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3.2 REPORT OF SUBPANEL ON IMAGE SHARPNESS 

The image sha rpness  subpanel  met for  a four-hour period on krwember 18 and 
again for f o u r  hour s  on November 19 t o  d e f i n e  r e s e a r c h  needs  it: t h i s  subject 
area for e a r t h  r e s o u r c e  o b s e r v a t i o n  systems. The panel  c o n s i s t e d  of: 

Bob Barker 
B i l l  S h e l l e y  
B i l l  Alford 
Orback Zvi 
Marvin Maxwell 
Arch Park 
Jack  Engel 
Demetrios Poros 
Joseph Kundholm 
P e t e r  Hyde 

S t .  Regis Paper Co. 
St. Regis Paper Co. 
NASA/Goddard 
Honeywell E.O.O. 
NASA/SSFC, Code 920 
G.E. Lanham, Md. 
Santa Barbara Cesch. Ctr. 
G.E. Lanham, Md. 
NASA/CSFC 
Un. cf Md. Cmptr.Sci.Ctr. 

The format for t h e  subpanel  g iven  a s  a s t a r t i n g  p o i n t  was fol lowed i n  t h e  j n i -  
tis1 discuss ions ,  b u t  a s  time was short, it was dec ided  t o  f o c u s  on t h e  t a s k  
d e s c r i p t i o n s  and t h e  expected costs. The r equ i r ed  items are  inc luded  h e r e  t o  
t h e  e x t e n t  they  were d i scussed  and f u r t h e r  in format ion  is t o  be added la te r .  

3.2.1 D e f i n i t i o n s  

I n i t i a l  d i scuss ion  cons idered  t h e  d e f i n i t i o n s  of t h e  v a r i o u s  f u n c t i o n s  and 
parameters  d e f i n i n g  t h e  sensor scene  viewing process .  Confl ic ;  wi th  e x i s t i n g  
d e f i n i t i o n s  occurred throughout  and no consensus could  b e  reached i n  t h e  s h o r t  
time wi thout  adeqdate  r e f e r e n c e s .  The panel  adopted t h e  convent ions  t h a t  a r e  
desc r ibed  and used i n  NASA SF-335, Advanced Scanners  and Imaging Systems For 
Ear th  Observa t ions .  S p e c i a l  reference i s  made t o  t h e  s e c t i o n  e n t i t l e d  nReso- 
l u t i o n  Improvement Cons idera t ions"  on pages 89 through lC3 and on t h e  s e c t i o n  
e n t i t l e d  " D e f i n i t i o n s  P e r t a i n i n g  t o  Resolu t ion  and Sample Data" on pages 105 
through IUS.  

PSF - P o i n t  Spread F u n c t i m :  b l u r  due  t o  o p t i c a l  element? i n  system 

IFOV - Ins t an taneous  F i e l d  of View: a p e r t u r e  width i n  scanner  s e n s o r  system 

EIFOV - E f f e c t i v e  Ins t an taneous  F i e l d  of V i e w :  composite b l u r  func t ion  a f t e r  
f i l t e r  e f f ec t s ,  PSF, end IFCV have  bPsn combined. 

These a r e  r e a l l y  working d e f i n i t i o n s  t o  a l low panel  members t; s e p a r a t e  t h e  
b l c r  c m p o n e n t s  o f  t h e  s e n s o r .  They a r e  no t  t o  b e  widely a p p l i e d .  F igu re  1 
d e p i c t s  t h e s e  s t e p s .  It was n a t u r a l  t o  have t h e  t h i n k i n g  f o c u s  on rnultispec- 
t r a l  scanners and n o t  on  a l l  t h e  s e n s o r s  which a re  of  i n t e r e s t .  These o t h e r  
s e n s o r s  i n c l u d e :  I l n q i n g  S y n t h e t i c  Aperture  Radar (SAR) , Separa t e  Thermal IR 
Images ( H C M M )  , M u l t i s p e c t r a l  Linear  Array ( M L A ) .  ?he MLA c o n t a i n s  unique 
c h a r a c t e r i s t i c s  which set  i t  a p a r t  fran t h e  scanning o p t i c s  of  TM m d  MSS, so  
i t  is  c a l l e d  o u t  se:aratciy.  

