means  for  processing  the  detected 
signals. 

The  invention  further  relates  to  a  method  of  re- 
mote  sensing  using  a  multichannel  fluorescence  lidar, 
comprising  the  steps  of:  stimulating  the  emission  of 
fluorescence  radiation  from  the  target;  collecting  the 
fluorescence  radiation  emitted  by  the  target;  separat- 
ing  the  backscattered  fluorescence  radiation  into  a 
plurality  of  channels  corresponding  to  predetermined 
emission  bands;  and  processing  the  signals  obtained 
in  order  to  extract  information  concerning  the  target. 

EP-A-0  278  149  discloses  a  method  for  determin- 
ing  fluorescent  emission  from  an  immunoassay  in 
which  one  of  the  emitted  wavelengths  is  analyte  con- 
centration  dependent  and  another  which  is  not  is 
used  as  a  reference.  The  ratio  of  detected  signals  at 
the  measurement  and  reference  wavelengths  is  com- 
pared  with  a  series  of  stored  ratios  measured  on 
known  samples. 

The  lidar,  or  laser  radar,  is  a  remote  sensing  sys- 
tem  composed  of  a  laser  which  illuminates  a  target, 
an  optical  system  which  collects  the  radiation  back- 
scattered  from  the  target  and  a  system  for  analyzing 
the  backscattered  radiation.  In  the  case  of  a  fluores- 
cence  lidar,  the  individual  identification  of  the  target 
and/or  of  some  of  its  characteristic  features  is  under- 
taken  by  the  analysis  of  the  fluorescence  radiation 
emitted  by  said  target  when  it  is  stimulated  by  the  las- 
er  radiation.  The  fluorescence  lidar  is  used,  in  partic- 
ular,  in  the  remote  sensing  of  water  and  of  vegetation. 

The  fluorescence  lidars  which  are  in  existence  at 
the  present  time  detect  the  fluorescence  radiation  in 
certain  spectral  bands,  which  are  selected  by  means 
of  interference  filters  or  of  a  grating  spectrometer, 
and  subsequently  analyze  the  data  extracted  for  the 
purpose  of  undertaking  the  individual  identification  of 
the  target  and/or  of  its  characteristic  features.  The  li- 
dars  of  known  type  exhibit  certain  disadvantages, 
which  are  due,  in  particular,  to  the  fact  that  the  detect- 
ed  signals  are  proportional  to  the  intensity  of  the  ra- 
diation  reflected  back  in  correspondence  with  certain 
specific  wavelengths.  The  signals  are  always  influ- 
enced  by  spurious  factors  such  as  absorption  by  the 
atmosphere,  the  surface  roughness  of  the  target,  the 
losses  due  to  the  detection  system,  which  modify  the 
intensity  thereof  and  which  thus  make  a  direct  detec- 
tion  impossible.  In  the  systems  which  are  in  current 
use,  it  is  therefore  necessary  to  make  use  of  a  refer- 
ence  signal,  for  example  an  emission  line  of  known  in- 
tensity,  to  correct  the  detected  signals  and  to  permit 
the  subsequent  processing. 

The  subject  of  the  invention  is  a  lidar  system 

which  does  not  exhibit  these  disadvantages  and 
which,  in  particular,  permits  a  rapid  detection  and  a 
real-time  or  quasi-real-time  processing  of  the  detect- 
ed  data  without  the  need  to  correct  the  detected  sig- 

5  nals  in  order  to  take  account  of  any  possible  spurious 
factors. 

These  and  other  advantages,  which  will  become 
clear  to  persons  skilled  in  the  art  on  reading  the  text 
which  follows,  are  obtained  substantially  with  a  lidar 

10  of  the  abovementioned  type,  which  further  comprises 
means  for  forming  the  ratio,  two  by  two,  of  the  signals 
originating  from  the  optical  channels  separator,  and 
means  for  making  the  comparison  between  the  val- 
ues  of  said  ratios  and  a  series  of  values  stored  in  an 

