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Description 

This  invention  relates  to  a  spectrophotometric 
instrument  of  the  type  in  which  a  narrow  band  of 
the  spectrum  is  detected  by  a  photodetector  and 
this  narrow  band  is  rapidly  scanned  through  the 
spectrum. 

One  type  of  instrument  to  which  the  present 
invention  relates  employs  an  optical  grating,  which 
receives  light  through  an  entrance  slit  and  dis- 
perses  the  received  light  into  a  spectrum  directed 
toward  an  exit  slit.  The  optical  grating  is  oscillated 
to  rapidly  scan  the  light  transmitted  through  the  exit 
slit  through  the  spectrum  dispersed  by  the  grating. 
Such  an  instrument  is  disclosed  in  U.S.  Patent  No. 
4,285,596  to  Isaac  J.  Landa.  Another  such  instru- 
ment  is  disclosed  in  copending  application  pub- 
lished  as  US-A-4  969  739  invented  by  Philip  A. 
McGee  and  assigned  to  the  assignee  of  the 
present  invention.  Alternatively,  the  present  inven- 
tion  is  also  applicable  to  the  instruments  which 
employ  filters,  which  are  tilted  as  they  pass 
through  a  light  beam  to  scan  the  transmitted  light 
through  a  spectrum.  Such  an  instrument  is  dis- 
closed  in  U.S.  Patent  No.  4,040,747  to  Donald  R. 
Webster.  Both  types  of  instruments,  the  oscillating 
grating  type  and  the  tilting  filter  type,  are  advanta- 
geously  employed  operating  over  a  spectrum  cov- 
ering  the  near  infrared  to  analyze  agricultural  pro- 
ducts,  such  as  grain  samples.  Such  instruments,  by 
measuring  the  reflectivity  of  the  sample  at  narrow 
wavelength  increments  operate  to  accurately  deter- 
mine  the  oil,  protein,  and  water  content  of  a  grain 
sample  as  more  fully  set  forth  in  the  above  men- 
tioned  Webster  patent  No.  4,040,747. 

In  the  oscillating  grating  type  instruments,  such 
as  those  disclosed  in  the  above  mentioned  Landa 
patent  and  McGee  application,  the  narrow  band- 
width  of  light,  which  is  transmitted  through  the  exit 
slit  illuminates  a  sample  to  be  analyzed.  Light 
reflected  from  the  sample  is  detected  by 
photodetectors  and  the  resulting  photodetector  sig- 
nal  is  amplified  and  then  converted  to  a  sequence 
of  digital  values,  each  representing  the  energy  re- 
flected  at  an  incremental  point  distributed  along  the 
spectrum  being  scanned  as  the  grating  oscillates. 
The  digital  values  are  applied  to  a  computer,  where 
they  are  received  and  are  used  to  analyze  the 
sample  such  as  to  determine  the  oil,  protein,  and 
water  content  of  a  grain  sample. 

A  limit  on  how  fast  a  spectrum  can  be  scanned 
over  the  photodetector  is  determined  by  the  re- 
sponse  time  of  the  photodetectors  and  the  amplifier 
connected  to  amplify  the  output  signal  from  the 
photodetectors.  When  the  spectrum  is  scanned  too 
rapidly,  the  output  signal  of  the  amplifier  will  fail  to 
reach  its  equilibrium  value  at  each  incremental 
point  at  which  the  output  value  is  converted  to  a 

digital  value.  As  a  result,  the  digital  values  received 
by  the  computer  will  be  distorted  and  will  fail  to 
accurately  represent  the  reflected  energy  from  the 
sample  at  each  increment  of  the  spectrum  at  which 

5  the  output  signal  from  the  amplifier  is  converted  to 
a  digital  value. 

SUMMARY  OF  THE  INVENTION 

io  In  accordance  with  the  present  invention,  the 
first  derivative  of  the  output  signal  from  the  am- 
plifier  is  determined  as  the  narrow  wavelength  band 
being  received  by  the  photodetector  is  scanned 
through  the  spectrum  at  a  rapid  rate  faster  than 

75  would  normally  be  permitted  by  the  response  time 
of  the  photodetectors  and  amplifier.  The  first  de- 
rivative  is  determined  by  subtracting  from  the  out- 
put  signal  of  the  amplifier  at  each  incremental 
point,  the  output  signal  of  the  amplifier  at  the 

20  preceding  incremental  point  to  determine  a  set  of 
difference  values  representing  the  first  derivative  of 
the  output  signal  at  each  incremental  point.  The 
difference  values  are  determined  by  the  digital 
computer  and  then  each  difference  value  is  multi- 

25  plied  by  a  correction  factor  to  determine  a  correc- 
tion  value  for  each  incremental  point  on  the  spec- 
trum  for  which  a  digital  value  representing  reflec- 
tance  is  received.  The  correction  values  are  then 
added  to  the  digital  values  representing  the  am- 

