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SUMMARY 

The reconstructed magnitude of radiance  fluctuations (or f ie lds)  from dis-  
crete  radiometric measurements is subject  to  errors caused by the  aliased  noise 
generated when the radiometer undersamples the  spat ia l   detai l  of these  fluctua- 
tions.  Quantitative  results  indicate  that  aliased  noise can be a large  source 
of error i n  the  reconstruction  process when the sampling intervals  equal  the 
instantaneous f i e l d  of  view (IFOV) of the  radiometer (i. e.,  for contiguous 
coverage). T h i s  noise can be reduced about 2 orders of magnitude by shaping 
t h e  effective IFOV (formed by the  photosensor  aperture and signal  electronics) 
of a scanning  radiometer and modestly decreasing  the sampling intervals  rela- 
tive  to  the IFOV ( t o  provide some overlap between successive measurements). 
I n  contrast,  spatially smoothed ( i .e . ,  low-pass filtered)  reconstructions of 
the  discrete measurements provide  only a relatively modest decrease i n  t h i s  
noise a t  the  cost of spatial  resolution. 

INTRODUCTION 

The reconstruction of spatial  radiance  fluctuations (or f ie lds)  is subject 
to   errors  caused by the  aliased  noise  that is generated i f   spa t ia l   de ta i l s  have 
been  undersampled. The resultant  degradation of  image quality  obtained w i t h  
line-scan  devices  (e.g.,  television cameras  and optical-mechanical  scanners) 
has received  considerable  attention i n  the  l i terature   ( refs .  1 to  9 ) .  These 
investigations have  emphasized spatial  resolution:  the  reproduction,  detec- 
tion,  recognition, and identification of detai l .  The accurate  reconstruction 
of t h e  radiance magnitude, or of spat ia l  averages of the  radiance magnitude, 
has been  of l i t t l e  concern. The degradation of radiometric  accuracy due t o  
aliased  noise has ( to  the  authors' knowledge) never been quantitatively  deter- 
mined, except  for a few i l lus t ra t ive  examples ( refs .  6 and 1 0 ) .  

T h i s  investigation  formulates and  computes the magnitude  of the  aliased 
noise  that degrades  the  accuracy of continuous  reconstructions of discrete 
radiometric measurements. I t  provides  evaluations, i n  particular,  of the mag- 
nitude of aliased  noise  as a function of t h e  spa t ia l  (or  angular)  response and 
sampling interval of the  radiometer and  of the  resolution of the  reconstructed 
measurements. To produce generally  useful  results, a  Wiener spectrum that  is 
approximately representative of a  wide range of scenes is used to  characterize 
the (random) radiance  fluctuations. T h i s  spectrum can be derived  if  the  radi- 
ance fluctuations  are assumed t o  be a random se t  of two-dimensional pulses 
whose width and magnitude obey the  Poisson and the Gaussian probability  density 
function,  respectively. 

SYMBOLS 

a, b photosensor aperture shape functions, m (see  fig. 3) 



9 (x ,Y)  spatial func t ion  
A 

g(u,w) spa t ia l  f requency  spectrum of g (x,y),  m 2 

J1 f i r s t - o r d e r  Bessel func t ion  

L (X,Y) radiance f l u c t u a t i o n s ,  
A 

L(U,w)  frequency spectrum of r a d i a n c e   f l u c t u a t i o n s ,  W 

(X,Y)  cont inuous  s ignal ,  W 

rn (X,Y) continuous  signal  of  smoothed  measurements, W 

m(x,y;X,Y) discrete measurements, W (see f i g .  1 )  

m (U ,w; X,Y)  
h 

frequency spectrum of  measurements, ~ m 2  (see f i g .  5) 

measurement  count  along x- and  y-axis ,   respect ively 

cons tan ts   tha t   de te rmine   rec tangular   d imens ions  of resel 

= I (x1 - x2) 2 + (y1 - y2) 211/2 

r e s o l u t i o n  cell ( r e s e l l ,  m2 

measurement coord ina te s ,  m (see f i g .  1 )  

sampl ing   in te rva ls ,  m (see f i g .  1) 

equ iva len t   i n s t an taneous  f i e l d  of view (IFOV) , m (see f i g .  3) 

u n i t  impulse func t ion ,  m-1 

two-dimensional  unit impulse func t ion ,  m-2 

angle   in   the  xy-plane,   deg 

(expected) mean va lue ,  wm" 

spa t ia l  frequency  along x- and  y-axis ,   respect ively,  m-l (cycles/m) 