15  archive.  The  device  according  to  the  invention  under- 
takes  a  detection,  a  separation  of  the  signal  into  a 
plurality  of  channels  and  then  forms  a  plurality  of  ra- 
tios  between  the  signals  available  on  each  channel. 
The  values  of  the  ratios  which  are  obtained  are  direct- 

20  ly  compared  with  a  series  of  values  which  are  prede- 
termined  and  contained  in  an  appropriate  archive. 
Thus,  the  signals  do  not  need  to  be  subjected  to  any 
defferred  processing,  but  can  have  their  ratios  formed 
and  can  be  directly  compared  in  order  to  permit,  if  re- 

25  quired,  a  real-time  identification  of  the  target.  The  ra- 
tios  between  the  signals  are  virtually  immune  from 
spurious  factors  such  as,  for  example,  the  greater  or 
lesser  absorption  by  the  atmosphere,  the  roughness 
of  the  target,  the  losses  due  to  the  system  and  the 

30  like.  In  this  way,  the  detection  may  be  undertaken 
without  the  use  of  a  reference  signal. 

Particularly  advantageous  embodiments  are  in- 
dicated  in  the  attached  subclaims.  In  particular,  the 
determination  of  the  ratios  between  the  signals  ob- 

35  tained  from  the  optical  channels  separator  may  be  un- 
dertaken  by  means  of  hardware  or  of  software,  in  de- 
pendence,  inter  alia,  upon  the  type  of  separator  which 
is  employed.  The  latter  may  make  use  of  a  series  of 
separated  photodetectors,  or  alternatively  an  array  or 

40  matrix  of  photodetectors  which  is  constructed  using 
CCD  technology  and  controlled  by  a  central  unit,  in 
which  case  it  is  possible  to  obtain  a  number  of  chan- 
nels  which  is  very  large  and  may  even  exceed  one 
thousand.  This  is  particularly  advantageous  in  the 

45  case  where  it  is  desired  to  make  not  only  measure- 
ments  on  fluoresce  radiation  signals  but  also  meas- 
urements  on  the  passive  signal,  that  is  to  say  on  the 
radiation  reflected  by  the  target.  In  fact,  the  wave- 
lengths  of  the  reflected  radiation  and  the  wavelengths 

so  of  the  fluorescence  radiations  fall  within  a  rather  wide 
range  and  the  normal  channel  separators  provide  a 
number  of  channels  which  is  limited  and  not  sufficient 
to  detect  the  signal  corresponding  to  a  sufficiently 
large  number  of  wavelengths,  so  as  to  provide  signif- 

55  icant  data  both  concerning  the  fluorescence  emission 
and  concerning  the  reflection  emission.  The  separa- 
tor  incorporating  an  array  of  photodetectors  may,  on 
the  other  hand,  provide  a  large  number  of  channels 
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and  thus  permit  the  analysis  both  of  the  fluorescence 
signal  and  of  the  reflection  signal  (passive  signal). 

The  invention  further  provides  a  method  of  the 
abovementioned  type  which  permits  a  real-time  or 
quasi-real-time  processing  of  the  detected  data  with-  5 
out  being  influenced  by  spurious  factors. 

The  method  according  to  the  invention  is  essen- 
tially  defined  in  that  the  signals  obtained  from  the 
separation  of  the  backscattered  radiation  have  their 
ratio  formed,  two  by  two,  in  order  to  obtain  a  plurality  10 
of  values  of  ratios  of  signals,  which  are  compared  with 
values  of  ratios  which  are  predetermined  and  stored, 
corresponding  to  defined  targets  or  categories  of  tar- 
gets.  The  processing  may  take  place  in  real  time  or 
quasi-real  time,  but  may  also  be  undertaken  on  a  de-  15 
ferred  basis. 

The  invention  will  be  better  understood  with  ref- 
erence  to  the  description  and  the  accompanying 
drawing,  which  shows  a  practical  non-limiting  illustra- 
tive  embodiment  of  said  invention.  The  single  figure  20 
of  the  drawing  shows  a  diagram  of  the  operation  of  the 
device  according  to  the  invention. 