30  plifier  output  at  each  incremental  point  to  provide  a 
corrected  set  of  values  for  each  incremental  point 
along  the  spectrum.  By  adding  the  fraction  of  the 
derivative  to  the  amplifier  output  values,  the  system 
corrects  for  the  distortion  of  the  output  signal  caus- 

35  ed  by  the  rapid  scanning.  The  corrected  set  of 
values  are  then  employed  in  a  conventional  analy- 
sis  of  the  sample.  With  the  system  of  the  invention, 
an  accurate  analysis  of  the  sample  is  obtained 
even  though  the  spectrum  is  scanned  at  a  rate 

40  which  is  faster  than  that  normally  permitted  for  the 
response  time  of  the  photodetectors  and  the  am- 
plifier. 

To  determine  the  correction  factor  to  be  multi- 
plied  by  each  derivative  value  to  determine  the 

45  correction  values,  a  standard  sample  is  scanned  by 
the  instrument  at  a  slow  rate,  that  is  sufficiently 
slow  for  the  output  signal  of  the  amplifier  each 
incremental  point  to  reach  the  equilibrium  value. 
The  same  sample  is  then  scanned  at  a  rapid  rate, 

50  that  is  at  the  same  rate  that  a  test  sample  to  be 
analyzed  is  to  be  scanned.  The  correction  factor  is 
then  determined  by  least  squares  averaging  from 
the  data  at  several  points  distributed  along  the 
spectrum. 

55 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  schematically  illustrates  an  example  of 
an  instrument  in  which  the  present  invention  is 
employed; 
Figure  2  is  a  flow  of  a  computer  program  em- 
ployed  in  the  computer  of  the  instrument  of 
Figure  1  in  accordance  with  the  present  inven- 
tion;  and 
Figure  3  is  a  flow  chart  of  a  computer  program 
used  to  determine  a  constant  employed  in  the 
program  of  Figure  2. 

DETAILED  DESCRIPTION  OF  A  PREFERRED  EM- 
BODIMENT 

Figure  1  schematically  illustrates  an  instrument 
of  the  type  to  which  the  present  invention  is  ap- 
plicable.  An  example  of  such  an  instrument  is  dis- 
closed  in  detail  in  the  above  mentioned  copending 
published  as  US-A-4  969  739.  As  shown  in  Figure 
1,  the  instrument  comprises  a  near  infrared  spec- 
trophotometer  11  having  an  oscillating  diffraction 
grating  13.  The  spectrophotometer  11  directs  light 
with  a  narrow  wavelength  band  through  exit  slit 
optics  15  to  a  sample  17.  As  the  grating  oscillates, 
the  center  wavelength  of  the  light  that  irradiates  the 
sample  is  swept  through  the  near  infrared  spec- 
trum.  Light  from  the  diffraction  grating  that  is  re- 
flected  by  the  sample  17  is  detected  by  infrared 
photodetectors  19.  Photodetectors  19  generate  a 
signal  that  is  transmitted  to  an  analog-to-digital 
converter  22  by  an  amplifier  20.  An  indexing  sys- 
tem  23  generates  pulses  as  the  grating  13  os- 
cillates  and  applies  these  pulses  to  a  computer  21 
and  to  the  analog-to-digital  converter  22.  In  re- 
sponse  to  the  pulses  from  the  indexing  system  23, 
the  analog-to-digital  converter  converts  successive 
samples  of  the  output  signal  of  the  amplifier  20  to 
digital  values,  which  are  stored  in  the  computer  21  . 
Each  digital  value  thus  corresponds  to  the  output  of 
the  amplifier  20  at  a  specific  wavelength  in  the  near 
infrared  irradiating  the  sample.  The  computer  21 
monitors  the  angular  position  of  the  grating  13,  and 
accordingly,  the  wavelength  irradiating  the  sample, 
as  the  grating  oscillates,  by  counting  the  pulses 
produced  by  the  indexing  system  13.  The  pulses 
produced  by  the  indexing  system  13  define  in- 
cremental  index  points,  at  which  values  of  the 
output  signal  of  the  amplifier  20  are  converted  to 
digital  values  and  stored  in  the  computer  21.  The 
index  points  are  distributed  incrementally  through- 
out  the  near  infrared  spectrum,  each  index  point 
corresponding  to  a  different  wavelength  at  which 
the  sample  is  irradiated. 

To  analyze  a  test  sample,  data  is  acquired  first 
from  a  standard  sample  and  then  data  is  acquired 
from  the  test  sample.  In  accordance  with  the  inven- 

tion,  the  grating  is  oscillated  at  such  a  high  rate 
that  the  output  signal  from  the  photodetectors  19, 
as  well  as  from  the  amplifier  20  is  distorted;  that  is 
these  signals  do  not  have  time  to  reach  their  equi- 

5  librium  values  and  accordingly,  the  output  signal  of 
the  amplifier  20  does  not  correctly  represent  the 
reflected  intensity  from  the  sample  17. 