= Tu2 + ,A2]1/2 

s t anda rd   dev ia t ion ,  Wm-2 

s t anda rd   dev ia t ion  of smoothed  measurements 

spatial response (or point-spread  funct ion)  
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I; (u,w) spatial frequency  response (or modu la t ion   t r ans fe r   func t ion  (MTF)) 

(3 ( * I  autocovariance,  ~ h - 4  

( 0 )  Wiener (or power dens i ty )  spectrum, W2m-2 (W2m'4/cycles2m'2) 

II ( - 1  r e c t a n g l e   f u n c t i o n  

u( 0 )  sampling or c o m b  f u n c t i o n  

* convolution 

Subsc r ip t s  : 

a aliased noise ,  or sideband  component  generated  by  sampling 

e e l e c t r o n i c   f i l t e r  

R l e n s  

L r ad iance   f l uc tua t ions  

m measurement 

P photosensor   aper ture  

r i n t e r v a l  be tween  rad iance   f luc tua t ions  

R cont inuous   s igna l   recons t ruc ted  f r m  discrete measurements 

S s u f f i c i e n t l y  sampled s i g n a l  components 

DEFINITIONS,  ASSUMPTIONS, AND FORMULATIONS 

Measurement Process 

T h i s  paper analyzes  the l inear ,   space- invariant   measurement  process shown 
i n   f i g u r e  1 t ha t   t r ans fe r s   t he   ( con t inuous )   r ad iance   f l uc tua t ions   L (x ,y )   i n to  
a (discrete) s i g n a l  m(x,y;X,Y) as de f ined  by t h e  equa t ions  
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where the symbol * deno tes   convo lu t ion ;   T (x ,y ) ,   t he  spat ia l  response (or 

point-spread  funct ion)   of  the radiometer; and c,:), - - the sampling (ref. 11)  

or comb (ref. 12)  function  given  by 

The discrete measurements  m(x,y;X,Y) are a n   i n f i n i t e   a r r a y   o f   u n i t   i m p u l s e  
f u n c t i o n s   o n   t h e   r e c t a n g u l a r  la t t ice  wi th   spac ing  X and Y i n   t h e  x- and 
y-direct ions,   respect ively.   Rectangular   (Cartesian)   coordinates   (x ,y)   in   the 
object or photosensor   aper ture   plane are used as the   r e f e rence   fo r   t he   measu re -  
ment coord ina tes .  

S a l i e n t  properties of  the  measurements m(x,y;X,Y) def ined  by  equa- 
t i o n  ( l b )  are o f t e n  more convenient ly   eva lua ted   in  the frequency  domain  than 
i n   t h e  spat ia l  domain. The func t ions  G ( U , w )  and  g(x,y) are denoted as t h e  
Fourier   t ransform pairs  g iven  by 

W 

J J  
--OD 

The Fourier   t ransform  of   equat ion ( l b )  y i e l d s  

A h 

G(U,w;X,Y) = L(U,W) 'C(U,W) * XY j i i ( X U , Y W )  

where 
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Equation (3a) can be e q u i v a l e n t l y   w r i t t e n  as 

Radiance  Fluctuat ion 

The magnitude of a l i a s e d   n o i s e   i n   c o n t i n u o u s   r e c o n s t r u c t i o n s  of discrete 
radiometric measurements  depends  on  the  properties of t h e   r a d i a n c e   f l u c t u a t i o n s  
L(x,y) as well as on t h e  spa t ia l  response -r(x,y')  and the   sampl ing   in te rva ls  
(X,Y). I n   t h i s   p a p e r  a r andan   r ad iance   f l uc tua t ion   t ha t  is both homogeneous 
and isotropic ( r e f .   13 )  is assumed, so t ha t   t he   va r i ance   o f   L (x ,y )  is inde- 
pendent of (x,y) , and the   au tocovar iance   (and   au tocorre la t ion)  is a func t ion  
o n l y   o f   t h e   r e l a t i v e   d i s t a n c e  

between p o i n t s  (x1  ,y1)  and  (x2,ya) . I t  f o l l o w s   t h a t   t h e  assumed d i s t r i b u t i o n  
of  L(x,y) is c i r c u l a r l y  symmetric. 