In  the  drawing,  the  reference  numeral  1  diagram- 
matically  indicates  a  laser  source  which  emits  a  beam 
of  radiations  F1  ,  which  is  reflected  by  a  system  of  mir-  25 
rors  3,  5  towards  the  target  (not  shown).  The  target, 
excited  by  the  laser  radiation,  emits  by  fluorescence 
a  backscattered  radiation  F2,  which  is  collected  by  an 
optical  system  7,  9  of  known  type.  The  focused  beam 
F3  is  passed  to  an  optical  channels  separator  11  30 
which  may  be  constructed  in  accordance  with  any  of 
the  techniques  which  are  conventional  for  this  type  of 
devices.  In  particular,  the  separator  11  may  be  con- 
structed  by  means  of  separate  photodetectors  asso- 
ciated  with  a  dispersion  system  or  alternatively  by  35 
means  of  an  array  of  photodetectors  in  accordance 
with  CCD  engineering. 

The  separator  11  separates  the  signal  into  n  elec- 
trical  signals  S1,  S2  Sn  which  are  proportional  to 
the  intensity  of  the  fluorescence  radiation  detected  in  40 
each  predetermined  specific  band.  The  number  of 
channels  of  the  separator,  and  thus  the  number  of  sig- 
nals  S1  Sn  which  are  obtained  at  the  output  of  the 
separator  11  ,  may  vary  from  a  few  tens  to  some  hun- 
dreds,  depending  upon  the  technology  employed  to  45 
construct  said  separator.  The  signals  S1,...Sn  have 
their  ratio  formed  in  order  to  obtain  a  series  of  signals 
R12  R1n,  R21  Rnn,  where 

Rij  =  Si/Sj 
The  ratios  Rij  may  be  obtained  by  means  of  hard-  50 

ware,  for  example  by  means  of  operational  amplifiers 
or  other  circuit  components,  and  then  converted  into 
digital  signals,  or  alternatively  by  means  of  software, 
with  analog/digital  conversion  of  the  signals  S1,...Sn. 
In  the  drawing,  the  reference  numeral  15  generally  in-  55 
dicates  functional  units  which  form  (by  means  of  soft- 
ware  or  by  means  of  hardware)  the  ratios  between  the 
signals  S1  Sj  and  execute  the  anologic/digital  con- 

version.  The  signals  Rij  obtained  in  this  manner  are 
passed  to  a  multiplexer  1  7  and  from  the  latter  to  a  mi- 
croprocessor  1  9,  to  which  data  stored  in  a  memory  21 
are  also  supplied,  in  order  to  undertake  the  analysis 
of  the  detected  signals.  In  particular,  the  memory  21 
contains  an  archive  of  data  comprising  a  series  of  val- 
ues  of  ratios  Rij'  at  various  wavelengths  of  the  stim- 
ulating  laser  emission.  Each  value  of  the  ratio  Rij'  cor- 
responds  to  a  specified  target  or  to  a  category  of  tar- 
gets  which  it  is  desired  to  identify  individually.  The 
comparison  between  the  ratios  Rij  obtained  on  the 
basis  of  the  signals  S1  Sn  separated  by  the  sepa- 
rator  11  and  the  stored  ratios  Rij'  permits  the  individ- 
ual  identification  of  the  type  or  the  category  of  target 
with  respect  to  which  the  detection  is  undertaken.  The 
comparison  may  be  undertaken  directly  and  without 
further  processing  of  the  signals  S1  Sn  which  are 
detected,  since  the  effects  of  any  possible  spurious 
factors  are  eliminated  when  the  ratio  between  two 
signals  Si,  Sj  is  formed. 

In  order  to  determine  and  to  optimize  the  number 
and  the  spectral  position  of  the  bands  corresponding 
to  the  various  channels  1  n  of  the  separator  11,  it 
is  possible  to  proceed  in  the  following  manner: 

-  for  each  type  or  category  of  targets  an  archive 
is  constructed,  containing  fluorescence  emis- 
sion  spectra  corresponding  to  the  wavelength 
selected  for  the  excitation,  i.e.  corresponding 
to  the  wavelength  of  the  stimulating  radiation 
from  the  laser; 