In  accordance  with  the  present  invention,  a 
standard  sample  is  repeatedly  scanned  at  a  high 

io  rate,  for  example  20  times  to  acquire  20  sets  of 
data  from  the  standard  sample,  each  set  of  data 
comprising  a  set  of  digital  values  with  each  digital 
value  of  the  set  corresponding  to  the  output  signal 
from  the  amplifier  at  each  incremental  index  point 

is  in  the  spectrum  for  one  scan  through  the  spectrum. 
As  shown  in  the  flowchart  of  Fig.  2,  the  program 
controlling  the  computer  22  in  instruction  sequence 
31  acquires  and  stores  the  20  sets  of  data  from  the 
standard  sample  as  the  standard  sample  is  being 

20  scanned  at  a  rapid  rate.  After  the  data  from  the 
standard  sample  is  acquired,  the  program  of  the 
computer  proceeds  into  instruction  sequence  33  in 
which  the  data  at  each  incremental  index  point  in 
the  20  sets  of  data  is  averaged  to  get  an  average 

25  value  for  each  incremental  point.  The  standard 
sample  receiving  the  light  from  the  exit  slit  optics  is 
then  replaced  by  the  test  sample,  that  is  the  sam- 
ple  which  is  to  be  analyzed  by  the  instrument.  The 
grating  13  is  then  again  oscillated  at  a  high  rate  to 

30  scan  the  light  irradiating  the  test  sample  through 
the  near  infrared  spectrum.  This  scanning  is  re- 
peated  20  times  so  that  the  computer  acquires  and 
stores  20  sets  of  data  from  the  test  sample.  This 
step  of  the  program  in  Fig.  2  is  represented  by 

35  instruction  sequence  37.  Following  the  acquisition 
of  the  data  from  the  test  sample,  the  computer 
enters  instruction  sequence  39,  in  which  it  aver- 
ages  the  values  obtained  from  each  incremental 
point  in  the  20  sets  of  data  from  the  test  sample  to 

40  obtain  an  average  value  of  the  output  signal  from 
the  amplifier  20  at  each  incremental  point  distrib- 
uted  throughout  the  infrared  spectrum  for  the  test 
sample. 

Because  the  reflectivity  of  the  samples  vary 
45  throughout  the  spectrum  and  because  the  intensity 

of  the  narrow  wavelength  band  passing  through  the 
exit  slit  also  varies  throughout  the  spectrum,  the 
intensity  of  the  reflected  energy  from  the  sample 
will  vary  up  and  down  in  a  continuous  curve  as  the 

50  grating  scans  the  wavelength  through  the  spec- 
trum.  The  set  of  average  values  at  each  incre- 
mental  point  stored  for  the  standard  sample  in 
instruction  sequence  33  and  stored  for  the  test 
sample  in  instruction  sequence  37  will  represent 

55  incremental  points  along  the  continuous  curves  re- 
presenting  the  average  output  signal  of  the  am- 
plifier  20  as  the  wavelength  irradiating  the  sample 
is  scanned  through  the  near  infrared  spectrum. 

3 
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Following  the  averaging  step  in  instruction  se- 
quence  39,  the  program  enters  instruction  se- 
quence  41  ,  in  which  the  first  derivative  of  the  curve 
representing  the  variations  in  the  signal  from  the 
amplifier  20  for  the  standard  sample  and  the  cor- 
responding  first  derivative  for  the  test  sample  are 
determined.  To  determine  the  value  of  the  first 
derivative  at  a  given  incremental  point  in  the  spec- 
trum,  the  average  value  from  the  immediately  pre- 
ceding  point  is  subtracted  from  the  average  value 
at  the  incremental  point.  The  difference  represents 
the  derivative  at  the  incremental  point.  By  carrying 
out  this  subtraction  step  for  each  incremental  point, 
a  set  of  difference  values,  one  for  each  incremental 
point,  is  obtained  in  instruction  sequence  39  for 
both  the  standard  sample  and  the  tests  sample. 
These  sets  of  difference  values  represent  the  first 
derivatives  of  the  curves  which  represent  the  vari- 
ation  in  the  average  value  of  the  corresponding 
output  signal  from  the  amplifier  20. 