3.2.2 S t a t e  o f  Knowledge 

The parameters  d e f i n i n g  t h e  s t a t e  
not  q u a n t i f i e d .  It was g e n e r a l l y  

of t h e  a r t  i n  sha rpness  were d i scussed  b u t  
assumed t h a t  TM was t h e  s t a t e  of t h e  a r t  i n  
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m u l t i s p e c t r a l  s c a n n e r s  and the  d i g i t a l l y  processed SAR was s t a t e  of t h e  a r t  i n  
r ada r .  Order of magnitude numbers are inc luded  i n  some cases. 

Sensor:  Atmospheric B l u r I S c a t t e r  Funct ion 
O p t i c a l  PSF 
Scanner Aperture 30 
F i l t e r  C h a r a c t e r i s t i c s  
Sample Rate 30 m 
C k a n t i z a t i o n  8 b i t s  

Effects of Resampling on Sharpness  
Sharpening F i l t e r s  
Sharpness Effects on Classification 
Atmospheric Connection 

Ground Processing:  
c u b i c  convolu t ion  

Much work done b u t  not used 
a few s t u d i e s  

A few u s e r s  do ing  

3.2.3 Requirements 

Discussion i n i t i a l l y  focused on whether s h a r p n e s s  was to  oe cons idered  from 
t h e  st.andpoint o n l y  of r e g i s t r a t i o n  or of impacts on c l a c s i f i c a t i o n  as well a s  
r e g i s t r a t i o n .  It was dec ided  t h a t  unusual  sampling rates would be needed i n  
t h e  f u t u r e  t o  e n a b l e  improved sharpening  of imag%s through deconvolut ion.  
P r e s e n t  sampling r a t e s  a r e  too low t o  a l low mucb improvement. Severe n o i s e  
effects  ar ise  even when moderate improvement is at tempted.  Requirements were 
ci ted for sharpening  i n  t h e  c o n t e x t  of f o r e s t r y  a p p l i c a t i o n s :  a )  r e s o l u t i o n  of 
mixed (edge) p i x e l  problem (improved classificatioti  p r e c i s i o n ,  reliable change 
detect ion r e s u l t s ,  more p r e c i s e  areal estimates); b:. improved r e c t i f i c a t i o n  
(improved d e f i n i t i o n  of manually l o c a t e d  CCP l o c a t i o n s ,  v e t - i f i c a t i o n  of carto- 
g r a p h i c s ) .  

3.2.4 Recommended Research Tasks 

Seve ra l  key r e s e a r c n  t a s k s  were proposed and are l i s t e d  here: 

1. Study o f  R e l a t i o n s h i p s  o f  IOVF or Performance of Matching: Unenhanced, 
raw d a t a  is being used for  t e a p l a t e  ma+,ching i n  major image g e o c o r r e c t i o n  s y s -  
tems (e .g . ,  MDP). Sharpening process,os appear  t o  produce more v i s u a l  d e t a i l .  
This apparent  sharpness  could redude p o s i t i o n  errors fn template matching. 
Various sharpening  techniques  should be a p p l i e d  t o  j a a g e s  b e f o r e  matching, 
Since n o n l i n e a r  processes a r e  used f o r  w t c h i n g ,  l i n e a r  a n a l y s i s  cannot  
be used. Performance should be measured by e x p e r i m w t s  w i t h  r e a l  d a t a .  

