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Preface II
This stu dy was pe rformed by Recogni tion  Systems for the Geograp hic

Sciences La b oia t ory of ti me 11 . S. Arra y Eng ineer T o p o g r a phic Laborato r i e s

to investi gate t h e  feasibili t y of s t ; i n p 01)tj c: i power  spectrum at ta lys is  -

t ecl ium ic i smes for  automatic tOpot~]’5pIi1C fe a tsu mc classification under  Cont rac t  —

-‘ No. I)A A K 7 O — 7 8 - C — 0 0 1 9 .  T O -  contract dur a tion v,’ a s  31 J anu a ry  1 978 to

1 June 1979. D. C r ; ’i p ]P ; 1-~s; i’ was the USAETL Contracti ng Of ficcr tm a 
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Te clu ti ctil  Rc prcscn t ;t tive .
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1. 3 - - -Cont inued .

c. agriculture - radar
: d. forest - th ermal or radar

1.4 A dd i t iona l Studies Recommended

The following arc recommended areas where additional effort
would extend or improve the results obtain ed in th is stu dy:

1) Utilize similar features  and decision ru les on a larger
data set re present ing more geograp hical areas to
extend the sta tistical validit y o these result -s.

2) Improve the decision al gorithm and stu dy t h e
relationship of the present al gorithm to the pr eviousl y
developed FACEL MISTIC al gorithm.

3) Obta in a data base containing thermal , radar and
panchro mat ic imagery of identical scale and pers pect ive

over a singl e geographical area to obtain a more precise
performance comparison for the thr ee sensors.

4) Fo rmalize the approache s to bounda ry definition tha t
appear promising as a result of this stud y.

5) Use bounda ry definition or other appro priate techni ques
to implement contextua l processing in order to improve
decision making in areas wher e local texture is

- - 
. insufficien t to differentiate between terrain types .

3Ii
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I.
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~~. 0 OP TICAL PO\VER SPECTRU M ANALYSIS -
TECh IN ,[CAL BACKG R O UN D

2 . 1 1-listo n c  al Dcvclop ;nent

Diffraction phenomena have been obser ved since the early days

of the development of optical science. iluygens obscrv c-d~~~ that if a screen

was placed to intercept a portion of a light IJCam , then at son-i c slista nce

beyond the screen , light was visible as expected on tLe side of ti1e beam not

obscured by the screen.  But , in addition, light was also visible on the side

I - of the beam blocked by the sc reen .  This observation by Fluygens arid his

use of time secondary  wavefront  construction to predict  the wavef ron t  at an 
farbi t rary  dis tance hr~’ond the sc reen  are early formulat ions of the theory

of d i f f rac t ion,  As the theory of e lect romagnet ic  wave propagat ion , in

pa rticular, the propagation of optical d is turbances  was developed. The

superposit ion principle embodied in l luygens ’ pr inciple was developed

more fo rmall y as the F re snel-K ir chlm off integral as a result - of the suitable

application of Green ’s theorem. ~~~~~~

Regardless of the historical and mathematical development
I -  leading to the result , it beca me apparent that the relationshi p between a

diffraction pattern and the object causing the diffraction pattern svas

a two—dimensional Fourier transform relationshi p. Until low l)o\vel’

helium neon lasers became available tosva rd the end of the 19 60 ’ s ,

forming diffraction patterns that could be easil y photograp hed or measured

was difficult because non-laser monochromatic sources could not easily

supply the requi site power. Once the capability to gener ate the diffraction

patt erns associated with scenes imaged on transparencies became readil y

available , many workers began to experiment with diffraction pattern or

optical power spectru m anal ysis Systems.
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I
Iii ti me mc i m i . t  i m i d o ’ 1’ ~‘f l i ii ; ;  a e c t i o m m , Wi ’ ;- l i d1 I b r i m -f l  v r ev iew th is ’

I ~ o’ h O  a , 1 01) 1 ical  i’~~~ ml i;~ii m’ ,~t s i n  u sed  to  des’s-i op a di f f r t m  o ’ t i m m  p a t - I t ’ i n , t im e

type of eqm m i ~l m u e ! t t  t h a t  is t i v . ; i l t i b l o ’ t o s~~iiip1e d i f f m ’ - ;~~I m o rn l t , ; 11m ’ l ’ m )  d a t a  m l

J h m i m : h m  a i m m ’ed , soi i ie  r c fc m ’ s’ m i c o ’a t o p e ns ’ m ’al . tpp Ls’ti t l i m i t :  of t h i s ’ li’s’h a i i m i i t e  ansi

a Sm m m i i n h i o ry i f  t l ; s ’ im ) i l ism rt ,m ;it v- s m i ~k t h a t  1:; 
~~~~~ 

j~’t i b l m - to t h i s .~ ; ; t m m dv .

I
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
1

()jm~ C e t i fj ~~~t ;~~~~j e t ~ ~
I ~

, ‘ S  S , ( I ) ,
I I ts ’ , \ l m h m ~ - 1 l i o ’ m m t ’ \ ’  ~m f l n i , t ~~ ’ 1- o m n m . i t i o m i  n m i i ~i i m e s  t h at  \ \ ‘ h i e m i m ’\’o ’ 1’

I 

.1 p m m i ; : t  : ; m ’ t t i ’Cm ’ i: ; , s - t i  Im’ point S s’U ~~~~~ h i s ’ ~t i i a s e  p L m n m ’ ~~iU ~‘ s L m i i i

l I m o , s i t  ‘( : ‘ , c l i t t ; i  p~t t t1  i ’mi oi l , ; I r , 1 ? i a t i m ; s s j O ~i t m l I I e e l .  p l o ’ m ’ m , ) l i \ ’w  h i m ~ m a ’ i i  t h e

J 

~m u t u m 1 m m - t V  m ’ o’ I i  t h i s ’ ( m h l i m ’ s,~t a m i d  i i i i , m t n ’  p o m l  ‘ i i  SOti i ’Ct ’5 . ~“ }i e C i t i C _ i 1 i \ , t l t i ’ee

~ i t mm. t I . i s ~m i~ a i~m~ l~~i : ; ~ih ) le  ~15 ai iuv , m i iii l’i~~5ml ’ m ’ ‘• ‘~ 1 . i lls ! t I ’ ,fl t ; f l i i : ; ; j ( i i i  Ol) ’I o ’Ct

I 

ma\’ h ) ~m 1 i ~~m ’ ul  a f t e r  the lo i n ;  or h i e f m t l ’ e l i i i ’ l ena  in ti d ivom’ t~i m s ~ h~’, ; m mm m~ r , i f

the p si H i sou ace is at inf i ,i i i t v , iii a co l l it t i a t e d  b e,; in . Iii ~- m ’ns ’ i’ , t i , ~t iS

h s - t 15 - r I t ’  l m t i V s ’ I 1 ; m ’ I t’ , i i l : ; l i ) j : S l O l i  O1)~0’Ct i i i  the c o n i v s ’m 5 i i 1 ;~ h ;- , t m i s  ~~~ a t ’vo ’ m ’~~l

r& ’ , i t ; om i s :

1 1) 1151105 I s ’ii: : p t t l ) i l  d ot s ’;; not  l im i t  l i m e  r . tv : ;  d j f f m ’ , m c l s ’d

I 
tow a i’d t im e d0 ’ to’ cto r .

- ‘ 

2) The a ben m’s ti omi r e q u i r e  inc nt - s on I lie Icu ; ;  a me m m  ni chi

L

ies ;: 5 e v  s’l’ s’ S im i ce  I 1~~’ i m i c i d e m i t  i U u m m i  i n , t t  ion svill be

e ill ie r a c oll imua tes i  hm m ’.i mu or ~i dive r m~imi ~ b eam svith

a know-n ~ pIit ” m’ic , ii wa  v e fr o n t

3) The po ssib ility of p i m o s t :  i m i i t s p s ’;; at t h e  de t ec t  or is

I mm ii ;-  -d becau~~o’ th er e is not a direct  path f r o i i m

the b u s  su r faee to ti m e detec tor .

I
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£ , f = spatial frequencies coo rdina tes

I
Figure 2- lA . Object befor e lens in collimated beam. 
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J 
t X ’ t m 5 ’ - t i U S ~~ 1Oii m~~ oct 1,s ’ f m t r s - t i ts ’ l i i i ; ;  i ; ~ I ; , ’!; t h~ f l h s ’ l i i m  :mi j h l i i i m i ; —  1 1 m - : m  iS

culfl n , - t m d . in  t1 ;i~ ~~, 1 ; ; t - , ~ ‘- i i ’ i t l ~~- ( i a  s ; i l I : ; : ; 1 v : i  o l f l m ’Ct  ifl 1 1 ’  c m - I l ; ; :  - t~

u s d 0 1 , Us ’ ps i t  i n ; ;  s i t ’ t h ~ m i - I -  s t  t’e - J , m t i 5 ’ s - to  U e l s ’ ; i ; -  O l t ~ i h m  d e t s ’ c t m m r  m . m s ’ : ;

no t  , ‘ t L 1 ’Ct U ;~’ n -  - 
: m j f i e , ; t s n  m m f  U s-  m~ j t i ; ’ , ; c l t m ~ i m : t t s ’ m’ ~~. FU I ’ t l m ’i ’ S U i ’ O , if

th i s ’ s m l m ,~~Ct j :; ; i ,  5’ 5 ’d H h i m - 1 - , s’~, o C - m i  1 l - ,~ m ’ s m f  t h e  l e ns  t l l m ’ I 5 , , ( I  ‘ , , l ; c

~~; C 1 I ;~ i ’ -  t h e  m - : : i m r s ’ ; ; ;
~ 

I - ;  L o t ’  I L5 - dj ~ fi’ , ; c t j s m : m  p - t t ~~- r m m  d 

T I n ; - - , t i n  - ‘ : , oc t  1-’m - on’is ’r t a - m i : :  ‘v i ’ lml  ;‘ 1 ’ 1 ; t i s m : m ; - l n p  1, , l m t i ~ l l m ’ t u s ’ s’i i  ~~~ m ’

t i’ , ; : ; ;  : - i : -  i s ’ -- l -~ - ~; it t1  1 s’ i t  5 111 l I f i  , h ~ I -~ t k - s i ;  it ;  l l ~~- d i  L i ’  ,~~~l ( 1 ’  p ) . ; m i m ’ .

Of Cm~U ’5 s’, 15 ;‘ m ’St ’ F - l , 1 i ;  t 5e  ~~i l m ’fl5 l i \  l , ’ l t m ’ i ’t t  t , ~~ i ; -  s~m 0 ! p I m ’ m ;  : s i  t u t U

the  1 m i ; ~ ; : s ’ f , ; e t m - ; ’ i~: ~m f no l m r - s ’ t i o ’ ;i i i ; ; p m  i’ t , ; ; m ’ m ’ ,

l- ’in l l  ~ u m ’ i ; 1 , ; ’ : m ’ sots ’ , u 1 o i i i i ~n i , i l m m h m : - s ’;’ \ - 1  t m ’S çs’ ) C t i’SUS’. the

~ s’0m ’ t’,t l  m ’ j L ! ’ , ; C ~~ ; m m ’ : p ; t t o ’i’s o pt i ct i l  c m - : ’ - 1; ta t i m : - . N~~t~ il - t m  , , l t 1 ~~ s p l: i i ; ~-

ds ’s ’ s - l op i i i  - - - 1 la - , - h - 1 ’ s - ; ;  f~~r j i ’ , : 5 5 1 t ; i ; ; S S \ ’ m ’ a n d rm - t ’ i ’ , C l i V s ’ o pt i c ; 1  s- i , -~~~~is ’ : it 5 ,

~ ie at i t i lvi ;  j : ;  u~~-~ for  re fleet IVO s ’ h m ’t  i - I  — 5; ; \\ ‘oll . ‘l’lt st a , it ;  ~~m ’f ls ’ r u ,

al ly  s m p t i s’Sl i - i s - a s - nt  in t l t s ’ ~m t i I l t  l i s ’t\\ i ’ m ’ l t  this ’ pe nt  s ou rCe  s ; l m ~~s - s:t ansi i t ; ’

ins  ~ s’ -,‘:ili c s m s t  ;‘ i - ; : t s ’ t o  t h i s ’ di s tuo’ l , ; ; ’cs  it s  the d j l i r , ; c t i s m ; i  1i 1,; ;C . T h t 5 - l ’ m -f( fl ’ m ’ ,

all els ’mUs ’flt S i~ i i : s ’ m m 1 ~ t i C S i  p , i th i  of .1 m~~j L’ ,t C P i ~~fl p at t e r n  , t i i t ; l s ’a~~a :\ ;-hm ’ t ’I .m r e

cr itica l . 1 , i m t : i h i ; : ; ~ p~~t - i i : ;  \ \ i t L i l s  t i m e  s y t - t e t u ;  m a y  n ij i ij t i i - m ’ l i p l t  s p .u t i t ; l

f r e m l u m - nc\’ :s - a t t m ’ a f r m m t ; s  asm ; - i ~ cca fi  r fr on t  t i m e  det ec tor  hut sS lCi i  ; - i~~i.i t ioii

must be car e ful ly .u i t s l y sod.

2. ?.~~ Pows- m ’ Sps’c t m~ t m n ~~ t i mp 1inp Tec1mj ~~io ’- ;

To this  ~~si1 i t t  we h t , m  ye not t o i l  d r c  a scsi the pi ’oblciii of h ow’ One

is to m i l e  a :n; m’e the d i f f rac t i o n  plans’ j uts’ n u; it-v p5 tts ’ r im . Ba r] v w on c e  m’s
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3. ? 1~ -.‘(‘m m ’ ; l  H - i ; ,  - I .-T
4

0. 1 ~~~~~~~ m s .’ m ’ , u : : : ;  the f l i t s  it i ii  (1 , 01 m u t t ; . ‘.I ’ I u , - .I- ’ .I f l ; i  ‘I’ r , I i u o 1 ’ - u  U i:: s’, ‘I u - , ’ l l , - i i

I m v tI15 i0 ’~ ; 1— t i ’ s  c u i u i p o t t ~ - u’ ,

‘j’Iu s,’ :~~ ‘ a t ’ s — u , m , u i ’  ( i - I )  ( O P  ‘ 1 : 5 - , 1 , ’ s m - m I 1 - 5 - )  , m : , ; l o :  ~‘1 s ’ H- ; ’ 1 m ’ , I
::‘H~~~, t l :: l t , m , ;i  f l i t ’ 1 1 1 :  t I  ~ p~~s, ’ i - i , , i m ” ~~ ’Hi ’ t ’ f s i o ’ . ‘ u ’ i 0 ~~ !\  H’ , - I I ~ , t t ’ ; ’ l j j” 5 ‘

,

i , t ’s u 1 C 1 1 ’Is ’ 5 d , ,: ::I \ ‘ l)  sam:s, ’rj, - ,l 1- ~ f l ; ;  I O H I  i 1 l , 0 1 k ’l~ 5, - ; - ’ ’  ‘‘ ‘i 1’ - 
~~, ‘ u i -

~~ 
id , ’ - I , ’  p - ’ s ’ : s- r \ s  }‘ “ m , u 0 ’ i , ’ :i  1;; 101- \‘ , j u m ’l\  v - r o P - ;  ‘ u ’ - - t a ’ s’

u t - u i i ,  - I . 
- I - : - ; 1 ’  I f , ;  I , m m o t ; m : m  1 I m  I a - s’m - ’ m ~~ , t’ ‘s S c cl :  ~ ~~~~ s m ’’ , . 1 - , S

of  ‘ m m  5 , 1 ’  : 1 -P i i i ,  - I i , , - a ; , ; , ;  ,: f i t ’, - . ’ I u - I I ,‘ :  I m ’ - ,‘ ,
~~~ - T I ’ , 1 1 1 : 1 ) 1  5 5 so ’s ’ ~~~i - ’~ 0