-  given  Sk'  and  SI'  two  intensities  of  the  flores- 
cence  signal  which  correspond  to  two  specific 
emission  wavelengths,  and  given  "a"  and  "b" 
two  targets,  or  categories  of  targets,  which  it  is 
desired  to  distinguish,  then  it  is  desired  to  ob- 
tain  the  two  wavelengths  which  maximize  the 
function 

=  (Rkla'  -  Rklb') K  '  '  (Rkla'  +  Rklb') 
summed  overall  the  elements  "a"  and  "b"  of  the 
set  of  targets  which  it  is  desired  to  distinguish 
in  the  detection  and  wear 

Rkl'  =  Sk'/SI' 
and  the  indices  "a"  and  "b"  indicate  that  the  ra- 
tio  relates  to  the  target  of  type  or  category  "a" 
and  "b"  respectively; 

-  applying  statistical  decision  criteria,  a  determi- 
nation  is  made  of  the  values  of  Rkl'  which  sep- 
arate  the  various  targets  or  various  categories 
of  targets.  These  values  constitute  the  data  of 
the  archive  contained  in  the  memory  21  and 
are  compared  with  values  Rij  obtained  from  the 
ratio  of  the  signals  S1  Sn  which  are  detect- 
ed. 

If  a  single  pair  of  wavelengths  are  not  sufficient 
to  identify  reliably  all  the  targets  or  categories  of  tar- 
gets  which  it  is  desired  to  distinguish  and  which  may 
be  simultaneously  present,  it  is  necessary  to  group  to- 
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gether  the  targets  in  respect  of  which  there  is  ambi- 
guity  and  to  determine,  using  the  criteria  set  forth 
hereinabove,  another  pair  of  wavelengths  and  the  as- 
sociated  values  of  Rkl'  for  each  such  group. 

Claims 

1.  A  multichannel  fluorescence  lidar  device  com- 
prising  a  source  for  the  emission  of  a  laser  beam, 
an  optical  receiving  system  to  focus  the  back- 
scattered  radiation,  an  optical  channels  separa- 
tor  and  means  for  processing  the  detected  sig- 
nals,  which  device  further  comprises  means  (15) 
for  forming  a  plurality  of  ratios,  two  by  two,  of  the 
signals  originating  from  said  optical  channels 
separator  (11),  and  means  (17,  19)  for  making  the 
comparison  between  the  values  of  said  ratios  and 
a  series  of  values  stored  in  an  archive  (21). 

2.  The  device  as  claimed  in  claim  1,  wherein  said 
means  for  forming  the  ratio  between  the  signals 
originating  from  said  optical  channels  separator 
comprise  electronic  processing  means  program- 
med  to  form  said  ratios  by  means  of  software. 

3.  The  device  as  claimed  in  claim  1,  wherein  said 
means  for  forming  the  ratio  between  the  signals 
originating  from  said  optical  channels  separator 
comprise  circuit  components  to  form  said  ratio  by 
means  of  hardware. 

4.  The  device  as  claimed  in  one  or  more  of  the  pre- 
ceding  claims,  wherein  said  means  for  making 
the  comparison  between  the  values  of  said  ratios 
and  a  series  of  stored  values  comprise  a  pro- 
grammed  electronic  processor  and  a  multiplexer 
for  passing  the  data  obtained  from  the  detection. 

5.  The  device  as  claimed  in  one  or  more  of  the  pre- 
ceding  claims,  wherein  said  optical  channels  sep- 
arator  comprises  a  matrix  of  CCD  photodetectors 
which  is  controlled  by  a  central  unit. 

6.  A  method  of  remote  sensing  using  a  multichannel 
fluorescence  lidar,  comprising  the  steps  of;  stim- 
ulating  the  emission  of  fluorescence  radiation 
from  the  target;  collecting  the  fluorescence  radi- 
ation  emitted  by  the  target;  separating  the  back- 
scattered  fluorescence  radiation  into  a  plurality 
of  channels  corresponding  to  predetermined 
emission  bands;  and  processing  the  signals  ob- 
tained  in  order  to  obtain  information  concerning 
the  target;  wherein  the  signals  obtained  from  the 
separation  of  the  backscattered  radiation  have 
their  ratio  formed  in  order  to  obtain  a  plurality  of 
values  of  ratios  of  signals,  which  are  compared 
with  values  of  ratios  which  are  predetermined  and 

stored,  corresponding  to  defined  targets  or  cate- 
gories  of  targets. 