Furthermore,   the   autocovariance  of   L(x,y)  is assumed to be 

Then, t h e  associated Wiener (or power dens i ty )  spectrum, which is the   c i r cu -  
l a r l y  symmetric Fourier   t ransform (i.e., the Hankel  transform) of @ L ( r ) ,  is 

where p2 = U2 + w2. (See f i g .  2. ) Equations  (5)  and (6) can be der ived  by 
assuming t h a t   L ( x , y )  is a set  of pu l ses  whose  random l o c a t i o n   i n   t h e  xy-plane 
obeys   t he   Po i s son   p robab i l i t y   dens i ty   func t ion   w i th   t he  (expected) mean width 
pr  and whose randm  magnitude  obeys  the  Gaussian robability dens i ty   func t ion  
wi th   t he  (expected) mean and  var iance pL and UL 9 , respec t ive ly .  (For deri- 
va t ions   and   fu r the r  details, see refs. 14  and  15;  for a detailed one-gimensional 
a n a l y s i s ,  see ref. 16.) The var iance  U L ~  and  the Wiener spectrum (PL(U,W) 
are related by 
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That is, uL2 is the  value of the  integrated Wiener spectrum. 

Radiometer Response 

CI The spatial  frequency  response  (or  modulation transfer  function (MTF)) 
T ( U , U )  of a  radiometer can generally be characterized  as 

n A 

where T ~ ( U , W ) ,  rp(u,w), and Te(U),  respectively,  are  the  frequency  response 
of the  objective  lens, photosensor aperture, and electronic   f i l ter ;  w is the 
spat ia l  frequency component i n  the  line-scan  direction. The photosensor  aper- 
ture and its distance  fran  the  lens  define  the IFOV of the  radiometer. The 
lens  aperture and IFOV govern the  total  amount  of radiance  focused  onto  the 
photosensor aperture; however, unlike  for  high-resolution imaging devices,  the 
(diffraction-limited)  spatial frequency  response of the  lens  usually does not 
significantly  affect  the frequency  response of relatively  law-resolution  radi- 
meters  and is neglected i n  t h i s  paper. 

h 

Figure 3 i l lustrates  salient  characterist ics of three photosensor aperture 
shapes. These apertures have equivalent  areas, namely sry2/4. Thus for each 
aperture, 

~ , ( x , y )  dx dy = Tp(O,O) = 1 
.. 

and 

( (x ,y)  aperture  area) 

(elsewhere) 

It is convenient to regard  the  diameter y of the  circular  aperture  as  the 
equivalent IFOV of the  three  apertures. The spat ia l  frequency  response 
T~(U,U) of the  aperture shapes i l lustrated i n  figure 3 is given by the 
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fo l lowing   expres s ions ,   i n  which the  shape parameters a and b are t h e  x- and 
y -ax i s   i n t e rcep t s ,   r e spec t ive ly ,  of t h e  apertures, and s i n c  x = s i n  (71x)/71x: 

(a) C i rcu la r  - 

Y 
where a = - 

2 

(b) Cosine - 

71 Y 
where a = - y b = - 

4 2 

( c )  Diamond - 

A 

Tp(U,W) = s i n c  (au + bo) s i n c  (aW - bw) 

71 Y 
where a = - y b = -  

4 2 

The ef fec t   o f   var ious   photosensor  aperture shapes   and   prof i les   on   the  
image qua l i ty   ob ta ined   wi th   l ine-scan   devices   has   been   inves t iga ted  most nota- 
b l y  by Mertz  and  Gray  (ref. l )  fo r   f ac s imi l e   s canne r s   and  by Schade ( r e f .  2) 
f o r   t e l e v i s i o n  cameras. One of   the i r   conc lus ions  was t h a t  a l l  reasonable  pro- 
f i l es  and  shapes of e q u i v a l e n t   s i z e   r e s u l t   i n   a b o u t   e q u a l   b l u r r i n g ,   b u t   t h a t  
sane of t h e   p r o f i l e s  and  shapes  tend to  s u p p r e s s   a l i a s i n g   b e t t e r   t h a n   o t h e r s .  
Katzberg e t  al .  (ref. 6)  demonst ra ted   tha t   the   cos ine   and  diamond shapes are 
both   super ior  to t h e   c i r c u l a r   s h a p e   i n   s u p p r e s s i n g   a l i a s i n g .  

