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I NVE ST IG ATION 01” 1)I SC 1U~J ’E FUNCTION TECHNOLOGY
I’OR i’OI ’O(~R A P I I I C  SCI ENC E S

INTROI)UCTION U ‘I’Iie purpose of this Work Unit was to determine the
feasibility and potential merits of discrete function technology for iipl)Iicatiorls iii

Object ives t he topographic sciences , emp hasiting the extraction tif carto-
gra phic f~ ature s from images. .Specilic objectives of this study
were to

I . Rest’areli the use nI various orthogonal sets of functions for
decomposing topograpli ic images in spectral components .
2. I)etern iine whether suic li decompositions or transl ’orms are
use ful lor the extract ion of ’ cartograp hic and terrain features.
3. ( Otupare the use of ’ Eon ncr , Block , Walsh , and I Iaar trans-
forms of images for mach Inc feature ext ract  ion,
4 Research the potential of devices that may faci l i tate direct
discrete trans lorins using elect rn—optical technology .
5. Research o tI ter applications of d isc rete funct ions hi the
to~)ogra pIi;c sciences .

I iiiage anal y sis Ii r flit ’ J)~I rpose of cnhancenien t , resto rat n~n , coding, and data and
I ,-; iiu re ext ract  ion eiiiergc d as a new f ield of ’ researc h based primarily on the newly

Back grou iid developt’ I tech nologies for television ( ‘ IV )  and digital com—
111 1 hers ,

lit IV , t h e  i m age of t h e  IV  caiiiera is scanned and converted into a t u n e —
dependent electrical signal. ‘ t h is  signal is t ran s mit ted tltrougli communication
c h annels to the receiver aiid restored to the image ‘Jo determine optimum channel
lginl lwj ( IhIi , fi lter per lurmnance , and pus~ hIe bandwidth compression , t he signal
wou ld he tra its iori ned from flit’ t ime domain into the frequency domain. I t ) r
t he must part , t luus transll l rtnati ui i is ac,-I)11i1)lished in commn unciat i i in is by the
app lication of ’ t he l’uurier trai ish riii and is also called t Ime decomposition of the
s ignal in ifs spectral t- I) iimponents . If the spectr a l components l ) f  a signal are known ,
suit able fi lters may hi’ (lesipilcIl thaI rejec t most other signals and noise and pass
only the signal f ur which flit ’ f i l ter  is designed. ‘ I’ luus , lii fer s may he used for sip-
t ia l processing aiid extract ion.  A 1 V signal consists of a carrier , vj ( Ieo niodulation
rcprcs .ni h itip the iniagt’ contet i I, sound modulation , and syncltroniiation signals,
‘ Ike va ri nus coinpulien ts of flit’ I V signal a ic separat ed , ext  racte il, and l)rocessed
l)y fi lters having special ~itirpost’ spect ra t response c liarac l e rist ic’ s , ( ertain pro-
cess ing lunct ions of’ a T V set , n ame ly brightness . e ontr imst , line , t in t , m a y  he
a(l~uslec I by t h e  vie wer ho his sa t i s fa c t ion .  ‘the se I)rl)l’l’ssi i)]’ f ’uii.- t ions are also used
in image amia l ys is ,

l’rom tl igi t 1ih c’o i i iptmt er tec litlt)logy e m erge d the simulation ut signal processing
capabi lit ies and syst cmi is , 1 hut ’ large sto rage capaci ty of digita l .‘Ilinputers anti t h e

4
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ht ’ i ’ u t t m h m t s  of ’ tl u~’ u t i , m i m p  l I l a c s ’s iii a way t hat th i.’y c a l m  he stom e d and h I l t
ui .1 C i u u u i pi i tei’  led to t ime  t ec ’ lu t i i q uu e s ol ’ , 1 I! ’ u l a l  niI ,ui i pi’u.’ c s s I u l t ’  an d s u s u ah l i t  f e r n
i i i i  n ’ t u u t u o i t  -

I~ese a m’ t’ hi ssas .‘ to is l u is ’ te d 1 1 1 1  t lt.’ hisc rete f ’iuii,’t i i , mt t e c h t l u l ) h l l t ’ v  a - ~ ui ’ .eil iii t h u . ’ Ill a l s
su s ugh t e i l u t i e  e x h m a , ’ I m t u i  o f t upllg m’ a phume mul;ipes , in ieh) i’ es . ’ l i t u u u, ’ Iht . ’ e , u i l h t ’s c u , u s u t v

f ie ld , iiu & l i i i  i’t’ nm u l ) te  55115111! ’ If lphi i .  it (i lls ( If & l i s ,m , ~ u ’ s l ~ I l l -

St’upi.’ 111(1 A pproas’ Ii I l t .u i ’ni.’ t It ’ SV ise h tm’n i is , I lie I l ie u m v  - p5 11c m t I Ulm i , ,u nt f  I n  I I~~I1 ’ t  l i t ’s
o f p o t e i t u ; l I y  u uss ’ I u m l  &lu s , m e l t ’ t u u l l s _ t u I I n s  Ill ’ l_ s,IIla u nuet l  11 5 .5—
lIii I)ll ’s h u t  St ) t l lm ,’a l m u l i i s  h i )  t ( lh ) l l lh i Il I luit ’ s.’ iemi. ’ es I i i ’ i u u ~ t ’~ iI-

~a I,i l a u is h  ,ilst , lcnmio i ms l u  t h i s l  t y ss ’l,,’t ,s l s ’ \ ; I t m i h u l , ’s , I t u a&h ih i t m uu i , v a r u l l u u s  h t i i u l w ; i m e
.u l1lliO;t. ’h Is ~