Following  instruction  sequence  41  ,  the  program 
enters  instruction  sequence  43,  in  which  the  dif- 
ference  values  determined  in  instruction  sequence 
41  are  each  multiplied  by  a  correction  factor.  The 
resulting  product  is  added  to  the  average  value 
representing  the  average  output  value  from  the 
amplifier  20  determined  at  the  corresponding  in- 
cremental  point  in  instruction  sequence  44.  The 
resulting  sum  at  each  incremental  point  will  repre- 
sent  the  intensity  of  the  reflected  energy  at  the 
incremental  point  corrected  for  the  distortion  caus- 
ed  by  the  rapid  scanning  through  the  near  infrared 
spectrum.  This  step  of  multiplying  the  difference 
values  representing  the  first  derivative  times  the 
correction  factor  and  adding  the  resulting  product 
back  to  the  original  average  value  obtained  from 
the  incremental  point  is  done  both  for  the  averaged 
set  of  data  from  the  standard  sample  and  the 
averaged  set  of  data  from  the  test  sample  so  as  to 
obtain  a  corrected  set  of  intensity  values  for  both 
the  standard  sample  and  the  test  sample.  The  ratio 
of  the  corrected  data  from  the  test  sample  to  the 
corrected  data  from  the  standard  sample  is  then 
determined  at  each  incremental  point  in  instruction 
sequence  45.  The  resulting  set  of  ratios  will  repre- 
sent  the  reflectivity  of  the  test  sample  at  each 
incremental  point.  From  the  resulting  ratios,  the 
sample  is  analyzed  in  instruction  sequence  47.  For 
example,  in  a  grain  sample,  the  percentages  of 
oil,  protein,  and  water  can  be  determined.  The 
method  of  using  the  reflectivity  data  to  determine 
the  constituents  of  grain  sample  is  disclosed  in 
U.S.  Patent  No.  3,861,788. 

Another  method  of  analyzing  a  sample  by 
which  a  composition  is  identified  or  compared  with 
another  composition  is  disclosed  in  U.S.  Patent  No. 
4,766,551. 

The  program  for  computing  the  correction  co- 
efficient  is  shown  in  Fig.  3.  As  shown  in  Fig.  3,  in 
the  first  instruction  sequence  51  of  the  program, 
data  is  acquired  from  the  standard  sample  by 

5  scanning  the  sample  several  times,  e.g.  20  times  at 
a  slow  rate,  to  obtain  20  sets  of  values,  each  set 
representing  the  intensities  of  reflection  at  the  in- 
cremental  points  distributed  throughout  the  infrared 
spectrum.  The  values  obtained  in  step  51  are  then 

io  averaged  for  each  incremental  point  in  instruction 
sequence  53  to  obtain  an  average  intensity  value  at 
each  incremental  point.  Following  this  instruction 
sequence,  in  instruction  sequence  55,  data  is  ac- 
quired  from  the  standard  sample  by  scanning  the 

is  standard  sample  at  a  high  speed  20  times  to  obtain 
20  sets  of  values,  each  set  representing  the  output 
of  the  amplifier  20  at  each  of  the  incremental  points 
as  the  light  incident  on  the  sample  is  scanned 
through  the  infrared  spectrum.  Following  the  ac- 

20  quisition  of  data  by  the  high  speed  scan,  the  data 
obtained  in  instruction  sequence  55  is  averaged  at 
each  incremental  point  in  instruction  sequence  57 
to  obtain  a  set  of  average  values  representing  the 
average  output  of  the  amplifier  20  at  each  of  the 

25  incremental  points  during  the  high  speed  scan. 
Following  instruction  sequence  57,  the  program 
enters  instruction  sequence  59,  in  which  the  first 
derivative  of  the  curve  represented  by  the  average 
values  obtained  in  instruction  sequence  57  is  deter- 

30  mined.  This  step  is  carried  out  by  subtracting  from 
each  value  the  value  at  the  preceding  incremental 
point  to  obtain  a  difference  value.  Following  instruc- 
tion  sequence  59,  the  program  enters  instruction 
sequence  61,  in  which  the  program  computes  the 

35  difference  between  the  average  data  values  ob- 
tained  in  instruction  sequence  53  from  the  average 
values  at  the  same  points  in  the  data  obtained  in 
instruction  sequence  57  at  five  selected  increment- 
al  points.  The  average  intensity  values  determined 

40  in  instruction  sequence  53  are  assumed  to  repre- 
sent  the  undistorted  values  of  the  reflected  inten- 
sity  at  each  incremental  point.  Using  these  five 
difference  values  obtained  in  instruction  sequence 
61  and  the  values  of  the  first  derivative  computed 

45  during  the  instruction  sequence  59  at  the  same 
incremental  points,  the  correction  factor  to  be  used 
in  the  program  of  Fig.  2  is  computed  by  least 
squares  regression  in  instruction  sequence  62.  In 
this  computation,  the  formula  for  computing  the 

50  correction  factor  is  as  follows: 

v  
552  XY  -  5(2  XJ  (S  Yn) 

55  5  2  Xn2  -  (I  X J 2  
n-l  n  .  n-l 
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In  the  above  formula,  the  correction  factor  is  repre- 
sented  by  K,  the  first  derivative  values  at  the  five 
selected  points  are  represented  by  Xi  through  X5, 
the  difference  values  at  each  of  the  five  selected 
points  determined  in  instruction  sequence  61  are 
represented  by  Y1  through  Y5.  When  this  correc- 
tion  coefficient  has  been  computed,  it  is  stored  in 
the  computer  memory  in  instruction  sequence  65. 