The cosine  and diamond a p e r t u r e s  are shaped t o  suppres s   s ide  lobes along 
t h e  W-spatial frequency  axis  normal to the   l i ne - scan   d i r ec t ion .  The exac t  
ape r tu re   shape   a long   t he   l i ne - scan   d i r ec t ion  is less impor t an t   i n   con t inuous ly  

7 



scanning  devices;s ince  the  effect ive  U-SPat ia l   f requency  response  can  be 
reshaped  by  an  e lectronic  low-pass f i l t e r .  The func t ion   g iven  by 

and shown i n   f i g u r e  4 was chosen to rep resen t   t he   spa t i a l   f r equency   r e sponse  
of an e l e c t r o n i c   f i l t e r .  The cutoff frequency l/y provides  a u s e f u l  spat ia l  
f requency  passband  for   the radiometer t h a t  is approx ima te ly   c i r cu la r ly  symmet- 
ric. I n  practice, it might   o f ten  be p r e f e r a b l e  to e l imina te   a l i a s ing   a long   t he  
l i ne - scan   d i r ec t ion  by s e l e c t i n g  a cutoff   f requency equal  to 1/2Y. I 

S igna l  and Aliased Noise 

The discrete measurements m(x,y;X,Y) def ined by equat ion (1 b) have 

a mean value pL and a Wiener spectrum @ m ( ~ , w ; X , Y )  given by 
A 

h 

@m(w,w;x,Y) = @,(U,W) + @a(U,w;x,Y) 
h A 

(1 3)  

The term (Ds(U,w) represents   the  (desired)   fundamental   s ignal   component   cen-  
tered a t  t h e   l o c a t i o n  (W,w)  = (0,O) and is given by 

M 

The term (Da(W,w;X,Y) represents  the  (undesired)  sampling  sideband  components 

centered  a t  t h e   l o c a t i o n s  ( W , w )  = (;$, (m,n) # ( O , O ) ,  and is given by 

n 

m n  

The development  of  equation  (15)  from  equations (1 ) is standard.  (See f o r  
example,  refs.  10  and  13.) 
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The frequency  passband  of 
br ief ly   the  sampling  passband,  

the sampling lat t ice wi th   spac ing  (X,Y) , or 
is g iven  by the   r ec t ang le   func t ion   ( r e f .   11 )  

(elsewhere) 

The var iance  as2  of   the  fundamental   s ignal   component   within  the  sampling 
passband is 

1/2x 1/2Y 
QS(U,w) n(XU,Yw)  du de  = 

L / 2 X   L 2 Y  
QS(u,w) du dw 

and t h e   v a r i a n c e  Ua2 of  the  sampling  sideband  components  within  the  sampling 
passband is 

W 1/2x 1/2Y 
Q a ( U , ~ ; X , Y )  n(XU,Yw) dU  dw = 

L 2 x   L 2 Y  
Qa(U,w;X,Y)  dU  dw (18) 

I f   t h e  Wiener s p e c t r u m  &,(u,w) of t h e   r a d i a n c e   f l u c t u a t i o n s  or t h e  

spa t ia l  frequency  response ~ c ( U , w )  of  the  radiometer is con ta ined   w i th in   t he  

sampling  passband (i.e., i f  Zs(U,w) = 0 outs ide  the  sampling  passband)  , 
then Ua2 = 0 ,  and   t he   s igna l  is said to  be s u f f i c i e n t l y  sampled. Otherwise, 
t h e   s i g n a l  is i n s u f f i c i e n t l y  sampled, and displaced frequency  components  from 
the   s idebands   fa l l   in to   the   sampl ing   passband,  as i l lus t ra ted  i n   f i g u r e  5. 
These  displaced  frequency  components  cannot be d i s t i n g u i s h e d   i n  practice from 
t h e  desired s i g n a l  - they  tend to behave,  and are treated he re ,  as a d d i t i v e  
noise .   This   t reatment   fol lows Blackman  and  Tukey ( r e f .   1 7 ) ,  who d e f i n e  aliased 
noise  as those  components   of   the   s ignal   that  are c o n t a i n e d   i n   t h e   s i g n a l   o n l y  
when insuf f ic ien t   sampl ing   occurs .   Insuf f ic ien t   sampl ing  occurs f r e q u e n t l y   i n  
practice because  the spa t ia l  frequency  response ? ( U , w )  of optical systems 
tends  to  decrease very   g radual ly   and  to oscillate around  zero. 