11. Conduct a s t u d y  t o  de termine  t h e  l*optimun,ct shape f o r  t h e  E f f e c t i v e  In- 
s t r n t a n e o u s  F i e l d  of View (EIFOV) and t h e  samy,ling l z t t i c e  t o  a l low t h e  gener-  
a t i o n  of an Output I "OV (OEIFOV) j n  t h e  sharpening  o r  resampling o p e r a t i o n  
which is "optimized" f o r  v a r i o u s  a p p l i c a t i m s  such  a s  photomap g e n e r a t o r ,  mul- 
t i t e m p o r a l  m u l t i s p e c t r a l  c l a s s i f i c a ' , i o n ,  etc.  In  t h e  s t u d y  t h e  v a r i a t i o n s  i n  
EIFCV shape,  s i z e ,  and sample s p a c i n g  I n  x ana w i l l  be cons t rued  t o  k e e p  t h e  
system cost  approximately c o n s t a n t  by keeping t h e  number of d e t e c t o r s  o r  t h e  
d a t a  r a t e  c o n s t a n t .  

111. O p t i c a l  P r a f i l t e r t i n g :  %e proposed t o  research t h e  advantage of an op- 
t i c a l  f i l t e r ,  t o  f i l t e r  t h e  image d a t a  before I t  r e a c h e s  t h e  " d e t e c t o r  a r r a y . "  
It  seems t h a t  fa r  a system l i k e  MLA, where t h e  image d a t a  i s  sampled by a d i s -  
t i n c t  detector  a r ray ,  an a n t i a l i a s i c g  o p t i c a l  low-pass f i l t e r  can be very 
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h e l p f u l .  In fact ,  an antialiasing f i l t e r  f o r  s u c h  a system can a be an op- 
t i c a l  f i l t e r .  It a l s o  secms t h a t  such an o p t i c a l  low-pass f i l t e r  may be more 
e a s i l y  achieved than  time-domain e l e c t r o n i c  low-pass f i l ters .  Therefore  we 
recommend t h a t  a r e s e a r c h  be e s t ab l i t hec i  t o  evaluate the needs and t h e  prac- 
t ical  f e a s i b i l i t y  o f  an o p t i c a l  low-pass f i l t e r  f o r  an image-sampling-type 
cane ra  i n  o r d e r  t o  avoid aliasing. 

The sampling theo ry  s t a t e s  t h a t  i n  a samplina-type system, a p r e f i l t e r  is re- 
qui red  t o  avoid aliasing. 

6 
2 
- 

1.a.  Or ig ina l  s i g n a l  

dt 
2 
7 

1.b. The s i g n a l  a f t e r  i d e a l  
low-pass f i l ter  of f s / 2  

ds 
2 
- dt 

2 
- 

2.a.  Or ig ina l  s t g n a l  
a f t e r  sampling and 
r e c o n s t r u c t i o n  
( a n  = a l i a s ing  no i se )  