V .1 t 1: ;, , : i - , : ‘ l u ’ ~~‘ ‘ ; ,  ; m , I m I  :1 ‘ s I :  P “ s’ .Is , m ,‘ac m ~; ; - - i a 1 . 1- . , ;  : - I m ~ ‘ ,,‘ , ‘tm ’ , ’ . - P O l o

1~, ‘m c  a i m  ‘‘‘01 , I : , ‘ : 1 , - f  .0(1 n:;. pa i’  c l t . t  ‘ i s’1 ,

, t f l i ( ( S:~ - 1 .  ‘~~ - :

‘l’lts’ C m - p m  - 1 , - ; ‘ \ t ;  3 , , ;  ;
~~, ;  s - t i  - i I , - , - , , m ,,. - :  11:, ’ ’ , ; : - I s ’ - ;

c, . I u ’ , - I l , u’ . If. C s - ; ; I . t ,i ; o ; :  ;t - ‘1, m~~i ’ s’ I ’ m ; . , ’ d u d s , ’ ‘H ’  I ’ ’ , m , i  I I ; ~ : - \ : : t , ’ t ; m :5- 1 ’ , a

5; ; s’s ~~ ‘H s’, s , - :‘, - 1 ’ , m t ’ m i i , ; f , ’ , ‘ s’ m l t t t  i’ m -P , ‘ s a t - -  ; , m u t ; 1 , I , ’ m , - , - \ ‘l ’ ’ l ’Y f’ s - a u  u ; h ’ :, -, l

p r ~ ’o i sP ’ s ; t i n ’  , ‘ S . l u , i ’j i ; u L  P 5 ’~ ’ \‘ IC ;  .ui i t u f u ’ ” , - s’ d s , - i ; t t m ’ ; ’ I , : e , ’ t~ I I : c  ;: s’ ; : f , ’ ; - ; ,

The 11 i, ~ ‘1 - - - i i ,  : -  I ’;  u — i  P t , ’ p r i ; i i - ’ : l  , ‘ ‘  m , I P m  1 5 m m - I t  l u ;  ,
‘
\ .  a, t I c  m l ,  1 , ; ,

P it a  ‘T” a- - I  I _ _ i t _ mi  ; ~‘; : f , ’’; o a P I ’s -, : ‘a- pr us’ - I ,  - ‘ . I ! ’ , ’ s iu ; , - t ~ s- , I I I
pos’s’er ful , , ‘ .i: ’ \ — ‘s, ’ - - i ; : : , ’ i , t ; ; u ’ L u ; l , ’ ‘H ’ ~t s ’ i t  ~ i m i  i - , ;; , u i o u 1 t I  hu t ’ a ’ . a’ ,~1 

~~~~~~ i f ,

‘fh t s: s m u s u ’ u , m ; t d : ,t ;’ ,’ h i . U m u , t m - c , ,I  l u ’ s  !,, ‘ v ’ s v u ’ m ’ , j t ;  .o ; ’ m I  ,i s’ , Ib , ’ I I , -o’~~,I 1-’ , cp I~~
L p u ; ” ;  i t  i s l e  I’ ; - . T u e  ‘c l i - ’  1; ; 1 ’, ,I i : : t  i a - I I i :  t - - ; 11 :: ’ I t  u~i ,j , t ’  ,‘ , ‘ ; t u ; n , ;  - , i  tSm , m l i  I d  m ’ -

1) l t , - , i , - I l u u , ’ ds ’l ’, u i i j t :i .m m i u 1 m l j i t ;  i” t ’ :;t ; u , - ! s ’ I ’ ;:

.1) ,l ’ i’ , ‘s i ,  I , , m a c i t t  1’! 5 Co i~’ , m I I  s ’ i m t  .1010 I I ’ u 1 u 5 f

. I t ,

r
- 

- 
- ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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3. 2. 4 —— Co:ut ii’;ue d.

3) Defin e a file name ;‘u’u d con’un ’ictnt

4) Defin e present  film coordinate s to system

5) Movc film to a speci f ied  film locat ion

6) 1111.111 speed v5’i rvJ /i’cw’ind of film

7) Sample film at present  coordi ;m ;:la;e

8) ‘r~1i5~ samp les in  a loop

9) Sasip le over  a 1° , r iP .  Ts : rm m ’uin ;t l  c u t ’ s ;  01it’;;;tm ’~~ :;; -.cI step

Sl’/L ’  table ilu le ad . Ra :;t c ;r  sC:u n s- tm i i Im / ’ , ’ ,’ i tI , 5 , ’st t  r e t race

~~~ p~ ’~~’s ’i1 ;d .

10) Plac ; end of file on out put i: loppy Disc

11) List contents m a C IL Floppy Disc

1 2) ‘11,’ us i’ - : Ii i .  l ’ s ;  -

IViH;fly S ; ’ , : ’s’ m I I f l m , pa i’, ’:”s, aI’ u,,’i’:’. zi ] ’ u dCt SOUlT 1~~2 1 i-a1 j . ;,~ d jo’s a t a 1 mi c ;

tI m a y  ;s,s- 01; cI - ; :no ’ ,~ . -P :st ass- th is:. Son-’ic of Li ;m ’ a ‘ore it  ; t I m 0 r t ~~;,t  i’~ 
i ’m-m eters

‘ s u i t ü ’: ds: -Ii ,. ’ l~~,;i oT t];~ S; 10P.)Jhh u ; ” , :10 arid 5- I m o p a  SIC , u I  m s - I l  ‘s ;r t ime  dot s  is; to

be aavu ,’P ‘s m ; ’s a Flcmppy Disc or plot—ted , th e ; :OuI’ l ’ sI . s: inds::-:, eec.

A uI’dcjuma’ ,is;tt ’,::rc’ of t l iC opcrat .i ;mnal  soft’,’,’ u r c  is that it is

\‘-‘i-’jtt,s~n ls time LASj C la ; ’sn,’ua’as ~ ,- i d  c5-:ecsotc; .; i s  an lx tus , ’s ’arc’~i”s’c mode  uj- ,ciei’

control H the 13,- ”s I I I C  ‘stOs tt’m ’b]01 ., Thu s, ns;”- ’,’ Co l r, O i i: u i P i 3  and ca 1’u;uIP ,I :iti s: oot

may be adu .IaP to t l i - ,; ;;‘s’e ts ’s;u ’i Lv t ’l :t : c:-:pcri;’st.:;:fc s’ on-’lj; :s: t a d  used

immecl i atel’,-,

T u e  sy;,; I: m am ’,’i can. r ’ s c i ily p e r f o r m  a u t o m a t i c  grid s :a i ;;~ -i ’L;;f: t in d

recordi~1f ~ at about  is’c (5) sample;; P ar  Silt  “ sit e , c;xClu: -;i\’ -s of initi;,l

manual flit s po;: .~t i o ; ’s i :o 1.  Tide rate in c l u d u s s  ‘smton’s;utic ;ts’cr;’mpi ;-m l  u - f  li~~
— to 127 Co;i::s’c; u IP ’s a s a mp les to reduce t iu s ; cffcct  of random G \r : ;t C I ’l l  n,.u i s e .
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3, P. -l -“ C, m u t i ’ u i ~s ’d .

C s tt u: ’ 3 m 1 m ’ r i ; i ~ f, !i , ’ , m l m s u ’ s ’ s,’ - I j ; ;t s ’d ‘ , u 1 ’ : u l d J  I l L  :~~ f l u e  i D i l  ) .\5 hm c ’s

i~~sls ’ m ’d ;;u 1mp ly f l , , ( i f  ‘50 s’:.p i s ’ ‘H t m ’ ;;!, - a u Ci .u s u t l i c u c s - , u ’ l i ’is ’ i s ’m t t  j i u , ’ s ; P , ; i u i : . - t n

for 11 api ; 11 . 111;’  c i t  ; u .  ‘j ’ I u  is ‘i j m l  s - r u  i , t u  [ ‘ f  P u t t  j;; I Pm ’ j u r ~~’ m 1; :cI. of s, -s s ’ r h 1  i m t ~ t i m —

\‘~‘ , l i ’ :; s-I i’,’ ; : , ’ ,i 1, 11 c I I , , ; 1  m t  I I ,  co;~ i u ’P0 , ’ -  ‘H~ ; : f m  t t i ~~, . l : : m ’ . 1i11(1 i sp  u ’s ’ : - a i t l ; -  l i i i ’

CU i r a ’ ~~~~;
‘ I I m - — c , ’. - I l ; , ’ — - ’ t i  i i i  CI  ‘1 0  s~~ u : i 1 m 1 H  ‘, t s ’ s I : ’ u i p u u m ’ ; : .

3, 5 , \ - t , - I ’ . , ’ I : : !’ m ’

‘ ( ‘ I i - ;: m ’ i ’I 5’, , ‘ i’ m ’ I m t - :a ,
~ J , ,  t I ; , ’ u’ s - s . . :  u ! , ’: i ; - ,  - i~ s u :1 m p ~ s at 11 ; ’ ’

~i ; u . J y ; - ~~:: I i ;  a; I;; foP : ; I u t m ! \  . ‘ i ’ l i s ’; .s ’ t m -  s: ’; ’ ‘s’ s ’” , u i , - : .  ‘; ;a  - 1 ~u ’  a t m ; , ’ ml

L. tPs - m ’ ” ’ - I ’ t ’ ~~~~~~ , ‘
~~

‘5 5 ~~
( ,; ’5 ]- ‘, \ ( ‘ I I L  u ’ t , - m ’ ; - l , ’;: . ‘F);5 ’ p m ’ i ’ t i m ’ m l m ’ ; - H ’ , ui  u - _ u c ’iP , - , U- - ’

- I I I I ;  ,‘t ~~ i’s
’ : . ,  - Ii a - i ;s’ s , , ; , - :  I i ’  :t i ; l  ; I m m ’ a - p s ’ ‘ i t ’ ; ,  - - l m ’ o ’  ; ,  - m 
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3. 4 Data Collection P rocedure

3. 4. 1 Pan and Radar Imagery

The basic data collection procedure for Pan and Radar Imagery

was to:

1) Align the frame area to be sampled using the fiducial

marks on the film to define the boundaries of the

sampling grid .

2) Use the motorized film transport chip holder to

position the imagery to the scan line to be sam pled.

3) Record individual aperture OPS samp les along the

scan line on floppy disk storage for subsequent

analysis. (A unique designator code was used to
identify the frame scan line number and location of

the ape rture along the scan line.)

4) Use an overlay grid to delineate the sampling location

for each samp le in the training set.

5) Assign a class label in accordance with the software

procedure outlined in Sections 3 . 3 . 4 and 3 . 3 . 7 .

This procedure was repeated for each aperture size.

The sampling grid overlaye d on the imagery is shown in

FIgure 3-2 . Table 3-1 sun ’u-nariz es the data collected by class for radar ,

panchromatic and thermal imagery.

3. 4. 2 Thermal Imagery

The thermal imagery data collection was generall y similar

58

~~~~~~-‘- -~~ ~. - .  _ _ _  “ ‘~‘~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ““ ‘~ — ‘ ‘ “ “  
‘ ‘ 

. - ‘ “ I

I ti

I F
3. 4. 2 --Continued.

with the following exceptions:

1) A single line samp ling g rid was developed rathe r than

a scan area sampling grid . This was because

individual scan lines were at widely separated points

along the long frame fo rma t of the thermal imagery .

2) As noted above , only a single aperture size was used.

Onc e the data for the sample areas was collected, the

processing proced ure for the thermal imagery was the same as for the

radar and panchromat ic.

I
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4.0 FEATURE AND DEC~~ION RULE DEVELOPMENT

The overall development philosophy for both featu res and the

decision rule was to continue development to the point that overall

probability of correct classification approached the order of 80% or
better. Additionall y, it was desired that no ind ividual class pe rcent

correct should be less than about 60% . It was decided that onc e a decision

rule meeting these general objectives was achieved for the .1 mm pan and
2 mm radar , no additional effort would be expended attemptin g to

significantly improve the decision results. Rather , the same algor ithm
* would be app lied to the 4 nun and 6 mm sam ples of the radar and panchroma tic

imagery.

The rationale for this approach is tha t the prim e objective of the
study is to compare effects of imagery type and aperture size. Expending

effo rt to opti mize an al go rithm for a specific data set in order to achieve

5 or 10% bettor performanc e is less valuable than understanding the

reasons for diffe ring performan ce as a function of ap erture size and

im agery type for a subopt ima.l rule .

4. 1 Feature Analysis

4. 1. 1 Ring Features

The generi c famil y of ring features initially considered for the

panchromati c film with a 2 mm aperture is given by

k

F(j, k ;t , m) = E r
~ (4—I)

E r

where r~ is the intensit y from the I ring
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4. 1. 1 --Continued.

From this gene ric family, the following specifi c features were considered:

F(j,j; 1, 1) = _ ‘~‘1- (4—2a)

r.
F(j,j; 1, 3) = (4—2b) ‘I

~~~~
r

n 1

r .
F(j,j; 4,32) = - (4—2c)

E r

The ba sic presum ption motivat ing the selection of ring features is that
texture in the scene causes an increas e in spatial frequency content at
higher spatial frequencies relative to the undiffracted ene rgy . Thus
features that compare the diffracted to undilfracted energy or the form of

the diffracted energy should be the most useful for discriminating among

the various topograp hic classes.