A 

The function  mR(x,y) is denoted as a cont inuous   recons t ruc t ion   of   the  
discrete measurements  m(x,y;X,Y) ; t h e  spa t ia l  r e so lu t ion   o f   t h i s   r econs t ruc -  
t i o n  is def ined  as t h e   r e s o l u t i o n  ce l l  (resel) R. I f   t h e   r e c t a n g l e   f u n c t i o n  
n ( X U , Y w )  given  by  equation  (16) is t h e   r e c o n s t r u c t i o n   f i l t e r ,   t h e n  mR(x,y) 
is the   i nve r se   Four i e r   t r ans fo rm of iii(u,w;X,Y) II(Xu,Yfd); t h a t  is, 
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where m(mX,nY)  is the value of m (x,y) given by equation (la) at the sam- 
pling points (mX,nY). The area of the corresponding resel R is XY. The 
Shannon-Whittaker sampling theorem states that the reconstruction mR(x,y) is 
equal to the signal m(x,y)  if  m(x,y) has been sufficiently sampled (i.e., 
aa2 = 0) 

It is occasionally desirable to produce spatially smoothed reconstructions, 
for example, to gain increased radiometric accuracy of the reconstructed signal 
at the cost of spatial resolution. Spatial smoothing can be accomplished by 
narrowing the passband of the reconstruction filter. It is convenient to 
express the reconstruction filter as a function of the equivalent IFOV y as 

(elsewhere) 

where M and N are  constants. The smoothed reconstruction is 

The area of the corresponding resel R is y2MN. The variance of the signal 
and aliased noise of  &(x,y) is given by 

and 
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COMPUTATIONAL RESULTS 

Figures 6 to 8 characterize  the  (normalized)  standard  deviations of the 
signal,  aliased  noise, and signal-to-noise  ratio of spatially unsmoothed  and 
smoothed reconstructions of the  discrete measurements m(x,y;X,Y). The stan- 
dard deviations of the  signal us and the  aliased  noise ua are normalized 
wi th  respect to the  standard  deviation ‘JL of the  radiance  fluctuations;  the 
sampling intervals X and Y and the mean spat ia l  width pr  of the  radiance 
fluctuations  are normalized w i t h  respect  to  the  equivalent IFOV y. These 
normalizations  permit  the  computational results  to be applied to  a wide range 
of practical  situations. 

Figure 6 presents  the  variation of the  signal,  aliased  noise, and signal- 
to-noise ratio versus sampling intervals  for  various mean spat ia l  widths of the 
radiance  fluctuations. These results  characterize  the unsmoothed signal recon- 
structions  depicted by equations (16) to (19) .  

Figure 8 presents  the same computational results  as  figure 7. The differ- 
ence is that  figure 7 shows variations i n  performance plotted  against sampling 
interval while figure 8 shows variations  plotted  against mean spat ia l  width of 
the  radiance  fluctuations. 

CONCLUSIONS 

1 .  The accuracy w i t h  which sufficiently sampled  components  of random radi- 
ance fluctuations  (or  fields) can  be reconstructed,  as accounted for by o , / ~ ~ ,  
tends to be independent of reasonable photosensor aperture shapes of equal  area; 
however, the  degradation of t h i s  accuracy by insufficiently sampled  components 
of the  radiance  fluctuations,  as accounted for by the  aliased  noise ua/UL, 
depends strongly on these  aperture  shapes. This conclusion is consistent w i t h  
t he  observation by Mertz  and  Gray (Bell Syst. Tech. J., vol. 13, J u l y  1934) and 
by Schade (J. SMPTE, vol. 64, Nov. 1955) t ha t   a l l  reasonable photosensor  aper- 
ture shapes and profiles of equivalent  size  result i n  about equal  blurring, b u t  
that  some shapes and profiles tend to  suppress  aliasing  better than others. 

2. Spatial smoothing (i.e.,  low-pass f i l ter ing)  of discrete measurements 
decreases both the accuracy with which the  sufficiently sampled radiance f l u c -  
tuations  (i.e., ~ , / O L )  can be reconstructed i n  the absence of aliased  noise 
and the  degradation of this  accuracy by the  presence of aliased  noise  (i.e., 
Za/UL). There is a net  gain i n  the  signal-to-noise  ratio OJUa of 
smoothed reconstructions because (sa tends  to  decrease more rapidly wi th  
smoothing than os. 