7.  The  method  as  claimed  in  claim  6,  wherein  the 
5  comparison  between  the  values  of  the  ratios  ob- 

tained  from  the  detected  signals  and  the  stored 
values  is  made  in  real  time. 

10  Patentanspruche 

1.  Mehrkanal-Fluoreszenz-Lidargerat  mit  einer 
Quelle  fur  die  Aussendung  eines  Laserstrahls,  ei- 
nem  optischen  Empfangssystem  zum  Fokussie- 

15  ren  der  ruckgestreuten  Strahlung,  einem  opti- 
schen  Kanaltrennerund  Mitteln  zum  Verarbeiten 
der  detektierten  Signale,  wobei  das  Gerat  ferner 
aufweist  Mittel  (15)  zum  Bilden  einer  Vielzahl  von 
Verhaltnissen,  jeweils  paarweise,  der  von  dem 

20  optischen  Kanaltrenner  (11)  kommenden  Signa- 
le,  und  Mittel  (17,  19)  zur  Durchfuhrung  eines 
Vergleichs  zwischen  den  Werten  der  Verhaltnis- 
se  und  einer  Reihe  von  in  einem  Archiv  (21)  ge- 
speicherten  Werten. 

25 
2.  Gerat  nach  Anspruch  1,  bei  dem  die  Mittel  zum 

Bilden  der  Verhaltnisse  zwischen  den  von  dem 
optischen  Kanaltrenner  kommenden  Signalen 
elektronische  Datenverarbeitungsmittel  aufwei- 

30  sen,  die  mittels  Software  zur  Verhaltnisbildung 
programmiert  sind. 

3.  Gerat  nach  Anspruch  1,  bei  dem  die  Mittel  zum 
Bilden  der  Verhaltnisse  zwischen  den  von  dem 

35  optischen  Kanaltrenner  stammenden  Signalen 
Schaltungskomponenten  zur  Verhaltnisbildung 
mittels  Hardware  aufweisen. 

4.  Gerat  nach  einem  oder  mehreren  der  vorange- 
40  henden  Anspruche,  wobei  die  Mittel  zur  Bildung 

eines  Vergleichs  zwischen  den  Verhaltniswerten 
und  einer  Serie  von  gespeicherten  Werten  einen 
programmierten  elektrischen  Datenprozessor 
und  einen  Multiplexer  zum  Weiterleiten  der  von 

45  der  Detektierung  erhaltenen  Daten  umfassen. 

5.  Gerat  nach  einem  oder  mehreren  der  vorange- 
henden  Anspruche,  wobei  der  optische 
Kanaltrenner  eine  Matrix  von  CCD-Fotodetekto- 

50  ren  umfalit,  die  von  einer  Zentraleinheitgesteuert 
wird. 

6.  Verfahren  zur  Fernmessung  unter  Verwendung 
eines  Mehrkanal-Fluoreszenz-Lidar  mit  den 

55  Schritten: 
Stimulieren  der  Emission  von  Fluoreszenzstrah- 
lung  von  dem  Ziel;  Auffangen  der  von  dem  Ziel 
emittierten  Fluoreszenzstrahlung;  Trennung  der 
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rtickgestreuten  Fluoreszenzstrahlung  in  eine 
Vielzahl  von  Kanalen,  die  vorgegebenen  Emissi- 
onsbandern  entsprechen,  und  Verarbeiten  der 
erhaltenen  Signale  zur  Gewinnung  von  Informa- 
tion  uber  das  Ziel;  wobei  von  den  aus  der  Tren- 
nung  der  rtickgestreuten  Strahlung  erhaltenen 
Signalen  ihre  Verhaltnisse  gebildet  werden,  urn 
eine  Vielzahl  von  Verhaltniswerten  der  Signale 
zu  erhalten,  die  mit  vorgegebenen  und  gespei- 
cherten  Verhaltniswerten,  die  definierten  Zielen 
oderZielkategorien  entsprechen,  verglichen  wer- 
den. 