When  the  correction  factor  has  been  computed 
and  stored  in  the  memory  for  a  given  high  speed 
scanning  rate,  the  instrument  may  repeatedly  ana- 
lyze  samples  at  the  high  speed  scanning  rate,  at 
which  the  output  of  the  amplifier  20  would  be 
considerably  distorted  and  accurate  values  of  re- 
flectivity  of  the  instrument  at  each  of  the  incre- 
mental  points  on  the  spectrum  will  be  obtained. 
The  degree  of  distortion  correction  achieved  by  the 
invention  can  be  appreciated  by  observing  the  re- 
duction  in  the  shift  in  the  output  signal  peaks 
produced  in  response  to  reflected  energy  peaks 
from  a  calibration  sample.  When  a  typical  instru- 
ment  is  operated  at  about  four  times  the  rate  at 
which  accurate  measurements  can  be  made,  a 
peak  in  the  output  signal  will  be  shifted  an  apparent 
0.  75  nanometers  from  the  wavelength  at  which  the 
peak  in  reflected  intensity  occurs.  When  the  distor- 
tion  is  corrected  in  accordance  with  the  present 
invention,  the  apparent  Waveshift  is  reduced  to  0.09 
namometers. 

In  the  preferred  embodiment  as  described 
above,  the  detected  energy  is  described  as  being 
reflected  from  the  sample  to  be  analyzed.  Alter- 
natively,  the  energy  may  be  transmitted  through 
the  sample.  The  system  for  carrying  out  the  com- 
putation  to  correct  the  distortion  is  described  as  a 
digital  system  in  the  preferred  embodiment.  Alter- 
natively,  the  correction  can  be  carried  out  by  ana- 
log  circuitry  components.  In  an  analog  sys- 
tem.analog  circuits  would  determine  the  first  de- 
rivative,  multiply  the  first  derivative  times  a  correc- 
tion  factor  and  add  the  resulting  product  to  the 
amplifier  output  as  the  wavelength  is  being 
scanned  through  the  spectrum.  Instead  of  irradiat- 
ing  the  sample  with  the  output  from  the  spec- 
trophotometer,  the  sample  can  be  irradiated  with 
constant  wide  band  light  and  the  light  transmitted 
through  or  reflected  from  the  sample  applied  to  the 
spectrophotometer.  These  and  other  modifications 
of  the  preferred  embodiment  of  the  invention  may 
be  made  without  departing  from  the  scope  of  the 
invention,  which  is  defined  in  the  appended  claims. 

Claims 

1.  A  spectrophotometric  instrument  comprising 
spectroscopic  means  to  scan  the  wavelength 
of  a  narrow  wavelength  band  of  light  through  a 
predetermined  spectrum  at  a  rapid  rate, 

photodetecting  means  to  detect  the  intensity  of 
the  energy  in  said  band  throughout  said  spec- 
trum  and  generate  a  variable  output  signal  in 
response  thereto,  the  rate  of  scanning  by  said 

5  spectroscopic  means  being  sufficiently  rapid 
relative  to  the  response  time  of  said 
photodetecting  means  that  there  is  substantial 
distortion  in  the  output  signal  of  said 
photodetecting  means  relative  to  the  intensity 

10  of  the  energy  in  the  detected  narrow 
wavelength  band,  computer  means  to  (1)  de- 
termine  an  amplitude  value  varying  with  the 
amplitude  of  the  output  signal  of  said 
photodetecting  means  at  each  of  a  multiplicity 

15  incremental  points  distributed  throughout  said 
spectrum,  (2)  subtract  from  the  value  deter- 
mined  at  each  incremental  point  the  value  de- 
termined  at  the  immediately  preceding  incre- 
mental  point  to  determine  a  set  of  difference 

20  values,  one  for  each  incremental  point,  (3)  mul- 
tiply  the  difference  values  by  a  predetermined 
constant,  and  (4)  add  the  resulting  product  at 
each  incremental  point  to  the  corresponding 
amplitude  value. 

25 
2.  A  spectrophotometric  instrument  as  recited  in 

claim  1,  wherein  the  intensity  of  energy  de- 
tected  by  said  photodetecting  means  is  re- 
flected  from  a  sample. 