- - 
3. Aliased  noise is a large  source of error i n  continuous reconstructions 

of discrete measurements obtained  with  contiguous  coverage,  unless  the mean 
spat ia l  width of the (random) radiance  fluctuations is more than an order of 
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magnitude larger than the  instantaneous  field of  view (IFOV) of the  radiometer 
(i .e.  , unless  pr/y > 1 0 ) .  For  example, for a circular IFW and for unsmoothed 
reconstructions,  the  signal-to-noise  ratio as/ua is only 16 for pr/y = 9 , 
5 for pr/y = 1 , and 1.4 for pr/y = 1/9. 

4. A decrease of about 2 orders of magnitude i n  aliased  noise and a corre- 
sponding increase i n  signal-to-noise  ratio  are  attained by modestly decreasing 
the sampling interval (by a factor of 0.7) and by shaping  the  effective IFOV 
(i.e., photosensor aperture and electronic   f i l ter)  of a  scanning radianeter. 
T h i s  improvement tends to be independent of the s ta t is t ical   propert ies  of the 
radiance  fluctuations. For example, the  signal-to-noise  ratio UdUa for 
unsmoothed reconstructions is increased f rom 16 t o  51 4 for pr/y = 9 , from 5 
to 139 for pr/Y = 1, and  from 1.4 to 26 for F(r/Y = 1/9. 

5. A much  more modest  improvement is attained  at  the  cost of spatial  reso- 
lution by smoothing (ice., _low-pass f i l t e r ing)  of the  discrete measurements. 
The signal-to-noise  ratio  obtained w i t h  a circular IFOV tends to  
increase by a b u t  the same factor by which the  reconstructed  resolution is 
decreased. The  diamond IFOV ( w i t h  e lectronic   f i l ter)  provides a more favorable 
trade-off. 

6. For  unsmoothed reconstructions,  the  aliased  noise ua/uL decreases and 
the  signal-to-noise  ratio Us/Ua increases wi th  decreasing sampling interval. 
The rate  of  change varies:  relatively  rapid improvements  can be attained by 
decreasing  the sampling intervals X/y = Y/y from 1 to  0.7; further  decreases 
i n  sampling intervals provide less improvement.  For  smoothed reconstructions, 
the  variation of aa/uL and UJUa wi th  sampling intervals can exhibit 
intermediate  dips and peaks, respectively. T h i s  occurs when the  zero  crossing 
of the neighboring  sampling  sidebands f a l l s   i n to  the (narrow)  low-pass recon- 
s t ruct ion  f i l ter .  

7.  The standard  deviations of the  signal a / u ~  and the  signal-to-noise 
ra t io  us/qa decrease  monotonically as  the mean spatial   detail  pr decreases, 
whereas the  standard  deviation of the  aliased  noise uJuL reaches  a broad 
maximum  when the mean spatial   detail  pr is s l i g h t l y  smaller than the IFW y 
(i.e., when 0.1 c pr/y c 1 ) .  

Langley Research  Center 
National  Aeronautics and Space Administration 
Hampton, VA 23665 
March 13,  1980 
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Figure 2.- Properties  of radiance  f luctuations.  
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Figure 3.- Spatial  outline and frequency  response of photosensor apertures 
wi th  equal  area. Parameter y is defined  as  effective IFOV formed by 
apertures; contour plots  are  labeled  for y = = 1 . 1 3. Cosine and 
diamond IFOV’s are  continuously scanned  along y-direction so that  
resulting  analog  signal can be electronically  filtered.  (Solid and 
broken l ines i n  contour plot  represent  positive and negative  values, 
respectively. ) 
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Figure 4.- Spatial frequency response of electronic filter. 
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(a) Canmon measurement process: contiguous coverage (i.e., X/y = Y/y = 1) 
with discretely stepped, circular IFOV. 

Figure 5.- Measurement characteristics in spatial frequency domain. Only 
neighboring sampling sidebands shown here have been included in cmpu- 
tation of aliased noise: more accurate computations that include addi- 
tional sidebands would yield slightly larger magnitudes of aliased noise. 
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(b) Improved measurement process:  overlapping coverage (i.e., X/y = Y/y 0.7) 
with continuously  scanned,  diamond IFOV and  electronic  filter. 

Figure 5.- Concluded. 
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widths ur/y of radiance  fluctuations  L(x,y) . These results   characterize unsmoothed reconstruc- 
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