2.b. FIltered s i g n a l  a f t e r  
sampling and r e c o n s t - w  t i o n  

As i t  is desc r ibed  by Figureb l a ,  l b ,  2a, and 2 b ,  t h e  sampl ing  theory  s t a t e s  
t h a t  i f  t h e  sampling r a t e  is fs.  t h e  ou tpu t  has  no frequency c o n t e n t  above 
f s / 2 ,  or t h e  i n p u t  w i l l  appear as aliasin,: no i se  a t  t h e  o u t p u t .  Sampling sys -  
tems i n  t h e  time domain  3re v e r y  common today. I n  p r a c t i c e ,  a p r o j e c t  time- 
type low-pass f i l t e r  cannot  be achieved ,  and so a l o t  o f  systems use oversam- 
p l ing  to  avoid aliasing no i se .  7he new gene ra t ion  o f  grGUnd obse rva t ion  
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imaging d e v i c e s  l i k e  HLA u s e  a d e t e c t o r  a r r a y  approach. Such a sys tem is i m -  
age sampling and obeys t h e  sampling t h e o r y .  As such ,  any  s p a t i a l  f r e q u e n c i e s  
greater t h a n  t h e  half-sampling f requency  w i l l  appear  a t  t h e  d e t e c t o r  o u t p u t  a s  
an a l a i s i n g  noise .  A t  t h a t  p o i n t  t h e  removing of t h e  n o i s e  from t h e  real  i m -  
age is h a r d l y  possible. It  t h e n  seems t h a t  t h e  image d a t a  should  be f i l t e red  
b e f o r e  it is sampll.d by t h e  d e t e c t o r  a r r a y .  Such a f i l t e r  cou ld  o n l y  be  o p t i -  
cal. It a l so  seems t h a t  a s p a t i a l  op t i ca l  low-pass f i l t e r  can  bc , t e r  a c h i e v e  
t h e  ideal performance s i n c e  t h e  whole da ta  e x i s t s  i n s t a n t a n e o u s l y  a s  opposed 
t o  time t y p e  of f i l t e r i n g .  When t h e  s i g n a l  from t = - 00 t o  t = + 00 cannot  
be a v a i l a b l e  t o  t h e  f i l t e r ,  t h e  o p t i c a l  f i l t e r  t h e n  should  b e  p a r t  of  t h e  op- 
t i c a l  subsystem used t o  b r i n g  t h e  image da t a  t o  t h e  d e t e c t o r  ar;ay. A re- 
s e a r c h  should  be e s t a b l i s h e d  t o  e v a l u a t e  what kind of b e n e f i t  would come o u t  
of an o p t i c a l  f i l t e r  i n  f r o n t  of t h e  d e t e c t o r  a r r a y  imaging d e v i c e s .  The per- 
formance of a low-pass o p t i c a l  f i l t e r  should  be s t u d i e d .  The problem of d i f -  
fererit o p t i c a l  bands should a l s o  be cons idered .  The f i n a l  r e s u l t  of such re- 
search s h o s l d  be  t h e  requi rements  for a low-pass o p t i c a l  f i l t e r  for a s p e c i f i c  
detector a r r a y ,  and whether or n o t  such  f i l t e r  is cos t  e f f e c t i v e  a t  a l l .  

I V .  U t i l i z a t i o n  of DOD C a p a b i l i t i e s  by NASA 

An e f f o r t  should  be made t o  e s t a b l i s h  t h e  s t a t e  of  t h e  a r t  on  t h e  c a p a b i l i t y  
of t h e  Departzmt of Defense and t h e  i n t e l l i g e n c e  community t o  produce image 
p rocesso r s  for. sharpening  ( a l s o  resampl ing  and f e a t u r e  e x t r a c t i o n ) ,  t o  es tab-  
l i s h  i f  +.he!r t echn iques  cou ld  b e  u s e f u l  t o  c i v i l i a n  a p p l i c a t i o n s .  E f fo r t s  
could t h e n  be made t o  'nwe t h i s  i n fo rma t ion  dec lass i fed  and made. a v a i l a b l e  
through p u b l i c a t i o n  i n  t h e  open l i t e r a t u r e .  

V. I n v e s t i g a t i o n  of Effects of D i f f r a c t i o n  

Appropr ia te  compensation !sharpening)  t echn iques  need t be  developed fo r  u s e  
on d a t a  I t 1  which t h e  daTl ran ,  c a s s e  of t h e  image b l u r  is d 2 f r a c t i o n .  Advanced 
Thermal IR MLA s e n s o r s  arid p a s s i v e  microwave s e n s o r s  w i l l  be  "Defrac tor  
Limi ted ."  Study should  be conducted t o  e s t ab l i sh  t h e  technique  t h a t  would be 
used and the performance improvement t o  be expected a s  a f u n c t i o n  of t h e  scene  
c h a r a c t e r i s t i c s .  

V I .  SAR Image Sharpening 

Research a c t i v i t y  i n  suppor t  of s y n t h e t i c  a p e r t u r e  r a d a r  (SARI m u s t  h e  i d e n t i -  
f l e d ,  b u t  there was rio member of t h e  pane l  w i t h  real  expe r i ence  i n  SA? prc-  
cesses or i n t e r p r e t a t i o n .  Theso t a s k s  should  be addressed l a t e r  w i t h  appro- 
p r i a t e  people  provid ing  t h e  needed i n p u t s .  
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