Analysis of the optical configuration show s that a 2 mm Gaussian
beam image spot on the detec tor will have virtuall y all the energy within
the first three WRD 6400 detecto r rings. With this in mind, the region of
undi,ffracted energy was taken to be the region contained within the first
thz ee r ings. The region of diffract ed ene rgy was take n to be the region
Including rings 4 throug h 32 . Thus , norma lization to undiffracted energ y
was taken to be norma lization to rings 1 throug h 3 while normalization to
diffracted energ y was taken to be normalization to ring s 4 throug h 32 .
Both of these normalizations were evaluated using the decision rule
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4.1.1 --Continued.

described in the following section. Normalization to diffracted energ y was
- 

- - found to be slightly bette r and the refore used as the prima ry feature set.

4. 1. 2 Wedge Features

- 4. 1. 2 . 1 Panchromatic and Thermal I m a gery Wedg e Features

The feature sets used for panchro mnatic and thermal i~nagery
• - are defined as follows:

Let w~ , i=1, ..., 32 be the intensi ty of illumination on the
.th 1

- - 
- 1 wedge. Then

= max w. (4-3)
i

7 Aw1 = w. 
+ ~ 

— w. for i 1 , ..., 31

w 1 — w32 for 1=32

Let (a ) .  1=1 , ..., n be the 1th order statistic defined by the
relationship

mifl = 

~~~1 <
~~~ 2 ~~~“< 

~~~~~i i+l < ”
~~~ n 

= ~~~~ s~.

1. 
1 1

The n, the first set of wed ge feature s ~F 1} is given by

[ -{ F~~ } ~
( 

~~~~~~~ 

- 

(4-6)

or in words , the ra niced absolute wedge differences normalized
by the maximum wedge.
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- 4 .1 . 2 . 1  --Continued.

I
The second set of wedge features F 2 is given by

{F W2 } = 1~
Aw I) 3zl)i 1 

(4-7)

or , the raz~~ed absolute wed ge differences normalized by the m~~imum —

I absolute wed ge difference.

J Note that these families of features are rotationally invariant,

i. e., rotational orientation of the diffraction pattern does not affect the

I value of the feature family. In addition, notice that these features are

basically a measure of the angular uniformity of the diffraction pattern.

j This measure of uniformity is not developed in absolute terms , but

rather relative to the normalizing factor.

4. 1. 2. 2 Radar Imagery Wedge Features

The best set of wedge features used for radar imagery is the

I following:

= 

W
i (4—8 )13 20 20I ‘

3 1 3

Notice that this set of features will be sensitive to the

I orientation of the diffraction pattern. It was designed specifically for

the synthe tic aperture radar in order to detect the “ cross pattern”

I characteristic of specula r returns from corne r cube-l ike objects on the

ground . These cross patterns will always be oriented in the same
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4.1.2.2 --Continued.

- direction relative to the flight path and therefore at a fixe d angula r
orientation in the imagery. Thus , there is in fact no loss in generality

- in using this type of feature.

This feature measures an increase in diffracted energy in the

central wedge elements compared to the othe r wedge elements. It was

developed by observ ing that a larg e fraction of the ape rture samples for
urban areas displaye d energy distributions on the wedges simila r to those
of Figure 4-1. On the othe r hand , the majority of samples from othe r
classes typically had a dip in the cente r wedge element s and tended to have

- Incre ased energy at the outer wed ge elements compared to the center

wedge elements as shown in Figure 4-2.

Finall y, the observation that led to the wedge features described
- by Equati on (4-8) motivate d the following wedge autocorrelation fe ature

set. —

A(k) = w.. w~~~ (4 9)
- — Er2 i=l k=l , . . . , 32

- - - 1=1

where the subscript with an overbar, , is interpreted as

= [(a _ i)  mod 32] + 1 (4-10)

Thus we have a wedge autocorrelat ion function normalized by the

- - I “undlifracted energy ” incident on rings one throu gh three.

~ I
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4.1 .2  --Continued.

This feature set was not quite as effectiv e as ~w( i ) 13~~~0~~, but

was significantl y more effective in identifying those samp le ape rtures
with specular returns that typify urban areas than the normalized rin gs

F(j,j;4, 32 ). Note that the autocorre lation form is in fact rotationall y
Invariant and fu rthermore is symmetri c abou t a lag of 15 wedges.

4. 1 . 3  Feature Evaluation Methodology

The basic method used to evaluate the feature families described

above was to utilize the features in the general decision rule structure

described in the next section. Ma~dmum mutual informa tion anal ysis
was used on a limited basis to evaluate the ability ol certain subsets of

the feature families to separate particular classes. It was on the basis of

just this type of analys is that the decision was mad e not to differentiate
between what appeared to be plowed and non-plowed agricultural land .

No significant separation of the two classes appeared to be achievable

with any of the feature sets under consideration. In addition it seemed

quite difficult to visuall y justif y the initial classification of various

apertures into plowed and non-plowed.

4 2  Decision Rule

4 . 2 . 1  Motivation

The MISTIC Decision Rulc,W is perfectl y general in the sense
that in principle it can handle an arbitrary number of classes and feature

vectors with an arbitrary number of components. From a practical

67
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4. 2.1 --Continued.

stand point , Z~ samples would be required in order to utilize n components.

r 
With fou r classes - vailab le, an d as few as 31 samp les in some classes ,

I an upper limit of f -r component feature vectors is imposed. In cases
- where the classes are well separated , fou r components may well be

sufficient to separate the four classes. In this case here , it became

[ obvious afte r initial investigation of the first data set that effective

separation of the classes was not to be accomplished using only four

[ components .

E By studying the envelope of the normalized rin g values it soon
- became clear that the urban class had the following property : each

individual ur ban samp le had a normalized ring valu e that exceeded the
I maximum normalized ring value for each of the other classes. This

property defines a region in 32-space. Thu s, given a sufficient number
1 of samples , the M~~TIC Decision Rule would accurately define this region.

However , a small number of samples would not be suff icient f or the MISTIC
- Decision Rule to perform this characterization. On the other hand, a

[ decision ruie which successively compared each component f rom an

unknown sample to the maximum, minimum, mean or othe r selected

1 quantile from the distribution of anothe: class could in fact define this

type of decision region in a very simple way.

[ 
_ _ _ _ _ _ _
4.2. 2 Decision Rule Definition

Let class 1 1=1 to 4 be given as follows:

Class 1 = Urban

Class 2 = Water

[ Class 3 = Agriculture

Class 4 = Forest

I 68
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4 . 2 .  2 -- Continued.

Let the regions A . i=l to 5 be the regions where the decision action is the

following:

A1 - decide urban

A2 - decide water

A3 - decid e agriculture

A4 - decide forest

A5 - abstain from making a decision

Let the generic feature vector for class i be given by

x
1 

{x~, , ~4, . . . ,  x~~} (4- 11)

In terms of the foregoing, define the reg ion B . whose boundaries

I are an upper bound on the reg ion containing all the class i vectors as

follows:

I 
B. = {X : x~ ~ x. ~ ~~~, j= l , . . . ,  ~}, i=l , 2, 3,..., 4

1 (4-12)
I. I mm i

where x . = X •

~~ all vectors j
[ in class i

-i max
x.  = x .

E j  all vectors j
In class i -

Now, the decision action regions A., i=l to 5 are given by

A
1 
= IX :  X ~ B

1
, 1=2 , 3, 4~ f l B1 (4-13a)

[ A
2

= J X : X ~~~ B. ,  1=3 , 41 t’1A 1 ()B 2 (4- l3b)

A
3 

= J X :  X ?  B4 f l ( A 1 UA 2)fl_B3 (4-13c)

A
4 

= {X :  X ~ B3 
} C) (A

1 UA
2

UA
3) flB4 

(4-13d)

A
5 
= (A1 UA2UA 3UA4) = B3 fl B4 U ( ~~1( % B2fl~~3 f lB 4) (4-13e)
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4.2. 3 Decision Rule Prope rbes

I

The decision rule defined in the previous section has some very

interesting properties. Amon g these arc:

1) The rule is hierarchi cal in nature and can be represente d

as a tree.

2) Bound s on certain probabilities of misclassification can

be determined independent of the underlying distribution.
. 4_

~ ’Therefore there is a nonparar netric aspect to this rule. ‘ - -

3) An abstention action exists but not for all classes 5-

uniformly.

Let us now examine these prope rties in more detail.

Hierarchical Nature - Figure 4-3 is a representation of the
4’

decision nile. The hierarchical nature of the rule can easily be seen from

this figure . In the first stage, the urban class is separated from the three

othe r classes. At subsequent levels in the tree , water , then agriculture ,

then forest are separated from the remaining group. Those samples 4
remaining afte r the forest classification are by d efinition the samples that -

~~~~~~

fall in thI. -ibst t nt ion icgion for which no dccision is m’idc.
- - -
~1~

-

. - ‘Nonparamctric Nature — The nonparametric nature of the

decision rule concerns an error bound for each class that is independent

of the underlying distribution for the particular class. To see this,

consider the following:

Pr l Error ( Class i} Pr~ X ~ A ( Clas s ~}
< Pr j X ~ B . f Class

= p r f x :  x . < x~ for some j
3 3 (4-14)

or x, > for some j ~

- - - - -- 5 -- ~~~~~~ 
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4.2 .3 --Continued.

The last probability is precisel y the probabili ty of at least one
I . th
I component exceeding the n order statistic or being less than the 1st

order statistic given n-samp les. Determ ining these probabilities is

I precisel y the problem of determi nin g the probabili ty of the first and

last coverage associated with the order stati stics f(x~~)k} . This can

I be done independent of the actual distribution of the x1~ (see Ref. 2) .

Thu s a bound on the probabili ty of misclassification can be dete rmined

1 without knowing the actual distribution.

1 Abstention Region - The reject region A5 is defined as

A5 
= (A

1
UA 2UA 3

UA4)

By application of DeMorgan t s Law and the distributive property of

J Boolean operators , it can be shown that

I 
A5 = B3 f lB4 U [~~1

(%~~~2
A~~ 3

fl~~4]

Note that this reject region is defined only in terms of the region for

I acceptin g class 3 and class 4 simultaneousl y or rejecting all classes.

i Thi s obviously does not limit samples from other classes from
I being in this region. However the form of the rule is such that at least

in the training set no samp le from agriculture or forest can be misclassified.

This is easy to see from the tree representation of the rule in Figure 4-3.

Any samp le that is outside of both B3 and B4 is not , by definition, agriculture

or forest. Thus , for members of eithe r of these two classes only three

I possibilities exist. A for est sample is only within B4; an agriculture

sample is only within B3; or a sample from eithe r one is in B3 Ct B4. Thu s

J either the samp le is correctl y classified or falls in the common reg ion and

is assigned an abstention action.
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4.2 .4  Specific R eal i:a tio ns of the Decision Rule for Panchromatjc , Radar
and Thermal Imagery Cases

During the course of the anal ysis , additional subclasses were defined
in order to better und erstand the performan ce of the decision ru le. Specifically,
new water classes we re defined for the two river regions in the panchron ’tatic
and rada r imagery when observation of the initial class statis tics showed an
apparent group ing into two distin ct g roups of the water samp les. In the
panchron -tatic imager y, Wa ter (50) texture appears nonuniform compar ed to
Water (60) . The reflectance from Wa ter (50) va ries dependin g on the distance
from the shoreline . The reflectance from W ater (60) appears constant
independent of the distance from the shorel ine. In the radar imag ery, the

distinction between the two water classes is slight. Wa te r (50) is not quite
as dark as Wate r (60),  but the re is no var iation dependin g on distance from
the shore.

Similarl y, the initial objective was to classif y agricultur e into plowed

and non—p lowed classes. Therefo re these class distinctions were carried
throug h the entire anal ysis . Using the notation developed above , the following

figures define the exact decision rules used for the panchro matic , radar and
thermal imager y cases. Also indicated in each figure is the form of the

feature family used.
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Acceptance Regions

B., i 1 , 2, 3, 4, 5 give n by Equation (4-12).

Feature Vectors (see Section 4. 1)
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Figure 4-4a. (continued)
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I Acceptance Regions

~~~~~ i = 1, 2, 3, 4, 5 given by Equation (4-12).

Feature Vectors (see Section 4. 1)
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I
5.0 QUANTITATIVE STATISTICAL EVALUATION OF DECISION

I RESULTS

5. 1 Statistical Formulation of the Study Questions

r The general ques ti on posed by this stud y is: What diffe rence

I in terrain decision performance is there (if any) for optical powe r

r spectru m anal ysis of panc hr omatic , ra dar  an d the rmal imagery ?

I Referring to the experiment design (Figure 3 -1 ) ,  this broad ques ti on

may be framed as seve ral more specific questions:

1) Are the overall decision results diffe rent when

compa rin g 2 mm sa mp led panc hromatic to 2 mm

sampled radar to 10mm samp led thermal

- (equivalent to 2 mm when scale is taken into

account) ?

2) Considering the portion of the experiment desi gn

compa ring panc hro mat ic and radar imagery

sampled with identical apertures:

- a) Is the overall decision performance different

for panchromatic and radar imagery when all

I aperture sizes are taken int o account ?

b) Is the re a significant diffe rence between the

ability to recognize specific terrain types for

- panchro matic imagery compared to radar?

I 
c) Does aperture size affect ove rall decision

performance or perform ance for any

particular terrain type independent of imager y

type.

81
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3) Does aperture size affect the decision performance for

panchromatic imagery ? For radar imagery ?

5. 2 Statistical Framework

Two statistical tests can be used to answer all of the questions

above. Questions I and 3 are answered by app lyin g a form of the X~~ Test

to test for the equality of two multinomial distributions with unknown

subg roup probabilities. An analysis of variance based on a linear hypothesis

model~
2
~ is used to develop the answers to question 2.

5. 2 . 1 Chi Square Test for Mult inomial EquivalLnc e

Considered two independent nuiltinomial distributions with

parameters given as follows :

fl •• 
~~~~

1j
~ 

P 2j~ ~~~~~ ~~~kj~ ~ 
1,2

X.., 1 1, 2 , . . . , k , 3 = 1, 2 ( 5—1 )

the corresponding observed frequencies

if n1 and n2 are large , then the random variable

-~~~~ 2 k 2
(x ..  - LP . .) (5-2)

j =1 i= 1 n~p~

is a sum of two stochastically independent random variable s

each cM square with k-i  degrees freedom. Therefore in

[ the limit as n 1 and n2 approach infinity ,? approaches a

cM square random variable with 2k-2 degrees freedom.
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5. 2 .1 --Continued.

The two mu.ltinomial distributions will be identical if

= p12, ~2 1 = p22 , and so on. Thu s, the null

hypothesis is given by

H
0
: p

11 
= p

12~ p21 
= p22’ ~~~~~ ~k1 

= 

~k2

with each p~1 
= p~2 (5 3)

i = 1,2 , . . . ,  k unspecified.