30 
3.  A  method  of  operating  a  scanning  type  spec- 

trophotometric  instrument  of  the  type  which 
scans  the  wavelength  of  a  narrow  wavelength 
band  of  light  detected  by  photodetecting 

35  means  through  a  predetermined  spectrum, 
wherein  said  photodetecting  means  generates 
an  output  signal  in  response  to  the  intensity  of 
the  light  energy  detected,  comprising  the  steps 
of  scanning  said  wave-length  through  said 

40  spectrum  at  a  sufficiently  rapid  rate  that  the 
output  signal  of  said  photodetecting  means  is 
distorted  relative  to  the  intensity  of  the  light 
energy  detected  by  said  photodetecting 
means,  determining  an  amplitude  value  varying 

45  with  the  amplitude  of  the  output  signal  of  said 
photodetecting  means  at  each  of  a  multiplicity 
of  incremental  points  distributed  throughout 
said  spectrum,  subtracting  from  the  amplitude 
value  determined  at  each  incremental  point  the 

50  amplitude  value  determined  at  the  immediately 
preceding  incremental  point  to  determine  a  set 
of  difference  values,  one  for  each  incremental 
point,  multiplying  each  of  said  difference  val- 
ues  by  a  constant  selected  to  correct  for  the 

55  distortion,  and  adding  the  resulting  product  de- 
termined  for  each  incremental  point  to  the  am- 
plitude  value  determined  at  such  incremental 
point. 

5 
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4.  A  method  of  analyzing  a  test  sample  compris- 
ing  irradiating  said  test  sample  with  a  narrow 
wavelength  band  of  light,  rapidly  scanning  the 
wavelength  of  said  narrow  wavelength  band 
through  a  predetermined  spectrum,  detecting 
the  intensity  of  the  light  energy  reflected  from 
said  sample  with  photodetecting  means  and 
generating  an  output  signal  in  response  there- 
to,  said  step  of  scanning  being  at  a  sufficiently 
rapid  rate  that  the  output  signal  of  said 
photodetecting  means  is  substantially  distorted 
relative  to  the  intensity  of  light  energy  detected 
by  said  photodetecting  means,  determining  a 
set  of  amplitude  values  varying  with  the  am- 
plitude  of  the  output  of  said  photodetecting 
means,  determining  a  set  of  values  represent- 
ing  the  first  derivative  of  the  function  repre- 
sented  by  said  set  of  amplitude  values,  mul- 
tiplying  said  set  of  values  representing  first 
derivative  times  a  constant  selected  to  correct 
for  said  distortion,  and  adding  the  resulting 
products  to  the  corresponding  amplitude  val- 
ues  determined  at  each  incremental  point. 

Patentanspruche 

1.  Spektrophotometrisches  Instrument,  aufwei- 
send  eine  spektroskopische  Einrichtung,  urn 
die  Wellenlange  eines  engen  Wellenlangen- 
bandes  des  Lichtes  uber  ein  vorbestimmtes 
Spektrum  mit  einer  hohen  Geschwindigkeit  ab- 
zutasten,  eine  Photodetektoreinrichtung,  urn 
die  Intensitat  der  Energie  in  dem  Band  des 
Spektrums  festzustellen  und  ein  variables  auf 
diese  ansprechendes  Ausgangssignal  zu  er- 
zeugen,  wobei  die  Abtastgeschwindigkeit  der 
spektroskopischen  Einrichtung  in  bezug  auf  die 
Ansprechzeit  der  Photodetektoreinrichtung 
ausreichend  hoch  ist,  so  dal3  eine  starke  Ver- 
zerrung  im  Ausgangssignal  der  Photodetektor- 
einrichtung  hinsichtlich  der  Intensitat  der  Ener- 
gie  in  dem  detektierten  engen  Wellenlangen- 
band  vorhanden  ist,  eine  Computereinrichtung, 
urn  (1)  einen  Amplitudenwert  zu  bestimmen, 
der  sich  mit  der  Amplitude  des  Ausgangssi- 
gnals  der  Photodetektoreinrichtung  an  jedem 
einer  Mehrzahl  von  Rasterpunkten  andert,  die 
uber  das  Spektrum  verteilt  sind,  (2)  urn  von 
dem  Wert  an  jedem  Rasterpunkt  den  Wert 
abzuziehen,  der  am  unmittelbar  vorhergehen- 
den  Rasterpunkt  ermittelt  worden  ist,  urn  fur 
jeden  Rasterpunkt  einen  Satz  von  Differenz- 
werten  zu  ermitteln,  (3)  urn  die  Differenzwerte 
mit  einer  vorbestimmten  Konstante  zu  multipli- 
zieren,  und  (4)  das  sich  ergebende  Produkt  fur 
jeden  Rasterpunkt  zu  dem  entsprechenden 
Amplitudenwert  hinzuzuziehen. 

2.  Spektrophotometrisches  Instrument  nach  An- 
spruch  1,  wobei  die  Intensitat  der  durch  die 
Photodetektoreinrichtung  festgestellten  Energie 
von  einer  Probe  reflektiert  wird. 