7.  Verfahren  nach  Anspruch  6,  bei  dem  der  Ver- 
gleich  zwischen  den  aus  den  detektierten  Signa- 
len  erhaltenen  Verhaltniswerten  und  den  gespei- 
cherten  Werten  in  Realzeit  durchgefuhrt  wird. 

Revendications 

photodetecteurs  a  CCD  qui  est  commandee  par 
une  unite  centrale. 

6.  Procede  de  teledetection  utilisant  un  lidar  a  f  luo- 
5  rescence  multicanaux,  comprenant  les  etapes 

consistant  a:  stimuler  remission  d'un  rayonne- 
ment  de  fluorescence  par  la  cible;  recueillir  le 
rayonnement  de  fluorescence  emis  par  la  cible; 
separer  le  rayonnement  de  fluorescence  retro- 

10  diffuse  en  une  pluralite  de  canaux  correspondant 
a  des  bandes  d'emission  predeterminees;  ettrai- 
ter  les  signaux  obtenus  af  in  d'obtenir  des  infor- 
mations  concernant  la  cible;  dans  lequel  les  si- 
gnaux  obtenus  a  partirde  la  separation  du  rayon- 

15  nement  retrodiffuse  ont  leur  rapport  forme  pour 
obtenir  une  pluralite  de  valeurs  de  rapports  de  si- 
gnaux  qui  sont  comparees  a  des  valeurs  de  rap- 
ports  qui  sont  predeterminees  et  memorisees  en 
corrrespondance  avec  des  cibles  ou  categories 

20  de  cibles  predeterminees. 

Dispositif  lidar  a  fluorescence  multicanaux, 
comprenant  une  source  pour  remission  d'un  fais- 
ceau  laser,  un  systeme  recepteur  optique  pourfo- 
caliser  le  rayonnement  retrodiffuse,  un  separa- 
tes  optiquede  canaux  et  des  moyens  pourtraiter 
les  signaux  detectes,  lequel  dispositif  comprend 
en  outre  des  moyens  (15)  pour  former  une  plura- 
lite  de  rapports,  deux  a  deux,  des  signaux  prove- 
nant  dudit  separateur  optique  de  canaux  (11),  et 
des  moyens  (17,  19)  pourfaire  une  comparaison 
entre  les  valeurs  desdits  rapports  et  une  serie  de 
valeurs  memorisees  dans  une  table  (21). 

25 

30 

7.  Procede  selon  la  revendication  6,  dans  lequel  la 
comparaison  entre  les  valeurs  des  rapports  ob- 
tenus  a  partirdes  signaux  detectes  et  les  valeurs 
memorisees  est  faite  en  temps  reel. 

Dispositif  selon  la  revendication  1,  dans  lequel  35 
lesdits  moyens  pourformerle  rapport  entre  les  si- 
gnaux  provenant  dudit  separateur  optique  de  ca- 
naux  comprennent  des  moyens  eleectroniques 
de  traitement  programmes  pour  former  lesdits 
rapports  par  voie  logicielle.  40 

Dispositif  selon  la  revendication  1,  dans  lequel 
lesdits  moyens  pourformerle  rapport  entre  les  si- 
gnaux  provenant  dudit  seperateur  optique  de  ca- 
naux  comprennent  des  composants  de  circuit 
pour  former  ledit  rapport  par  voie  materielle. 

45 

Dispositif  selon  une  ou  plusieurs  des  revendica- 
tions  precedentes,  dans  lequel  lesdits  moyens 
pourfaire  une  comparaison  entre  les  valeurs  des- 
dits  rapports  et  une  serie  de  valeurs  memorisees 
comprennent  un  processeur  electronique  pro- 
gramme,  et  un  multiplexeur  pourtransmettre  les 
donnees  obtenues  a  partir  de  la  detection. 

Dispositif  selon  une  ou  plusieurs  des  revendica- 
tions  precedentes,  dans  lequel  ledit  separateur 
optique  de  canaux  comprend  une  matrice  de 
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