Since the subgroup probabilities are unknown, we may

use a maximum likelihood estimate for p 11 = p .~ given

by

= (X .~ + X .2 ) /(n
1 

+n
2

)

( 5— 4 )

When this estimate is substituted into equation (5-2)

we get the following statistic

-fl ” 2 k .fl 2

~~ {x .. _ n • [(X .1 + X .2 )/ ( n
1 

+

j 1  i= 1 n. [(X .1 + X .2 )/ ( n
1 

+ n2)]
(5-5)

This random variable approaches a chi square

distribution with k-i degrees of freedom. Notice

that when n 1 = n2 = n, the expression for X
2 
simplifies

-~~ k (~~.. _ ‘(X . + X . ) ~~’
2

— 2 ~~ 
2 il 12 

~ ( -6)— 

f~ 
(h /2)(x

~i 
+ X .2 ) 

-
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___________________________________________________5. 2. 1. 2 Application s of the CM Square Multinomial Test

I
When a decision rule is appli ed to a set of data samples, each

sample within the set is assigned to a particular class. This effects a

pa rtition of the data samples in various subg roups. The probability of

j observing a given number in each subgroup correspond s to a particula r

realization for the X~. in equation (5-1). In general, the p~. are determined

by the prior probability of a given class occurring as well as the

performance of decision rule. Assuming that the only effect on the true

p~. is the effect of the decision rule, then if we reject the null hypothesis,

H0, at a suitably low significance level, we have made a statistically

significant statement that the results of the two decision making operations

are not equivalent. Specific applications of this test will be discussed in

Section 5.3.

5. 2. 2 Analysis of Variance for the Linear Hypothesis Model

5. 2.2. 1 Test Description

Consider a random process in which two effects operate on

the random variable . For each effect, we wish to determine if a statistically

significant variation in the observed value has been caused independent of

the other effect. Specifically in our case, we have two effect s on the decision

results:

1) radar or panchromatic imagery, and

2) aperture size (2 , 4 or 6mm Gaussian beam).

Suppose we labeled the columns 2, 4 and 6 and the rows pan

and radar. We could choose as the entries the overall probability of

84
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I
5.2 .2 .1 -- Continued.

I
correct classification for the specific case, i. c., 2mm  pan , 4mm rada r,

J etc.

1 In general, we may develop the following model. Assume a

matrix with a rows and b columns. For each row one of t h e  t reatments

is held constant and for each colunm the other treatment is held constant.

Denote each entry in the table by X .. and the mean value of these entry

I random va riables as p ... We may now write p .. as

1 + ~~~~. .‘ Pi (5-7)

We thus basically wish to test the hypothesis that the a.
I are all individually zero - or the results by row are  not different.  For

- the second treatment we wish to test whethe r or not the 
~~~

. are  all

• individually ~cro — or results f rom column to column arc  the same . An

analysis of variance procedure is used to compare t h e  row or coliunn

• variation to the variation of the entries with respect to t h e  overall mean

j value .

[ This model assumes the following key properties:

I) Thc row effects and colunrn effects are additive as
I shown in equation (5-7).

1 2) The X.. a rc inde penden t normally dis tributed random
13

variables each with identical va rianc e C~ .

I:

I
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5. 2. 2.1 --Continued.

It is not clear exactly how the effects of aperture size and imagery type

combine. Thus, at least at this stage of the game the additive assumption

is as good as any other. A fairly strong case can be made that the second

assumption is satisfied. The entrie s are the results of independent

experiments so that in fact the decision results from one experiment

should be independent of those for another. Since the entries are

estimates of pr obabilities of error, correct or reject, they are the

result of a sum of Bernoulli trials. This sum for sufficiently large N is

ve ry well approximated by the normal distribution. Under the null

hypothesis that there is no column or row effect , all the variances will

be identical . They are estimates of the sarn~ random var iable which

follows a binomial distribution with variance np (1 - p).

With the foregoing in mind, it can be shown that the null

hypothesis H0: 
j3. = 0 (j= l , .. ., b) can be tested using the right tail of

the F-distribution as a critical region where the following F-statistic is

used.

a b 
— — 2

F = 
(a— l)  i~ l j~ l (X.~ - X) (5—8)col a b — —2
~~

1=1 j =l 13 1• 3.

where , 
~ 

is the 5
th column mean

X~. is the i row mean

X is the overall ehtry mean

P = b-l and P = (a -l)(b -1)1 2

I
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5. 2.2. 1 --Continued. H

Similarly, the null hypothesis that assumes the row means to be equal,

H0:a. = 0 (i= l , ...,  a) may be tested using the right tail of the F-

distribution as a critical region where the F-statistic is computed using

b a

F = 
(b-I) 

j =l  1=1 ~~~~~. 

•~ )2

row a b — — 2  
(5 .9)

(X .. - X. - X . + X)

[ i 1j 1

where P1 a-l and P2 = (a - l ) (b— l)

5. 2. 2. 2 Applications of the Linear Hypothesis Model Analysis of
Variance

In our case, the two effects we wish to test are:

1) the effect of the radar or panchromatic sensor data

source on decision perfo rmance

2) the effect of aperture size on decision performance

By applying the analysis of variance procedure, we will

determine if the results obtained diffe r in a statistically significant way

for rada r versus pan independent of aperture size and whether independent

of sensor type aperture size is a significant factor influenc ing decision

perfo rmance. Various measures of performance will be investigated.

These will include probability of correct classification, probability of

Incorrect classification, and probability of abstaining from a decision for

• all classes and for classes individually considered.

87
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5. 3 Discussion of Results - Stati stical Answers to the Study

I Questions

1 5. 3. 1 Confusion Matrices

I The confusion matrices for the eight diffe rent cases represented

in the experiment design tree of Figure 3-1 arc presented in Tables 5-1

I through 5-8. For the pan and radar imagery, the data was classified into

six classes:

I U rba n - class 10

Water - class 15

I Wate r - class 60

• Plowed Agriculture - class 20

Non-Plowed Agriculture - class 70

• Forest — class 40

Decision actions developed from the decision rule described

in Section 4. 2 we re:

I 10 - decide in favor of urban
• 50 - decide in favor of water 50

• 60 - decide in favor of water 60

• 80 - decide in favor of agriculture

1 40 - decide in favor of forest
• 90 - abstain from a decision

Two classes of water were maintained both in the description

I of the data samples and for the decision actions because the two samples

of water available in the data set appeared quite different visually.

1 88
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-5.

I
1 5. 3. 1 — — Continued.

Initial decision results indicated significant differences in the two type s of

water involved . Both plo\ve(i and non-plowed agriculture were designated

as separate classes initially in order to determine if accurate separation
) of these two classes was possible. For the panchromati c and radar data

I sets it was quite difficult visually to determine whether or not a field
I was plowed . Thus there was some question in the ground truth assignment

1 for these two classes. Since the ground tru th assignments were suspect

and initial results indicated no clear distinctions between the two classes,

p only a single agriculture decision class was used in the subsequent

expe riments.

In addition to the numbe r entries in the confusion matrix ,

j summaries by class of t h e  pe rcent correct, pe rcent e r ror  and percent

abstain al-c listed. 4 The overall percentages are obtained by avcra~ ing

1 the values for each class equally. Thus, for example, in Table 5-1 the

overall probab ility of correct percent equal to 68. 1 is obtained by
- 

- 

averaging 93. 5, (45. 4 X I I  + 7.6 X 26)/37 18. 8, (73 .4 X 8 3 4  64. 5 X 48) 1131
• = 70. l and 9O . l .

5. 3. 2 Comparison of r’~ t~chro~nat-ic, Radar  and Thermal Imagery
Decision 1 or iormance

The chi square test for equivalence of multinomial

distribution was used to compare the decision performance for panchromatic,

radar and thermal imagery. Three pairs of comparisons arc used:

1) 2mm pan versus 2mm radar 

~~ ~~~~~ • 1 . r~~ r •, r - ir i~~ . ~T.T 

- 
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- 5. 3. 2 — — Continued.

2) 2 mm pan versus 10mm the rmal

~ I 3) 2 mm  radar versus 10mm thermal

j These comparisons are for aperture sizes that include approximate ly

the same ground area. The comparisons are based on the number of

samples the decision rule assigns to each decision c lass .

In order to allow a comparison with the thermal imagery 4

4 which contains only a single water class , water 50 and water 60 are

$ j combined into a single class for both the pan and radar  imagery.  In F

addition, the number of samples in each decision class normalized

relative to the ntunbcr of tru e samples in that partic u lar c lass .  In order

to get a comparable set of frequency observations, the percentages arc

multiplied by the number of samples in the class for pan ii i i agery .  Thus

- in this sense observations arc normalized to the pan imagery.

Table 5— 9 contains the normalized frequency obsc rvations

for the three compa risons. Also indicated in each case is the value of

the chi square variable computed from the data and how this value

compare s to the 1~~ significance level. We notice that in all three cases

the value of the clii square variable exceeds the I~~ significance level.[ Thus we can conclude that the performance is d ifferent for pan , radar

and thermal.

I
If we use the chi square va riable as a measure of closeness

I of performance, we note that the pe rformance for pan and thermal is

closest with a chi square value of 14. 3. Ne~..t is radar versus thermal

1~
I

- 
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~1

I
Table 5-9. P an/Radar  fThe rmal  l)ccision Performance  Comparison

a) Pan versus Radar

Decision Class Label
Urban Water Ag riculture Fores t Ambiguou s

r ( 10) ( 50) ( 80) (40) (9 0)

2 mrri. Pan (1) 31 32 83 161 106

2mm Radar (2) 24 32 111 207 39

X2 = 41. 19 > 13. 3 (1% significance level)

b) Pan versus Thermal

r Decision Class Label
Urban Water A griculture Forest Ambiguous
(10) (50) (80) (40) (90)[ 2mm Pan 31 32 83 161 106

lOnim Thcrmal (3) 29 23 66 214 81

= 14. 31 > 13. 3 (1~~ significance level)

c) Radar versus Thermal

Decision Class Label
Urban Water Agriculture Forest Ambiguous S

(10) (50) (80) (40) (90)

2mm Radar 24 32 111 207 39
10m m Thermal 29 23 66 214 81

= 28.2 ~ 13.3 (1% significance level)

(1) Actual num ber of decision samples.

(2) Number of decision samples chosen to be the fraction of
Pan samples closest to the actual fraction of Radar samples ,
e. g. 20/26 24/31 for Urban.

(3) Number of decision samples chosen to be the fraction of Pan
samples closest to the actual fraction of The rmal samples,
e. g. 59/64 29/31 for Urban.

99
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I
5.3.2 --Continued.

with a chi square value of 28. 2. Finally the two which appear to diffe r

I the most are pan and radar with a chi square value of 41.2. Thus, in a
semiquantitative way we can conclude that at least insofar as the

I application of optical power spectrum analysis for terrain classification,
panchrom.atic and thermal imagery will have performance characteristics

I that are closer than panchromatic and radar or thermal and radar imagery.

1 5. 3. 3 — Detailed Comparison of Panchromatic and Radar Imagery

I 5. 3. 3. 1 Application of the Linear Hypothesis Model Analysis of
Variance

Analysis of variance of the linear hypothesis model was

used to examine the effect of sensor type (radar or panchromatic) and

aperture size on the decision perfo rmance for all classes and for

1 particular terrain types. For example, the decision action average

percent correct, percent error and percent reject may be formed into
2 X 3 linear hypothesis model tables as shown in Table 5-10. The rows
in each case contain the value for a particular sensor type at each of
the three common aperture sizes 2, 4 and 6 mm. The column F-value
is a measure of the variation due to aperture size independent of sensor.

I On the othe r hand , the row F-value is a measure of the effect of sensor
type independ ent of aperture size.

Tables similar to 5-10 we re constructed using the percent

I correct, percent error and percent reject for each of the terrain classes.
These tables are presented in Appendix 1. A summary of the F test

I values obta ined from these tables is presented in Table 5-li. Note that

1 100
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I
I
I Table 5- 10. Linear fl ypothcsis Model Analysis  of Variance for Al ] Class

Performance 
S

Ape rture /Type /Imagery % Correct ~ E rror ~~i Abstain

1 1mm Hardcli pped Pan 68. 1 21.8 9 .8

Zmm Gaussian Pan 80. 6 2.6 16. 6

1 4mm Gaussian Pan 70. 5 8 .2  18.5

6mm Gaussian Pan 77. 5 10. ] 12 .2

1 2mm Gaussian Radar  85. 2 5. 6 9. 0

4mm Gaussian Radar 84. 0 12. 0 3. 0

I 6n-im Gaussian Radar 91.3 5.5 3.0

I;
1 2 4 6

Pan 80. 6 70. 5 
— 

77.5  F 2 .08
______________________ ___________ col

I Radar 85. 2 84 .0  9 1 . 3  F 1.~. 4
_________________________ _____________ row-L % Correct

2 4 6

Pan ~ 2 .6  8 .2  
— 

10. 1 
- 

F = 1.7
Radar I 5.6 1.~.0  5.5 F = 7.5

________________________ ____________ row
% Error

1 2 4 6

Pan 16. 6 18.5 12 .2  F = 1.6
___________________________________ 

Co1

Radar 9.0 3.0 3.0 F 19.9
- row = S

~ Abs tain
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I
I Table 5-11. Linear Hypothesis Model Analysis of Variance Summary

F-V alu e ( v  = 1, ~‘ 2)

j (5% significance level = 18. 5, 1% si gnificance level = 98.4) 
~: 5 

-

% Correct % Er r o r  % Rej ect
Pan versus Radar

All classes 12.4 7.5 19 .9
Urban (1 0)  17 .28 ( 1) 120 . 86(2) 

1.0
Wate r (50) 171.96 (2)  

5.86 1. 0
Water- (60) 6.5 1.9 2.8

Agriculture Plowed (20) ~~~~~~ - ~~~~~~
Ag riculture Non- plowed ( 70) 2 174(2) 

- 2 172(2)

Forcst (40) 22 .4 - 22.4

F-Value  ( V 1 
2, V

2 
2)

(5% significance level = 19.0, 1~~ significance level = 99. 0)

— I
• % Correct % Error  ~o Rejcct

Aperture Size

S All classes 2 .08 1.7 1.6
4.

- S Urban (10)  0 .8  2 . 9  1.0

- 
Water (50) ~~~~~~ 0.1 1.0

- 

Water (60) 3 .3 1.5 1.0
Agriculture Plowed (20) 3.4 — 3.4
Agriculture Non-plowed ( 70) 392. ~~~ - 392.

I Forcst (40) 1.4 - 1.3

I 1. Close to rejecting at the 5% significance level the hypothesis that Pan and
Radar yield the same results.

2. Reject the hypothesis at the 1% significance level that Pan and Radar yield

‘ 
the same results.

3. Large F value but not sufficient to reject the hypothesis that Pan and Radar
yield the same results.

I 4. Close to rejecting the hypothesis at thc 5% significance level that results are
independent of aperture size.

5. Reject the hypothesis at the 1% significance level that results are indepcndcnt

I of ape rture size.
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5. 3. 3. 1 ——Con t i nued .

1 —5-——

for the row comparison, i. e., pan versus radar, the 5(~ significance S

level is 18. 5 and the i~~ significance level is 98. 5. For the colunui

- comparison, i.e., aperture si:~c, t h e  5~~ significance level is 19. 0 and

the 1~~ significance level is 99. 0. l3ecause of the form of the decision

rule, it is impossible for an error to occur when the tru e class is

agriculture or forest  in the training set. Thus, the 1-’ value in this cast’

I is i.ndcternunatc. This is indicated by a dash in the appropriate exitry
- position in Table 5- 11.

- 5. 3. 3. 2 Stat ist ically Si~~nif ica i i t  f li f fc rep ccs  1~~et u-e e n  I ‘an an d Rada r
S bidcj~endent  et .\ pe r tu  re ~‘i- e and ot  :\i~crtu  re ~‘ i e  1nd~j~e~ den t S

S 2f Ian or Rad.tr -

[ The statistically significant d ifferences between pan and r ada i
- arc :

1) urban—percent  e r ro r  ( 1 ~ signi f icance  level) S

2) water (50)—percent correct (1’~ significance level)

3) non —p lowed agr icul ture  (70 )—p crc ent  correct and
percent reject ( 1~ . signifi cance level)

4) all classes—p erc ent  reject ( 5’~ sig nificance level)

5) forest—percent correct and pe rcent reject - (5~
significance level)

~Ve may thus conclude that in general independent of aperture size there

( is a statistically significant difference in the perfo rmance using optical

power spectru m analysis for the two cases: synthetic aperture radar

1. scn sor and panchromatic image sensor.

Ii
U
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5. 3. 3. 2 —-Continued.

We also note from Table 5— 11 that althoug h not statistic al1~-

I significant at even the 5~1 level , a fairl y ~ubstantia1 F value is obtained

for urba n percent correct  and plowed agricultu re percent correct  and S

percent reject. On the other hand , even though there  ar e  la r g e

differences in mean pe rformance values for water  ( t O )  between the

panchroniatic and radar  sensor independent of aperture s i : e , this

S difference is not statistically signi ficant. This is due to the fact  that  S

S there is also sii~nificant va riation between aper ture  si. es for  wate r  ( oO ) .  
S

Thus in conipa ris on to the va riation between ape rtu res , t h e  var ia t ion

S 
due to sensor type is not significant .  5

- From Table 5 — I l  the only statistically significant  d i f ference

between apertures independent of sensor type is for  non—p lowed

ag ricultu re (70). The PerCeilt correct and percent reject values

resulting in F—tes t  values of 392. ~‘ and 392 . 2 respectively d i f f er  at the

1% significance value. Th is result j s intuitively appe al ing I ’ccaiise it

indicates that independent of sensor type , i~erfo rii~ancc on a t er r a i n

type having relatively less texture is improved as the aper ture  Si :e

increases.

5. 3. 4 Effect  of Apert -ure S i- c  for auc1irou~atic and R a d ar  lm.u~e rv-

5. 3. 4. 1 Application of the \ ‘5- Test for Mult inomial  Equ al i ty

The clii square test for the equality of niultinomial

I distributions was us ed to test the effect of aperture si..e on performaxice

for panchromatic imagery and radar imagery independently. For example, 
S

I
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- 5. 3. 4. l — — Cont inu ed .

to dct erni ine if the results to r the 1 t iun hard  cli pped ape r tu re  wer e

I (li(k rent t h a n  the ro ~: lt~ t~~ r the . inni ~ .tus s i a n  ap er ture  app lied to

panch ron ~atic ii u. go r ’. , ~ as coxi iput ed u s in s  co u a t  ion ( 
~
‘ — a ~~~. tI~ S

j data given in Table 5 — i  2 . The value obt a ined , -I I . 7 , is gr e at e r  t han

1 ~ . 1, the 1 . ’ s i sn i  fi~~.~n co level. Ther e  Co re \t c tn.~~ - r e icet  the !n pothos  is

1 that the d i : ;t r i h u t i o n  cC do c i : ion a ct i o n s  is tS ~~~~’ same for  th~- I n u n  and

2 nun ~-a sos . In ct-h o r ~ c r d s , dcei  s ion result s  .~ re d i f f e  r ent  to  the 1 nun 
S

I ~ui~l 2 inn ape rtu z~’ c a So S at t ~~e I S i g i Cic . t  ice  level . Th e re n ta i :ide r of

the tables d~~v elo~ od ~~~‘ r t ic ehi squ.i ro tes t  a re ui :\ ppo : i d t x  2 .

I
5 .3 .  -t. .‘ - Stat i ~- 1~ c.~l 1~ HC ie . -~t I~ i t : re ’’ee- ep cn~hn~ o~ \n c r t u r o  Si~~

A su l u t n a  r\ of t h e  r e s u l t s  f r o m  t h e se  tab le s  is in I’al’le :‘~~ 1$ .

[ The s _\ i’c~- ible 
~~~ 