5 
3.  Verfahren  zum  Betreiben  eines  Abtast-Spektro- 

photometers  derjenigen  Art,  bei  welcher  die 
Wellenlange  eines  engen  Wellenlangenbandes 
des  Lichtes  abgetastet  wird,  das  durch  eine 

io  Photodetektoreinrichtung  uber  ein  vorbestimm- 
tes  Spektrum  detektiert  worden  ist,  wobei  die 
Photodetektoreinrichtung  ein  Ausgangssignal 
im  Ansprechen  auf  die  Intensitat  der  festge- 
stellten  Lichtenergie  erzeugt,  aufweisend  die 

is  Stufen  des  Abtastens  der  Wellenlange  durch 
das  Spektrum  mit  einer  ausreichend  hohen 
Abtastgeschwindigkeit,  so  dal3  das  Ausgangssi- 
gnal  der  Photodetektoreinrichtung  hinsichtlich 
der  Intensitat  der  durch  die  Photodetektorein- 

20  richtung  detektierten  Energie  verformt  ist,  Fest- 
stellen  eines  Amplitudenwertes,  welcher  sich 
mit  der  Amplitude  des  Ausgangssignals  der 
Photodetektoreinrichtung  fur  jeden  einer  Mehr- 
zahl  von  Rasterpunkten  andert,  die  uber  das 

25  Spektrum  verteilt  sind,  Verringern  des  Amplitu- 
denwertes,  welcher  fur  jeden  Rasterpunkt  be- 
stimmt  worden  ist,  urn  den  Amplitudenwert, 
der  an  dem  unmittelbar  vorangehenden  Ra- 
sterpunkt  ermittelt  worden  ist,  urn  einen  Satz 

30  von  Differenzwerten  fur  jeden  Rasterpunkt  zu 
bilden,  Multiplizieren  jedes  der  Differenzwerte 
mit  einer  Konstanten,  die  so  ausgewahlt  wor- 
den  ist,  urn  die  Verzerrung  zu  korrigieren,  und 
Hinzufugen  des  resultierenden  Produktes,  wel- 

35  ches  fur  jeden  Rasterpunkt  ermittelt  worden 
ist,  zu  demjenigen  Amplitudenwert,  der  fur  je- 
den  Rasterpunkt  bestimmt  worden  ist. 

4.  Verfahren  zum  Analysieren  einer  Testprobe, 
40  umfassend  die  Bestrahlung  der  Testprobe  mit 

einem  engen  Lichtwellenband,  rasches  Abta- 
sten  der  Wellenlange  des  engen  Wellenlan- 
genbandes  durch  ein  vorbestimmtes  Spektrum, 
Feststellen  der  Intensitat  der  von  der  Probe 

45  reflektierten  Lichtenergie  mit  einer  Photodetek- 
toreinrichtung  und  Erzeugen  eines  auf  diese 
ansprechenden  Ausgangssignals,  wobei  die 
Stufe  des  Abtastens  mit  einer  ausreichend  ho- 
hen  Geschwindigkeit  durchgefuhrt  wird,  so  dal3 

50  das  Ausgangssignal  der  Photodetektoreinrich- 
tung  in  bezug  auf  die  Intensitat  der  durch  die 
Photodetektoreinrichtung  detektierten  Lichten- 
ergie  verzerrt  ist,  Bestimmen  eines  Satzes  von 
Amplitudenwerten,  die  mit  der  Amplitude  des 

55  Ausgangs  der  Photodetektoreinrichtung  variie- 
ren,  Bestimmen  eines  Satzes  von  Werten,  die 
die  erste  Ableitung  der  Funktion  darstellen,  die 
durch  den  Satz  der  Amplitudenwerte  wiederge- 
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geben  worden  ist,  Multiplizieren  des  Satzes 
der  Werte,  die  die  erste  Ableitung  darstellen 
mit  einer  Konstanten,  die  ausgewahlt  worden 
ist,  urn  die  Verzerrung  zu  korrigieren,  und  Hin- 
zufugen  der  resultierenden  Produkte  zu  jedem  5 
entsprechenden  Amplitudenwert,  der  fur  jeden 
Rasterpunkt  ermittelt  worden  ist. 