ri s of I ~, 2 ni~ i , -
~ and - pa ncb ro: i . t t  ic

ape rt-ure cases were  inve s~ i ~
-. a t e  d . In cc rta in s j t~ t ions as no t ed , a

s in~le de c i sion  c lass  tic 1: as ~ a t or  c’ ~ o r a pa r of dcci s i cn  c lasses

such as for e st  4~ and ab s t a in  in cci ’ ‘ i n a t i o n  c~ u sod the  \ value to

I exceed the signiiica::ce level.

Di th e case of the 1 mm ape r tu  ro v er s u s  t he -I ~in ape ~~~ ro ,

forest  and .tb~~t . tj : i  ~ ore eoi:- 1’in~-d in a sj n ~ lc c L t s  ii .uid the \~ value

recomputed. In t i i iz i so, no si :i I f i c  an t  d IC  :~ - renc e betwocu the t w o

aperture si. - ci; is developed based on the \ value .  ‘l’hus , the conclusion

is that the diffe re iice bet~vee ii the 1 nun i- la rd clip and the 4 nun ~ aus Sian

is due to the relative d i C f r a ~~t ion patte rn s ig natu re s of fo re st  and

105
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Table 5-12. Test Comparing Panchromatic 1mm hlarclipped Aperture
Results to 2mm Gaussian Results

I
Decision Action

Urban Wa ter Water Agr iculture Forest Abstain[ Ape rture Sine 10 50 60 80 40 90

1mm 29 5 2 98 219 60

1 2mm 31 9 23 83 161 106

I (X .1 +X .,)/2 ~~Contribution to \
2
)

1. 190.0 4.42
6 83.0 6.37

[ X 2 41. 69 -
~ 15. 1 (l~ significance level) S

(See Equation 5-6)

II
I 

S

L 
5
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5. 3. 4. 2 --Continued.

I agriculture since these classes determine the decision boundaries between

forest and abstain. A simila r analysis for  the 2 mm versus  4 mm and S

I 4mm versus (‘ n u n sho~vs that assuming that all wate r 60 samp les were

correctly classified in one or both of the apertu re cases yields a

I distribution of decision actions that is not statistically significantly S

different for th~ two aperture sizes .

I The ape rture compa risons are summa rized in Table 5-14,

F which shows the comparisons bctv.cen 1, 2, 4 and 6mm aper tures  for

panchronuati c in l a g er y .  The entries in the table indicate the significance

I level at which the decision action distributions diffe r accordin g to the

chi square test for nmltinomial distribution compari son. In the case

[ where no statistically significant di fference  exists , the entry none appears

in the table . Wh er e  appropriate , an indication is made to denote the

I cause of the difference between apertures.

[ A similar analysis comparing 2 , 4 and 6 mm results for
S radar imagery shows no statistically significant difference, even at the 

S

L 5% significance level, between the distributions of decision actions for

the va rious aperture sizes. The test tables for this analysis arc[ presented in AppendL~ 3.

1 5. 4 Summary of Statistically Significant Results

I We ar c now in a position to answer in a statisticall y quanti-

ta tive way the three questions posed at the beginning of this section. We S

I do this next as a summary of the results .

1 108
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Table 5-14. A perture l ’e rf or ma;; ce ’ Comparison Summa ry for Panchromatic
Imagery

I 2 
_ _ _ _  

ô

I - i~ ~~~. ~~~~~~ Non e

2 — 1%
3 5

4 — 5~ )

6

\ S nj i i c . u ;c~ Level I f l d i C a tj f l L~
- 

P er fo r man ce  l~~11c r e f lC e

(1 )  J e C iu se  ciistinCtion bet\V t2eu  :\~~rj Clüture  and Forest  is not as \vell
def in ed  for  4mm ape rturc’ .

(2) Due to W ater (( 0) .

- 

(3) Due to Water  (60).

L
r

1
I

109

I
-



_ _ _ _ _ _ _ _ _ _ _ _ _  

I

5.4 --Continued.

Question I: Are the decis ion results for panchromatic, radar and th e rmal

1 imagery diffe rent?

I The answer to this question is yes. Specifically using the

chi square test for multh-iomia]. distribution equivalence, we have the

I following based on a comparison of the decision action distributions: —

2I)  Panchromatic versus radar - X 41 . 2 > 13. 3 = r

the 1% significance level

2) Panc hr omatic versus thermal - X 2 
= 14. 3 > 13. 3 =

1% significance value

3) Radar versus thermal - = 28. 2 > 13. 3 =

1% significance level

Question 2: What does a detailed com_parison of panchromatic and radar

image~~r show insofa r as: (1 ) overall decision performance,

(2) discrimination between variou s terrain types , (3) effect

-I of aperture size

I WIth respect to overall decision performance, the analysis 5
of variance of the linear hypothesis model comparing panchromatic and

I radar imagery across aperture sizes shows that the percent reject for

rada r and panchromati c is different at the 5% significance level. Thus,

I there is a statistically significant difference, although not as strong as S

it might be , between the overall decision perfo rma nce for panchromaticI and radar imager y.

I
51 -
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5. 4 — — C o n t i n u e d .

‘l’he di t e  ye nCe Ut pt ’ rtt) ii~~e i t ro ii;~ r t o t ’  ~
. peci fic

te r r .i in types. In r~ rt icu la t’, t he .t ii.tl y: ;is ot V. ; r i a i ice  t’o r I lit ’ line. ; r

hypotla’ S 18 Ii  to t i  e I yie hi t h e  Loll owing r esul t s :

• I )  U rb . t n— p er c ent  er r o t ’  d i f f e r i ;  f r o n t  P . t1 iCl t t ’ ~~~t i .  t i c  I t ’  S

r i l i t i ep t ’ wl t ’nt ~~‘ a i~e n t ;  N’ i - t ’ at  I ht ’ I

• s i g n it i c a t i c e  level .

\\‘ a t t ’r (~‘0 ) — p t ’ rct ’nt t’t ’ r r t ’ct t l i f f t ’r: ; f i ’o ; i i  p.. ;iie l u t - o i i i . i t  ic

to r . t t I _ i  I’ 1111; er \  it i d ep e i n i c i ut  of ap e n t ;  N’ •t t  t h ~ 1’~
level .

3) A g r icul tu  rt ’ ( 7 0 ) — p c  ret ’ u t  Co r rec t  .t nd pe r et ’ ni r ej e c t

t u ftt ’ r Ir o t i  t pa t ic  i t  r t ) 1i  t.i t i e  to r.t t’ i t i i .t  t ‘ \ .11 t i t t ’

ig nif ic.t t ict ’ it ’ vel .

4) Foi .t’ 1— in ’ ree nt cor r ec t  •; n il pi ’ VCt ’ n t r e j e c t  i i i  fit ’ ~

from i~ ’ tic ii r o i  i i . i  tic to r a t la  r i i t ’ rv I n t l e p e n d t ’ ut

of apt ’ rtu F;’ .1 t I it ; ’ ‘~‘ 1 i;~ u -t i Lie.; tic;’ le v;’l

l’ xanui iat ion ot tin’ ef fe c t  of apt ’ y~~~~; Vt ’ ind; ’pe ndt ’nt of
S jxi nci t ro ;nat i c  or  r ad ar  tn ’n~;or tv l’e sliou ~. i i ~t i i t i e . i n t  i l i t t e  r e lic ;’ U S i u u ~

- 
£ 

anal ysis of v.i via UC;’ on I lie ii ~‘.t r hvpot  lie  i n iodt ’I on I~ Lo tS a r i cu lt  t i n ’  (7 0).

in 
~~ rticula 1’ th e  pe i-Ce itt  co r rec t  a m l  p~’ in’ e ii i  r ej ec t  a Vt ’ di t f e  rent

indept ’ndent of pa n d ;  rouna t i c  or r . t t la  r at ; ,i funet io  n of apt ’ r tu  r ’  i ’ ~’ at

t u e  I ~ Si gI t i f i C . 1 I 1C ’

~ I ~~~~~~~~ 3: 1 ~ tn’t ; aj ~e r t u r t ’ Si  t ’ .i ff eet-__P~~~t~~E~_~ ~n; ce of pa tic I ; r o t t i a t i c a t i t i

r~t ( la ~ i t  nate rv I mi d j v nina l i v  ‘

111
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5. 4 —— Cn n t in t ;ed .

As shown in Table 5— 1 4 , there are s igiu if ica  nt difle renc es

bcbvccn the pe rformance on pai~chro inat ic it  i i . ige  ry for  diffe rent a’it ’ nt-n rc

sizes. In three of t u e  five cases \v i t er e  such d i f fe rences ex i st , t he

difference is attributable pr iu i tar i ly to the  (It ’CIS1Ofl resul ts  for  a

pa rticular class or pair of c lasses .  There  is ito statisticall y ~i i gmi i f i c a i i t

(at the 5~ significance level or In - t i c  r) diffe  retice het~v cemi  the p erfo r i t u a t t e e

utilizing t lj f f er e ut  ape rture si:’cs on r a d a r  i m n i ge ry .  \Ve shall  set ’ however

in the n ext section that  althoug h t h e  nun ibe  r ~if dec ision s ret i t . ;  in: ; u i ich t ; ;ng t ’d

for radar ~~1ien coiiipa r i t i i ~, the .~ n u u u i  to 6 t imi  caSe for w , t t e  r ( ( 0 ) ,  t i t t ’

diffraction p at t ern  sigiiatu res a i’e quit;- dif fe  i’e it .