Revendicatlons 
10 

1.  Appareil  spectrophotometrique  comprenant 
des  moyens  spectroscopiques  pour  balayer  les 
longueurs  d'onde  d'une  bande  etroite  de  lon- 
gueurs  d'onde  de  lumiere  dans  tout  un  spectre 
predetermine  a  une  vitesse  rapide,  des  is 
moyens  photodetecteurs  pour  detecter  I'inten- 
site  de  I'energie  dans  ladite  bande  dans  tout 
ledit  spectre  et  produire  un  signal  de  sortie 
variable  en  reponse  a  celle-ci,  la  vitesse  de 
balayage  par  lesdits  moyens  spectroscopiques  20 
etant  suffisamment  grande  par  rapport  au  4. 
temps  de  reponse  desdits  moyens  photodetec- 
teurs  pour  qu'il  y  ait  une  distorsion  sensible 
dans  le  signal  de  sortie  desdits  moyens  photo- 
detecteurs  par  rapport  a  I'intensite  de  I'energie  25 
dans  la  bande  etroite  detectee  de  longueurs 
d'onde,  des  moyens  formant  calculateur  pour 
1°)  determiner  une  valeur  d'amplitude  variant 
avec  I'amplitude  du  signal  de  sortie  desdits 
moyens  photodetecteurs  a  chaque  point  d'une  30 
multiplicity  de  points  incrementaux  repartis 
dans  tout  ledit  spectre,  2°)  soustraire  de  la 
valeur  determinee  a  chaque  point  incremental 
la  valeur  determinee  au  point  incremental  im- 
mediatement  precedent  pour  determiner  un  35 
ensemble  de  valeurs  de  difference,  une  pour 
chaque  point  incremental,  3°)  multiplier  les  va- 
leurs  de  difference  par  une  constante  predeter- 
mined,  et  4°)  ajouter  le  produit  resultant  a 
chaque  point  incremental  a  la  valeur  d'amplitu-  40 
de  correspondante. 

2.  Appareil  spectrophotometrique  selon  la  reven- 
dication  1,  dans  lequel  I'intensite  de  I'energie 
detectee  par  lesdits  moyens  photodetecteurs  45 
est  reflechie  par  un  echantillon. 

3.  Procede  d'utilisation  d'un  appareil  spectropho- 
tometrique  du  type  a  balayage  qui  balaie  la 
longueur  d'onde  d'une  bande  etroite  de  Ion-  50 
gueurs  d'onde  de  lumiere  detectee  par  des 
moyens  photodetecteurs  dans  tout  un  spectre 
predetermine,  dans  lequel  lesdits  moyens  pho- 
todetecteurs  produisent  un  signal  de  sortie  en 
reponse  a  I'intensite  de  I'energie  lumineuse  55 
detectee,  comprenant  les  etapes  consistant  a 
balayer  ladite  longueur  d'onde  dans  tout  ledit 
spectre  a  une  vitesse  suffisamment  grande 

pour  que  le  signal  de  sortie  desdits  moyens 
photodetecteurs  soit  deforme  par  rapport  a 
I'intensite  de  I'energie  lumineuse  detectee  par 
lesdits  moyens  photodetecteurs,  determiner 
une  valeur  d'amplitude  variant  avec  I'amplitude 
du  signal  de  sortie  desdits  moyens  photode- 
tecteurs  a  chaque  point  d'une  multiplicity  de 
points  incrementaux  repartis  dans  tout  ledit 
spectre,  soustraire  de  la  valeur  d'amplitude 
determinee  a  chaque  point  incremental  la  va- 
leur  d'amplitude  determinee  au  point  incre- 
mental  immediatement  precedent  pour  deter- 
miner  un  ensemble  de  valeurs  de  difference, 
une  pour  chaque  point  incremental,  multiplier 
chacune  desdites  valeurs  de  difference  par 
une  constante  selectionnee  pour  corriger  la 
distorsion,  et  ajouter  le  produit  resultant  deter- 
mine  pour  chaque  point  incremental  a  la  valeur 
d'amplitude  determinee  a  ce  point  incremental. 

Procede  d'analyse  d'un  echantillon  d'essai, 
comprenant  les  etapes  consistant  a  irradier 
ledit  echantillon  d'essai  avec  une  bande  etroite 
de  longueurs  d'onde  de  lumiere,  balayer  rapi- 
dement  la  longueur  d'onde  de  ladite  bande 
etroite  de  longueurs  d'onde  dans  tout  un  spec- 
tre  predetermine,  detecter  I'intensite  de  I'ener- 
gie  lumineuse  reflechie  par  ledit  echantillon 
avec  des  moyens  photodetecteurs  et  produire 
un  signal  de  sortie  en  reponse  a  celle-ci,  ladite 
etape  de  balayage  etant  effectuee  a  une  vites- 
se  suffisamment  grande  pour  que  le  signal  de 
sortie  desdits  moyens  photodetecteurs  soit 
sensiblement  deforme  par  rapport  a  I'intensite 
de  I'energie  lumineuse  detectee  par  lesdits 
moyens  photodetecteurs,  determiner  un  en- 
semble  de  valeurs  d'amplitude  variant  avec 
I'amplitude  du  signal  de  sortie  desdits  moyens 
photodetecteurs,  determiner  un  premier  en- 
semble  de  valeurs  representant  la  derivee  pre- 
miere  de  la  fonction  representee  par  ledit  en- 
semble  de  valeurs  d'amplitude,  multiplier  ledit 
ensemble  de  valeurs  representant  les  derivees 
premieres  par  une  constante  selectionnee  pour 
corriger  ladite  distorsion,  et  ajouter  les  produits 
resultants  aux  valeurs  d'amplitude  correspon- 
dantes  determinee  a  chaque  point  incremental. 
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