1 1 2
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6.0  C0MPAR1~ON OF RESULTS FOR IND f l T IDUAL SAMP I ~ES

I- S

The quantitative discussion iii the last  section treats t h e  S

decision pe r fo rmance  from a iuua c roScop iC statistical viewpoint. In

this section individual 01 5 samp 1e~ will be compared in order  to

j poin t out in a q~m ;t l it at ivt ’ way  d i f f e r ences  that m a y  be expec ted in

diffraction patte rn s ignatures  when diffe rent sensors  ar c  used.

Because san ip le s we i-c taken over identical a reas  using the panchi roniatic

- and radar sensors , we will limit the discussion in this section to

compar isons  of resul ts  obtained using r ad ar  and p a m ic l ir o i nat ic  inia ge ry .

- The specific compar i sons  we will cons ider  arc:

I )  classification of urban using r a d a r  and p anch i ro umia t i c

with a 2 mnni  ape r tu re

2) classification of water (5 0 )  using radar and

panchrom atic ima ge ry a m id a ~ nun ape rturc

3) clas sification of forest  usin g r ada r  ami d panch r oui ta t ic

ima ge ry with a .~ tim -i ape rt-urc

1 4) clas sification of non— p lowed ag riculture uti li:’thg

radar  and Pimmi Ch r~ niatic in ia t ~e ry ~vit :h a nun aperture

5) classification of plowed agricul ture utilizing radar

and p an chi ro mmi at ic  i m ag e ry  with a .~ mm ape rhine

- 
6)  comparison of decisions for  wa l e r  (~ 0) and agricultu re

uti l izing r a d a r  and pa nchromatic imagery with a ~ nm-i

ape rture

[ 7) compari son of the r suits obtained for  water (60)

utilizing radar  and panchromatic imagery with .~~, 4[ and 6mm apertu res.

I I
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6. 0 —— Cont inued.

T h e  first  four compa ri sons corresp ond to cases f o r  which

j there is a statistically si g n i f i c a n t  dif fc  rence in -tw e t ’im the pt’ r fo rn ianc c

utilizing r ada r  and j ) am -t cht r oums ;t ic i u m u a g e  ry. in t h e  fi fth ; cas ’ there  is

no statistically s ign i f ican t  di f f e  rence between decision s utilizin g r ada  r

and pa mu ch romatic ii nag cry.  \V ‘ p resen t  ti u s  case to c omi t j~a no a

[ statist icaU y si g u - t i f i c ; u t t t  d i f ference  to one that is not.

The confusion matr ices  in ‘l’ablcs 5 — I  th rou gh 5 — 8  show a

distinct t rend of ove n a p  b ctwceu the ~vat : t -  r classes , ;ug nicult -ture,
& forest and absten t ion  act ions.  (Recal l  that  th~ abs ten t ion  action rt’g iOn

I- is the intersection of the reg ion in which both fo rest and agr icul ture

are accept ed. ) Thus , we show one examp le i l lust ra t ing how this

confusion can con-ic about.

( Finally, we show specific examples cot t ip ar i l ig  th ie \ua t e  r

detection pe r formanct ’  of rada i’ and p an c l t rou i i a t i c  i u i u a g e  ry as l a rger

aperture Size;; include vary ing degr ees  of shoreline.  This p ar t i cu la r

- example show s how t h e  S pecul a r return pros cut in the i’ad a r iS

L implicitly used as a feature while the lack of ti-to specular  r eturn f rom

the shorelin e it-i the panchronaat ic imagery yields an ape rture S a u n p it ’
containin g on— shore terrain and wate r that is not classified as water .

6. 1 U rban Sample Conipa nison

For the ~ mm case , 20 of the 26 radar  urban samp les art ’
correctl y classified while 31 of the 31 urban panchromatic samples

were correctly classified. To illustrate why errors occur in the radar

‘15
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t~. 1 — — C o t t t i u u u m t n i .

based dec i si ou t s , we have d uos cmi two s.t t up le : one fo r  wh i le  ii t~ it I t

rada i- a tid i .t m i h a s  ~-d dec i s ion s  ,; i’e u rL; mu ( h u t iwn  i t t  Fl ~ ;; r e (~ — Ia and b),

and the See ond fo r  ~-h i cli t ime r at la  r dcci ;-  ion j ; :  t or e  st while  t me p an

decision is u nba ii (s I I O ~~ : i t ;  I - ’i ;~ t t  r e 6 —  1 c a m id d) .

Examu u i t t i n g  the  t - h ~ t ’ fe .u t  it i’e p l o t s  it ;  I- ’ ig i t  u’ e — .~ to r S

t hese tw o  cas t ’  s , we cbs e rvt ’ t h at  the  imi c o r r  ccl 1\’ el i s  Si t ied

r ada r  samup li - noes  not exh f l ’ i t  t h e  c i t . t r a c t e  i’ isl  ic peak b e t w e e n  w e t h~~-s

14 a mmd I S. ‘I ’hu i s pe t !~ \ VII i C I t i a (h u e to I lie 5 pecula r r et  ii nu Ut I I ;c n a t h a n

samp les is i t ;  t a c t  \V h i a t  ~ it , i b1t - ; ;  u ;  to t h i ; t j i i m ’ u i : h i  t t r b . u t t  f r o m  t i o t u — u r l i a t i

t e r ra i n  type s . t~ i i s e rv i ng  th e  pictures iii  i ’i gu x’e t —  I of t h ~ sp e c i f i c

a jn - rti ; in- 5 . 1 1 )  ii ) ! c~ , we see t hi . i  I wI t  i Ic .u bu i l t!  i t i a  is v j sj  bit ’ in the

p a t i c h i r c m i m u t i c  l t t L t i ~~’rv , oni ct i t .ut . ien of t I m e  b u i l t h i t i g  j s  such t h a t  t h e r e  —

is ito s pt -’cu] an  t’etu rn in th~ u -ada i’ S .1 n ip le .

Th is sini ~le t ’X~~ t i  t it l e  i l lu st  rate ; ;  the tu lle re t ee  bet wt ’e ii I lie

u rban  det ect ion di f l r .m ct I ~ n Ic a t i ;  rt ’ u sed  for  p.; t ic it r o u m  i t t  ic iii 1.i e u’v

and t im; ’ feat  it Vt ’ used Icr ra d.u  F im u u m~e i-v.  Tin ’ pa t ic Ii ro t  ii.t t i c  lea t im in’

is s i tu i plv a rel tI we incr ea se in Ii j u ~lt sp~ tia1 f requ i en cv  content  due

to the line st irn ctuu re of m a n — m n a t l e  ob jec t ; ; . ~~ m t i t t ’ ot !;~ r 1 i u  mu d , I lieI - rada u~ feahu no j ;; the ~~~~~~~ r c no;; s patt e  i-n while  ii cau ses  .i s i t u m i l . ;  r

cross patt e rut  in thi e d i f ir ac t i o t i  pla t te .

- 
5 

6. .~ R op r e s t - t i t a t i v o  S a n i _ph-;; flfl ~a r i u t a  \‘ .; t e r ~~ 0 1 ‘ I t r o m atj ~1 - and 1~a ( Lu r Re sui t s

For the case of \vatt ’r (50), nine of eleven samp les were

correctly cla ssified using p anchiromat ic  t1~ita wh ile onl y f ive  of nine
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6.2 —— Continued .

were correctly classified from the radar data. Figure 6-3a and b
shows a sample area correctly classified for both radar  and

panchromatic data , while Figu re ô-3c and d shows a sample
correctly classified usin g panchiromatic data but assi gned to the

abstention reg ion when radar data is used. Figure 6-4 contains the 
~S

feature plots for both of these samples which shoul d be compared to

the fea ture statistical limit plots for water  ( S O ) ,  agriculture and
fores t in Appendix 4.

There appears to be no significant difference in ti-ic r
diffraction pat-tern fe ature signatures or in t h e  imagery  itself between 

I

S

the sample correctly classified by both sensors and the othe r samp le
which is correctly classified only using the diffraction patte rn data 

S

from ti-ic panchromatic imagery. Examination of other samp les
appears to substantiate the conclusion that diffraction pattern signature
difference causing ti-ic performance difference between radar and pan
is more complcx than can be seen by a simple examination of the
feature plots and imagery samp les.

6 .3  Comparison of Results  for  Forest  Usini! Diffraction Pattern
Samples from Radar and Panchromat ic  Ima~~cry S

For the 2mm  aperture case, 199 of 211 forest samples were
correctly classified utilizing the radar imagery. On the other hand ,
for the 2 mm aperture only, 159 of 214 samples from panchromatic S 

-

imagery were correctly classified.
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6. 3 - -Cont inued .

Once again, two specific sample areas were chosen to

illustrate the qualitative differences between the results for  radar

and panchromatic imagery. The sample area correctly classified S

utilizing either pan chr omatic or r a da r  derived data is sho\~~ in L
Figure 6— 5a and b. The area correctl y classified f rom rada r  but

incorrectly classified from pan is shown in Figure 6—5 c and d .

Corresponding feature plots that may be compared to class feature 5

S statistics for fo res t  and agriculture arc shown in Figure 6 -6 .

Observing ti-ic p ictures in Figure 6-5 we conjecture that

the superior performance of the OPS measurement data dcr ived  from -
~~

radar  imagery is due to tree crown and branch induced texturc which

is more pronounced and consistent 5n radar imagery than in panchromat ic

imagery. TI-ic texture associated \vitll forest  in panchrornatic imagery

is quite often du p licated in non—fores t  agricultural reg ions. This is - 
-

consistent with the decision results shown in the confusion matrices

(Tables 5 — 1  through 5-3) where a significant ambiguity between forest

and agriculture exists for the panchrornatic samples .

The difference in texture appearance is obviously due to

the different sensor wavelengths. The appearance of the forest areas

in the radar reconstruction is very similar to the speckle pat-tern

observed in photog raphs when a rough surface is illuminated by

coherent visible wavelength light. The relationship between the radar

illumination wavelength and ti_ Ic surface height structure in the forest

areas is undoubtedl y quite similar j :o t h e  wavelength and heig ht proIi]c

relationship for a visible wavelength and typical optical diffuser.
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6. 5 — — C o n t H u o d .  S

clas s i f ied.  I ‘hot os r ap hts of t h e  sacup ic ’s cor rec tly id e i t t i  lied in bo th ; S

cases ar e  sho\vn in Fis.u rc’ ( S — ~~ ; an d  b v . l i j lc~ I lie s~u i ;  pies cor red lv

cIa ss ifiod ft -on ; i-a ch; r and in cor r e c t l y cia si 11 -ci fix ’ in p an s a c ;  - i t s ]  ~
are s bout; iii l-’igu i- c 6— ~c an d ‘1. T h e  cot- ros P ’ ~ ’1 i t s. fe - ~t ta re 1)1 ut s

arc 511c3\\ ci iii i i~ u ro 0 —  1 (1~ Ti-ic so should be cocup .; red I o h i t ’
statistic s foi t i ic fe a t u re  facu ilies  shown in A ppet id ix  4 .

Coiiimc’nts conce ru ins .  I ;~~
- plowed aU r icuihi  re s.; c t ;p i e in t h i s

case a re  i’s:~ c i i i j a i l  ~ t i t o s at ;  - ,;;; t hu s  c~ iii  t h ~ 1) 1c ’ \~i1)i1S s ect i c i  C o:;ce r t t —

ing n o n —  p iO\\ ed a i-iculi-ti i.e . 1;; ~e c-ic r .; 1, in  ii  :e sa p Ic ;; - ;  ~~~ i - 1 do , it

was  ext ix- ci lelv d i f f i cu l t  to  d isco rc t  .; c;y V isua I di f f o  re ’ Ice ltet \\  eon

san ;p]o s class Ifj c d a s  plowed and Sa t  c ip ie a ci as: ;  il ie  c I  • ; ; ;  n o n — p l o wed .

\V 1;e rc - ve r some d a t ’. r~-e of ( I j I c C t L ’’. h u e  s t ruc tu re  u a s  r c c  se u t  in a

field , t h e  samp le ‘tV .l ~ cia 5;; ~~~~~~ as  plowe ; . I h ow e v e r , qult c ’ o f t e n

this l ine  stru cture did not: h a v e  suf f ic i~- it  coc;t i- a~~t 1 e Cor n - i  t h ic ’

cl-ia r . tc i erj st ~ c d i ffr a c t i o n  p a t I o  rd 01 a g ;-atin~

6.6 Cotnp a r i s c _ I t t  of Re sui ts  f r W t s ~Jt~~~~ j~d A c ~rii- i ; l 1 u r c
l I : i ! i  :-i i~~ C j ’I ca l i ’ ow, -r  Spec I ru a n \ . O a S \ i  rc -n 1 t ’u ’ t ; ;  i- out

Ra d a r  acn . i } . : - i d - i - , r a n i a t  Ic i u t ; t - e r v  \\ i t i i a -~ t u t u  ~
-
~ a c~~~iH s

-/‘- l ’or tur c-

In this case We wi~ b t o conip a re a sacu p] e a rca in the

water  (60) ro s.ion to ano th ie  i in a~ r icu ltu ix- that  appeal. to have

idcnt-ical text-n rc ’ in the p~tt - i c 1u i -oc t ia t ic  fo rmat , hut l i i ; ; i-lcedi y di f fe  rent

textic r c’ in t h e  ra (1.1 r r c’C cc i: ; t ruct ion. T h e  t\V O are. ; S a rc’ p iclu roth iii

l’igu re 6— 11 . T h e  Co i-re S h_ Ioc ;c1 big optical pOwe 1~ rt
~

- ’ c t run t f ’  atu re

plots should be compa red to t h e  class fo. ;t - ic re s tat is t ic: ;  fo 1~ \v. ct -

ag i-icuith re and forest  ic ; Appendix -1 ~~t; shown in i- ’i gu rc ~~— I .~~.

____  ~~L~~~ --~~~ -~~~~~~
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6.6 — — C o l i t - ! u u l c O d .

For t h e  pa itch ron atic ifliagc ’ ry, the wate r s amp le is
incorrectly clas sj fIc -d as Lu cc ’: ; I whil e the ag r i ct c lh t  i-c saii;l)le is
a ssi gned an .tl;st c-ntion action . ( ha-call that  at ;  a b~ t eu t t  iou ; in tl ;i~;

case is due to t h e  fact  t: lcat t h e  a i i i  t~ ;i
~ - fall ; in t h e  reg ion of

• acceptanc e foi- both fo res t  and ag i- icuhtu r c ’ . ) 1-’vr  t he i~ tda r c ase ,

the W.J t c r 541i l ip lc ’ iii cot -red ly  i d e  t i t i  lied .1:; \v al  or  ((‘ 0) and ( l ie

agr icuitu  i- c co ;-rd-cti y ide ;c t i l ic - d as . tg  r id ;;i t l ;r L - . ‘l’hu i ~ point ; ;  ou t
Once a i - S - i  i l l  t ih it  op t i C S 1  h ) 1 ’\ \ c r p o c t n i c i i  ~.na l y 515 c S  Sc I l it l i l i ly  p i-OV l i l t ’S

a nica ta r t ’  of Ic x l i i  I e .  \\ 11011 th e  ot i s  ot- Ix i~ 
- is su ch that  t i l t s  t ; thj ; uj ou S

texticr c ’ ( 111Cc r et i ee; ;  C O r r C ; J t o I l ( I  to di f fe  r o u t Ic ’ r rain type ;;  .c s  is t h c ~~ 
p

Cas e he ix-  fo r  r.’ LIS 1, th0 CO l~ ri -c t  ( I O C t 5  it , ; ;  will r csul  t. Out  t i m e ‘thor
h and , ~v htcci  ItO appa c-cu t I extu I- c di f fc  rc -nce C a d  lie ,; .-~;-~~~ ia ted \~ ti lt
di ffer t -j it  to r ra i ii  tv t i c s , Si; is t h e  C i  Sc lie rc - for I- lit ’ panc i t  r ouna t  Ic
liii1tce cv , an mco t i-cct or abstent ion a c t  i o u  ~v il1 tx- sui t .

__________ I i  \ ‘ l .’\ a t i t l  :~~L iL~iJi2~1 1 c s u i f i f o \V .t 1 - ~ j~ 0 \ V f l e n
~j~~~~ U i S 5 I f l t U .’t i ~~~ t ; l e 5 i i u 1 ’ I & ;  a r c  a ~~~~ t r o t i N a d a  r . t n d
Pan c } ;ro ;i i aj - ~c 1 , 1 1 .  - e u-v

This ex a u t t p lo O~— iIiitiIncs what  max  at f i rst  appear to be a

straia~c result  iii the cia ssification of w~ tc~ r (60) for  .~~, -1 and ‘[ ape i-ture;;. l-’or the r a d a r  :;c n ;;or , h u t ’ rc -suit  i; f o r  .~~, -I and 6 miii
aj )e i-t-ur es  al- c’ r c - s }l c ’Cti \ ei y ] l 1  of 1 9, 1~ of 19 acid 1’) of 19 cor i -eehiv[ classified. On th ;c other hand , for  p anch i  rc ’;n.t t:i c i c ; i ;mgo  i-v U-ic
corr t ’sht ond inu ~ i-esults ar c  .~ .~ of .~ 6, 0 c)f C’ 4111 ( 1 1’ of .~ 6 cur re cti\ -
classif ied . l-’ic~t1rc’ 6 — I  a S i d d l u t  ;; th a- r ada r  sanip .l c -s t lc . ;t will be
COXiS i( l ISre(l , u-bite l-’igur c ’ 6 — I - I  shiou -s the pai ic l ;romiia t ic  sat iup let;
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5. -

I
I 

S

6. 7. 1 2 mm Apt ’ r I ta rc ’ Resu lt s

Basically ut-  obscrvc- that  in the 2 mm case , all of the i- .tda r

I samples arc’ solidly within tha- water  sin! no shorelin e is pr o sent. On
the ol he r  hand , a few of I-h to panel; u-outs tic samples Inc hide a po rtion

of th e lower  si tu cc and arc cia:; sh ied . 5  1- crest or aix’  as signed act

abstent ion ~t~~t i o n. Titu s , i tt  th e 2 mm caSt ’1 both rails r and pan will

I correctiv cia t ; S i C y all s,iiiip lt ’s which ; a cc ’ completel y within (l ie uv . ct o  r

area.

I

( . 7 .  -
, 4 nun  .“c i t , -r t -u r u, ’ l~ , -suu l ts

L 
For the -

~ f l U i l  ape i-t~ c ie , t i le  I .~ of 1 9 c-ada r : a iiip les

I c o r r e c t ly elassifi~ d all contain a st i-ung spe~~ula r ref lect ion f ro t i ;  t ht ~
up])e r situ reline. “he othe r ;at]iil)lc ’S t u o t  cou i t a  i t;ing t i ; t ’ sp octi la i-

S — ret-u rn a i~c ’ all clas sh ied as agr icu l tu re .  ‘l’hus , in effect  t h e  s y st em

has tr a mc’cl itself to roe c) u~1ij a c h i ciii n y c  r ~v a I t ’ r on ti-ic ’ basis of thic ’
5~~CC uLl.t  r rctu r ut Li-ui- i ; t h e  :;Ilo i-eli t te . (I - ’I;~ic rt- 0 — 1 5 i cows  t I ;o w oci~ e

clue C onipa rison. )

Oil th t ~ Otlic ’ 1 hand , all panchiroui  iat :ic ii ample :; .c r~’ incur rt- C ti\-

ic1e~ t~fj od bocau~ e so lute :;hoi ’olino is present in 1111 SSilip ]t ’s - l h c
shoreline ice s r the river basicall y contains ti .cics au th ~ pp c ’.c i-s as for e st.
As one fl;oVc’S fu r t he r  inland f ront  the sh ot-d ine, ti;c shorelin e t r ot ’s
thin out and a nto re agr icultural  t f le  t er ra in  is pro sent. This ii; fac t

t corresponds to the ticcisions obta ined. T]tosc samp les with relatively
little sitorcliice arc classified at ; fores t , wh ile those that contain tnore
shoreline .i re typically assi gned the abstention a~~~ oi; correspo nd ii;g
to a mixture of forest  and agriculture.

1-1 2
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6. 7. 3 6 nun A pt ’ rt-u rc ’ Ri ’ suits

For the 6 tnt -ic ape rtu re , all sa mp les h a d  at least  one

shorelin e in view. Titus , a specular shor eline return wa s pr esent

in all 19 of the radar  samples and all \t-ere correct ly classified.

On the other hand , univ 6 of t h e  2 1, ’ ~~~ sa c  n I)lo ;; \VtL’ rt ’ CO I~ cc Ct iv

identified. 1o  r the Inc st part , th e  so we i-c ii a misi c~tt ii; l ic e c i c idd le

of the river cuntainic ;g ins inlv ~v~ te r with relat ively sucia l l  .cicioui ;t s

of shoreline. \V lie re bolit sh;ore licics we no pi-esei;t  a docis ioct  \\ a s

fort - st , and Wh it ’ i’c’ onl y a sui;gle situ reline was  pros  out bo il ; fit  1~c~ st

decisions and abstention act ions  cc stclt ~-d . 1-ct this  C - i : ;  e m ice aga in ,

the 1-5(15 i- :;pc’c ucla r ro tu i-x ; was ic-cip licitly rt -co gu ; i:- t-d it ; t ho t i-a in ing

alc~o ritiun as an indic~ to r of si tu rolic ie i n ip ly i d l i ~ S clvi’ r sa l1t})le. (~

the other ha iid , ti;1’ lack of a ii pocnla i rot ’s i-n and the inch; 51cm ctf

forest  and lot- a i-icultu i-c to i- u -al it  in the pa cichi i-onus tic sa c ;c~ui e cans

a co x-rect, l d t C d  cr c’ ct or abs tent ion  d OC 1 S lOll to lie ni ,t d~’ de pcui c l iu ;g ot t

t h e  aivt t)unt and position i-if each t o i-rain t ypo .

I
I
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7. 0 C O N ClU S I O N S  AND SUGGESTED FURTh ER STUDY

7. 1 Conc lus ions

7. L 1 (~~erall Pc ’rforn ;anco fo r  D i f f e r en t  Sensor  Types Di f fe r

The major conclusion drawn f rom this study is that while

optical power spectrum analysis can be applied to im agery d -r i v cd  fi-om

pa nchron iat ic visual sensors, synthetic aper ture  radar sensors and( scanning thermal  imagers , ti -ce detection capability in general  and for

specific t e r r a i n  typos is infl’senced by the sensor .  This is pr imar il y due

to the fact that optical power spectru m signatures  arc strongly influenced

by im age texture so that the variation of terrain texture as a function of

sensor strongly influences automatic detection capability.

It is not surprising that the diffcrc-nt sensou-s will produce

imagery with di f fe rent texture character is t ics .  The radar sensor uses

a wavelength considi-r ably longer than either the thermal or the panchromatic

imager. Furtho rrnorc, the rad ar “illunuination ” is cohe rent. Therefore,

speclde and specular reflection characteristics appear in the reconstructed

imagery for thi s sensor type. it ; fact , a s noted in Section 6, the computed

chi square value indicates that radar differs to a greater extent from either

panchromnatic or thermal imagery titan panchromatic differs from thermal 
S

imagery.

7. 1. 2 Certain S,-nsors are flettcr for Specific Terra in  Types

S While the results do differ  by sensor type, no single sensor is

uniformly bett er than the other. In particular , urban area detection

pcrforn ian cc is bette r using pa nchron iatic samp les titan using rada r or
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thermal samples. A detailed compa rison of panci tromati c and radar  images

indicates that th is is because the urban line structu re tcxtu i-e in panch it -omatic

imagery presents a strong signature in the corresponding dif f rac t ion

- patterns. On the other hand , radar  image rv causes a unique si gnature  in the

• optical power spectrum whenever  a specular ret-u i-n occurs f ront  a man—made

• object acting as a comnercube reflector. In some u rb an a reas , t h e  specula r

— return does not occur m’Vefl when a strong line structure texture is pr esen t
— 

- in the panchromati c iunzi  i ’ e i-y.

On the othe r hand , optical 1 0\V C~~ spectrum samples front r a d a r

• imager y gener all y provide i)ett c r results than corresponding samples fi-oni

panchroniatic imagery  for  (Ictectiofl of agricultu i- c and forest .  This appears

to be due to the fact  that t h e  textu ral differences associated with these

c lasses  are inure di stinct in t h e  radar  image ry than in the panciuromat ic .

Finally, it would appear by examining Table 7 — 1  that the best

situation would be to use panchron-iat-ic imagery  to detect urban  a rea s  and 
—

water , r ada r to detect agricul tu re , a nd th e rm al to detect forest .  One

would not do very i-much worse utilii~iitg rada r to dct c -ct water  and foro~-t

as well. In fact , were  a sing le sensor to be chosen, the choice woul d

most likcly be radar.

I. F

E S

I —
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__________________________________________________________I Table 7— 1.  Sc- nsor Pe rcent Cor rec t  Pe t - f o rn ia t i co  C o i u u i ’ ,t 1-isoc ;

7- ______ ______ __________ ______ _______ ________

• AV O I-age
U i-bat ; W a t m -r  Ai~ricu 1tu re i-,oI- m -st  Cor r ec t

- (10) ( t O )  
— 

(50) J~ 0) Ab~ t~tj : ;  Fe r c en t

Z m m  Pan 100. 1) Sit . -14 i l . 79 7 4 2  2 5 . 7  80. 0

2 unit  R a d ar  7o . ° 8 f .  ~~‘) 83 .  94 . 3 9. 2 85. ~

- 

10 imu  ‘l’l i er u i t a l  L ~~~ • I i  5L 60 100. 0 1 ~) . 75 7~~. 2
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7. 1. 3 Ape rturc- Sj :~e El -

The effect of aperture sn- c on the samp led imagery  is not unifor m

for panchrounat i c  and r a d ar  imagery .  No s tat is t ical ly s ignif icant  effect was 
- 

-

obsex-vc -d foi- (hit ~ereflt S i a m - aper tures  insofa r as their influence on detection

pcrfornmancm - fu r  the radar  imagery.  Ou ;e shoul d of course t ake into account

the dis cussion i f  th ;c river water  ri- c mn ~1li iioii  in Section 6 t h at  ustensibl \-

• does not chian ~~- as a function of a~~e u -h ;rL - si :-c .  Th is of course is tru e

insofa r as the st tt i~ t ic~ arm - caticerned , but the closer analys i s  in Section 0

shows that the n u e c h a  ni sm ca u s in i ~ th e decis  iOnS does in fact  c in t  1tt ~e.

For p~auciii-omatic inia;~crv , the ciccis ion i-esult s  ar e  S t St i s t i c a l l \ ’

diffe rent as t h e  •~pe rtu i-e siao  is changed .  l lowovc r , the re ap pea r s  to 1)0

no specific t r end  relating a per t u r e  s L a  to lcvt l ) i-oVo(1 (hi ’ClSion pe rfo rn i an cc - . - 
S

Li fact , t h e  chil e ~ flees appea i- to be diii’ ~~~~~~ nil y to the n c r  \Vate r /
shoreline effect  d i sc u s s  cc! in S L’C tion ~ ‘ a tid the fo r~- s t/ a g  ricui hi i-~ d ec ision

partition. Ii; e f f e c t  t h en , chia t i i ~1iii ’. the ap er tu re  s i c  af fec ts  decis ion

per fo rm ance b ecause  of cha~i~ cs in the nu m ber of t e r ra in  t~-pos present  - 

S

in an aper ture .  Th is is really a manifestat ion of the problem of

unambigu ously dof in inr  t e r r a in  boundzt i-ies that run throu m ’h individual - 
I

optical powe r spectrum samp le ape rtures .

7. 1. 4 Conclusion Gm-me ra lity

- I Finally, we should Point out that the results obtained luc re ,
although; involving a substantial number of samples for certain classes , mustI - still be considered tentative and prelimina ry. Even assuming that our

results for the pan chr omatic and radar imagery arc statistically valid, the
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sami ;p lcs included in th i s  s tud ~- ax- c f r on t  a ye x-y smn: t l l  r - ~ ion a round

I I I tu i t svil im - , — \ l ab am ; ia .  With ou t Co n s  ide  r ing  a b i-~~t~~~~ : m - 1- r a :1I ~ e 01 cog r a ic- a l

loca t ions, one could not  as  s u m n i - t at  (L o se  me sui ts  \-nti a1~ old in  a r c :ie i-al

I sett ing.  Al a ~ , since  th~- ro g ioc ; m V c  r ~v hi ich i  t~ it I ho r ina 1 i r n a c  my was

acquired was ~-o~ ra 1t H ca l l  v rL -l ~ l e t e fr om  I 1 m a t  a v i l l  c are a , our

I c u m 11t ~~ri s~~a~ of t i e  r m a a l  r e su l t s  t o  r e su l t s  f o r  p~i i ~c1 r o i i n ~t i c  an d  r ada r

I iliVOlVi’ t.J~e a a~ ;U :~~)~~1I R n  that  a I t h I a Ii the t o  r ~- j n  \\-as not j d m -n tj c a l  the

t i - i -r a i n c i i  r - ct c i -~~s tics  \ \ C r e  a j i i d l si .  H

7. 2 :\rm -as  0 r i : r t ’n

[ In a cc r i - i  v i  s e n s e  th i i  t aL l y  ha s  r - . is cu 1 0 r i- ~ae si ions  th an

it has  ansv :m - i- cd . m u , I i i i a  i~~ t: ~~rp~t a e  i f a n  in i t i a l  I l m i v.

7 2 .  I 1 \ l n c i ~u k i ~ S i! ~ a er a l ’  & ! 1:~~ n - m - m - ~~~~ t

- 

An obviou s a 1- c-a f or  a h h t i o i i u i  w o r k  is to hi -o -n ien  the r~a o  of

the data l’a i c  to include t u e  me  sa n up i ~‘ s mm - f loe  IJ:ig mo i-c go Ui’ i-al tei  r a in
S types and tes t  the ri-suits obtained in th i s  studi - in a mer e  gene  m l  a ott i ng .

7. 2. To r u -n i -a I -‘o ’oiuln rv h\- t~o r m n i n a  tioui

In tia’ context of ti-m e dec ision  rul e , we have i-a ised , but not

signi ficantl y cox-iside i-ed , t h e  que s t ion  of how to tx- c-at  bou ~iida 1-V do te r i iün at io n .

Th is is clear ly a key quest ion f in- am ;y auton ;ati c t e p og  I~0I’ i1iC cia s si f ica t ion

system. On r re stilts with samp les not includc’d in the tr~t inini~ c lass  bc’cause

th ey WI - x-c ’ on a boundary being as si gu i c ’ d I ho abs teni  101; a chum; indicates th;at

it may in fact be poSSibl o to auton ;at icall y idc’ntif y a roas  t i  I t  include a
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S 

boundary bet~ ’ccn t v o  terrain types. Obviously additional process ing

I techniques, perh aps some combination of digital i n a ~~e process ing and

optical power spectrum analysis, will be required in o rder  to correctly

I identif y boundaries .

I 
The ability to identify boundaries is important for another

- reason as well. Individual aper ture  sample decisions are ba sed on local

E 
texture. We have seen examples n which local texture is not sufficient

to unambiguously identif y t er r a i n  type. On the other hand knowledge of

~ boundaries provides a contextual fnamcv .-ork within which a more

~intel1igent ’ decision can be made about a particular sample. For example,

II it is unlikely that a 200 foot square lake will exist in the middle of a plowed

agricultural field.

it
-
~ 7. 2. 3 Decision Rule Ininrovemcnt

Finally, in the course of th is study y e  have developed a decision

rule and an approach to the development of similar decision rules that
- appears useful for multiclass problems with numerous classes and

relatively few samples from each class. The rule is basically a threshold
- - decision rule, similar to the one utilized in M1STIC . Howeve r , the

threshold is not based on a comparison of the posterio r probability est imate
- to a threshold. It would be worthwhile to consider how the rule structure

developed du ring the course of this study can be extended so that it is based

on the posterior probability. If this can be done , we can directly evaluate

I how close the decision rule performance is to the flayes Rule by examining

the pe rcentage of ambiguous decisions W .
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I -

I . 

--

Class 10 - Urban

I
Ape rture /Type /Ini a~~ery % Correct % Error % Abstain

1mm 1-lardclippcd Pan 93. 5 6. 4 0

1. 2mm Gaussian Pan 100.0 0.0 0 -

4mm Gaussian Pan 96. 7 3. 2 0

6mm Gaussian Pan 100.0 0.0 0

2mmGaussian Radar 76.9 15.5 3 7 .6

4mm Gaussian Radar 84. 6 15. 3 0

6mm Gaussian Radar 
- 

88.4 1L 5  0

2 4 6

Pan 
— 

100 96.7  100 F
coi 

0 .79

Radar 76. 9 
- 

84. 6 88.4 - F~~~~~~l7 .28
% Correct

‘
S 2 4 6

PHIL 0 .0  = 3 . 2  0 . 0  Fcoi = 2 .94

• Radar 
— 

15. 3 15. 3 11.5 F 12O. 86

% Error
- 2 4 6
- 

Pan 0 0 0 F
— - _ _ _ _ _ _ _ _ _j_ _ _ _ _ _ _  col

Radar 7 . 6  0 0 F =
_________________ __________________ _______________ row S

- 

- 

~‘o Absta in

- 

- “
~~
‘
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Class 50 - W a ter

1
Api- rt ic ri- /Tvpe / J m n a e ~~~y ~~~Correct % E r r o r  ~ Abst a in

in-in-i h I ai-dclippc-d Pan 45. 4 54. 5 0. 0

2mm Gauss ian  Pan 81. $ 18.  1 0. 0

4mm Gaussian  Pan 100. 0 0. 0 0. 0

6mm G nu s  sian Pan 1 00. 0 0. 0 0. 0

2mm Gaussian  R a d a r  55. 5 h1. 2 22. ~ S

4nim (iat lssiiuu Radar  66. 6 33 . 3 0. 0

6mm Gauss ian  R a d a r  6G. 6 33.  3 0. 0

2 4 6

Pan B L S  
- 

100. 0 100. 0 F
1 

l 7 . 0 ~

Radar 55. 11 1> . 
~ 

~~ F = 1 7 1 . 9 6
S ___________ row

~ o Correct

2 4 6
Pan 1s 0 . 0  0 . 0  F 1 = .06

Radar ~ - T S~~
3 

-
~ F = 5. ~6

____________ _________ - j  - - row
~, Error

2 4 6

Pa-n 0 
— 

0 0 F 1 =

Radar 2.1 . 2 o 0 F =
____________ _______________ ___________ row

‘Yo Abstain

1 55
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I 

- 

-

I 
Cl a s s  60 - - u i t ~~i~ 

S

I A pe rt-u re fTvp & - / 1n~~~~~ y ~~~~ or~-ect ~~ F rror

1mm Il ardc li ppcd Pan 7. 6 9.1. 3 0

2mm Gaussian Pan 88.4 7. 6 3.8

[ 
4mm Gauss ian  l’an 0. 0 - 12. 3 57. 6

6mm Gaus si an  Pan 23 .0  57 .6  19. 2

7 2mm Gaussian  Radar  100 . 0 0. 0 0. 0

4mm Gau ss ian Ra d a r  63 . 1 36. 0. 0 ‘ S

(5  6mm Gaussian R a d a r  100. ( 5 ( . 0 0.0

I
. 

_____________ ____________ ____________

Pan 
~~~~ 

F_
~~_( h O  -~~~~~° 

F
eoi ~ 3

too  i i  
____ ~00 () 

~
‘
ro~~ 

-

‘ o Correct

L T__
7.6 42~~ 57 .(  F

1
R ada r 1 0 . 0  ~j  F = L 9

- I ___________________ _______ __________ ___________ ~O\V

~ E n - or

2 4 6

I Pan 1 3.8  5 7 6  19 . 2  F 1 . 0
* 1

Radar  I 0. 0 0. 0 0. 0 F
____________ _______________________ ________________ row

I % A l t - ala

1 156
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S

- -, C lass  2() At ’ ri cuht i c me ( I  h iwe d)

~~Lerturm /T\j e’/ i cn a r c l -v  % Cor i-ect  ~ i-~rr oi- ~~ A h st a i n

1mm Ilarddlipped Pan 73. -I 0. o 16. 5

2mm Gaussian Pan 57. 8 0. 0 -1 .1 . 1

I 4nnn G a u s s i a n  Pan 75. 9 0. 0 .1-1 . 0

6mm Gnus sian Pan 77. 1 0. 0 22 - 8

2mm Gaussian R a d a r  S 0. 0 1 (~. (
5~

e
4mm Gaus~-i -ui R a dar  87. 5 0. 0 1 .1 - 5

6mm Gaussian  R a d a r  
- 

90 2 0. 0 9. 7

2 4 6

Pan 57.8  75 t ) 
~~~~ ~ ~~co1

Radar 8 3 . 3  ~~~ 
1-’ - 1-1 . -I

—___________ row

I ~io C -’nl- l-ct

- 2 4 6

I ~~~~~~~~~ [ 0 0 0 F 0. 0 1’col =

Radar 1 o. o o. o 0. (1 F ro~ .
- --~~~-~--- -

~ o Error

Pan 
_ _ _ _ _ _  _ _ __ _ _ _  

I F~~~
Radar ] ~~. ( i •‘ - 9 F 14 .  2

_____________ _____ _____ ____________ 
row

~~ A - l i s t a i cm

1
I 

-

157
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A ]k- r tu  ye /Tv pc / l n la p er v  °~ Con ri -et  “~-~~-~i-r ov ~~ Absi  am

1n-ui~ I In rdclippi ’d I htn 64. 5 0. 0 3 ~. -1

2mm Gauss ian  ran  68.7  0 . 0  3 1 . 2

4mm G a us s i a n  P.m ~~m 0. Cc .10. ~
-

6mm t~ au s sian I an 7 ~~. 1 0. 0 .1 (1 . 8

2mm G~~u s s i a m c  R a d ar  8-h ~ 0. (1 15 .  0

4mm Ga u s s ia n  R a d a r  94 . -~ 0. 0

6mm G a u ss i a n  ih ida  r 9-1 - 3 0. 0 5. ~

2. 4

P~u 7& h I 1 ~
‘
co11_ ~

_
~_IL~i~I1iii 1 17 1  ~

~~ L~v i - r -  e

2 4 (-I

Cc - 0 0. 0 I • “ eel

- 

Radar  [ 0 . 0 row
~ E r r e c-

Pan 
-— - 

~~~~~~~~~ ~~~~~~~~~~~ F 1 
;~ u -  

-

Radar i~o j r ~o 1 ~~~j  F
ro~v 1~~~ ~

~~~

S 
158
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Class 40 - Forest

Aixirtijre fTvpe /lrnasery % Correct ~ Error ~ o Abstain

1mm llardclippcd Pan 90. 1 0. 0 9 8

2mm Gaussian Pan 74. 2 0. 0 25. 7

4mm Gaussi a n Pan 64. 8 0 . 0  35. 1

6mmGaus sian Pan 86.4  0 . 0  13. 5

2irun Gaussian Radar  94. 3 0. 0 5. 6 - 
-

4mm Gaussian Radar 97. 1 0 0 Z 8

6mmGaussian Radar 95.7 0.0 4.2

Pan 74.2 73.5 
- 

s: ~ 
F

1 
9. 58

Radar L 94. 3 97. 1 95.7 F
row 

2 2 . 4

‘~-o Correct

2 4 6
Pan 

— 

0. (1 0. 0 
—

~~~~~~~~ 0 . 0  F 1 =

Radar 0. 0 
- 

— 

0. 0 0. 0 Frow =

i/~ Error

2 4 6

Fan 25.7 2 L 5  
- 

13 . 5  
~
‘
co1

Radar 5 6  2 8  4. :~ F = 22 .4
____________ S ________— row

% Absta in

- 
S
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J la rdc li p 1nu-i~ versus 4mm Gauss ian  Pan

10 50 60 80 40 90

279
1mm ?9 5 2 98 .1 19 o0 4 13

4mm 30 11 0 102 179 91 -113
270

L
1 29. 5 . 0 1
2 8.0 1. 13
3 L O  1.00
4 1 00. 0 .04
5 199. 0 2 .01  L
6 75.5 3 .] S

(J~~ significance level) 15 . 1 14 . 73 12. S
(I. 5~~m si gni f icance  levi-i)

If 40 and 9(1 combined

10 50 60 80 - 10 — 9 0

1mm 29 5 2 98 279

4mm 30 11 0 102 270

1 29. 5 . 0 1
2 8 .0  1 . 1 3
3 1 . 0  1 .00
4 100. 0 .04
5 27-1. 5 . 07

(5~o significance level) 9. 49 -1 . 50 0. 71]
(50~o i~ c~ifica ace level)

16 1
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S

I 
- - 

-

I 
_______ ______________________________________________
flardclip 1mm versus 6mm Gauss ian i an

- I  10 50 60 80 40 90

1mm 29 5 2 98 219 60

S 
6mm 31 11 6 102 200 63

U

~1 5 209. 5 .43

6 6 1. 5  .04

(95% significance level) 11.1 > 5.33 ~~
- 1 . 1 5  (50 % significance level)

~

it
I

162 
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I
2mm versu s 4mm Gaussian

10 50 60 80 40 90

2mm 31 9 23 83 161 106
(20 from 50)

4mm 30 11 0 102 179 91
(1 from 60) (10 from 60) ( 15 from 6 0 )

1 30 .5  . 008
2 10 . 1
3 11 .5  11 . 5
4 92 . 5  .97 6
5 170. 0 .476 - -

6 98.5 .571

27. 26 > 15. 1 (1 % significan ce level)

Redistribute class 60 for 4mm

10 50 60 80 
- 

40 90
Zmm 31 9 23 83 161 106
4mm 30 11 26 101 169 76
(Redistribute 60)

1

1 30.5  . 008
2 10 . 1
3 24. 5 . 09
4 - 

92 .88
5 165 . 1 0

- 6 91 2 .47

(5% significance level) 11. 1 - 7 . 3 - - i . 15
(50% significance level)

-- 163
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2 c i i c f l  Vt ’ r si 1- i m ( ~~ii i ~ 51511

1 1 0 50 c~’0 80 40 90

2ntrn 31 9 .13 83 161 106

6mm 31 11 6 102 200 (3
15((0) 5(60)

1 31 0
.1 10 . 1
3 14 . 5  4_ eS
4 92 .5  .98
5 180. 5 2 . 1 0  r6 S-1 5 5.47

2 7. 2-1 15. 1 ( ]~ si~~nj f ic a n c e  level)

im ~~~~~~~ imm lh-C f -- . i~~~ - (- 0

10 50 ~ 5 80 -10 ~10

31 9 23 83 16 1 10 6

6ni rn 
- 

31 11 .16 102 1 S 5 58
(l\cu~str1butc t~O) -doLn~ bctte i-

on
agriculture
and [o r— s t

1

1~
5 173 .83
6 82 7 . 02

18. 0-I 15. 1 ( 1% si gnifica nce level)

16-1

- - S 
- ~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~
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6mm 31 11 6 102 200 63

1

1 30 . 5 . 008
2 11 0
3 3 3 . 0
4 102 0
5 189. 5 .58
6 77 2 .55

( 1% significance level) 15. 1 12 . .1 1] .  1
(5~~, signi~ica~~ct - level)

4m-~ versus  6’~~-- R~-d 551 ~~ I ist c ~ (1 for  1 c-I ~i

10 50 60 SO 40 90

4nmi 30 11 26 101 169 76
(Redistribute 60)

6mm 31 11 2 6 102 185 58
(Redistribute (.0)

I

1 30.5 .008
2 11 0
3 26 0
4 10 1 . 5  . 005
5 177 .3 6 1
6 67 1. 2

(5~ significance level) 1 1 .  1 -‘ 3. 16 1 . 15
(5o ; ~ significance level)
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