, f l u  u i u u p l e i l i e n t i l m l i t  i t  h u ’ ,e t ’e t u ,’ f ’uuu . ’h i i i n t s ’,’l ui uhi i ~’s - u s ’ ,‘ m i h u . a Ilv
t,’ \ u I i I i m i u _ ’ tl , umis l  sou l,’ eiui lc ’e phs III m u i t c l u u u t , ’ f u . u l t i i ’ e e ’ . t m ’ l e t l l ) i u  f i t u m i  t l) l ) I) L’i’ Ih ih) l l , ’
I m l u ; ul’e’, Ii 5 ’ piI,’sI, m u  t ,’tl -

THEORY ANI )  PROPERTIES • A rule of ’ correspon dence that assoc ia tes  a
OF DISCR E TE ’. FUNCTIONS real or co m plex num ber , y = I’ (x 1, x- , , , , . .

w it h each given set of real or ’ coiim p lexBasic (‘once pis -m it mm i i ht’rs X I X 2 is called a I umic tmomi
of ’ x I x ) , , , , . ,  X n. (‘lie h’unct ion can l)c’ expressed analyticall y or l)y an n— d ii i ien—
sioiia l table . [‘he argtmnien Is niay asstm nie all real and complex ii tint hers betweemi

and -‘-00 amid/or portions thereo f. Many of t h e  lu mictions co i iimnom il y t reated in
app lied liia t l i emmiat ics are .‘or it i u it mot ms and have finite derivatives,

I’he y— va lue s of ’ discre he f tm nc (ion are f ’ret lue mt t ly real and vary omily in d iscIt’ Ie
steps , Maity d iscrete f t mm i c Lions of interest as s u i me only t h e  values

—l , 0, +1 or just 0 and I

If time discrete function assu m es only two values , such as 0 amid I or — I and + I
t he function us also called a binary function. Most discrete functions have in-

teger va lues and rarely excee d 1 000. I) iscrete functions are not mieces sari ly con-
t mnuous and 1)11551’ 55 no derivatives in the normal se m is e .

I) iscrete I’timic Lion’; used in computers and com munication equipmemit include
t he on tput of ’ ana log—to—digital converters , digita l vo ltme te r s , digital clocks ,
ma x im nu umi lengt h code generators , ami d te hetype niacliines. Fit is report deals w it h
discrete functions as they pertai mi to the little , t h e  spatial coordinates x and y
oF a plane , or t he t im ree—dimensiom ia l space coordinates.

Sm gm ia ls fur TV have two space variables and one ti m e variable. ‘I lie space variables
are derived from the mmnagt’ of ’ the TV camera by a scanner in t h e  case oF digital
Block Pulse TV. [lie sea m er operation may be described by a tw o—d imn e n—
F unct ion sional i)lock ptilse (unction.
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iit llc k Pulse i ’ Ufl Ct i I I f l S K 7 J
bio( k 1 x) liii K () , K =

K (1 , 1 ,2,3 —

and
K = (1,1 ,2,3,4,5,6 ,7

I’Iie block pu ke lumict io t i  1)11)1 k ,x is
def ined in (lie interval ~ /2 1’ x i ,- It
h a s  t h e  values 0 and + 1, ‘ I lie pulse s hi i f ts
fromm i l i f t  to righ t within the i n t c t s - il ,

I - — 
I lie para iiicter K = 0. I , 2. ., . , ,  ii def ines] [_ I LII { ~~~ I t im e ntm imiher of ’ si f t s  iii e uh ual s tep ’, w ith-

H - - 
- - - 

—
~~ 

- - - iii the interval. f igure I shows cxa i i ip les
P P 

~ L~ 
of one— di m ensional block ptilse funct ions ,

t - i i  - - j  

~~~~ 
‘I w u-d iu m ie misiomial block pulse fu nc t i ons

~~~~ 
[“f [ [ ~~ m a y  he writ ten as products h)h0 K s )

I - 

_ 
- .

~~
_ _ hlo(~ , y~~, A u example of ’ two-d inien-

Eli ~ III LEIII [Eli LiE] L~~ 
sional hlock functions is shown in

mm ligure ,,

—‘
~1 

‘“

~~~~~ 
Block pulse funct ions are ort liogom ial ,

a a P U J — - wh ich is ( Ie Imne( l as two functions II i x )  anti
—

~~~~~ 

‘ — 
f ’(j ,x ) with fIne variable x and the pa ra im le—

~ -. • ters i or J in the intervaI _ V ) ( x ( + l/~ if tlie
I !  r~ ii -~ r 1 [ - 

~~~~~~ in tegral + l/~

~ ~L iL~ J ~JL,. L .~ LaJ I~~JL.,..~ f f ’(i ,x )  f ’(j, x) dx
t i  I _ . , i t . . ,~~ 

Li,j . ,,,i ‘ , 1 lj I , , .1 -
‘ / 2

is /,ero for i t ‘ and m u m — / e m l’or I = j ,  ‘t heI .uuu’  2 I i~ I,- i) II uI I’ lOl Iu ruil J ltiilck P i u s -  I 11111 I ‘ i l l S  
‘ - -
funct ions are ii rmahii,ed and called ortho—

u h I u u ( c ,y~ nor mal if ti me i i m t - gral eqtials I fir i = j.
From figure I , t he integral condition for
ort huinomaly is yen f ’ii’d for block ptmlse
functions.

6
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Sets of ort hiogoiial ht inctmo ns lie ’ su ita ble f o r  deco miiposzng a given f t u m i c t i o n m  iii

Is s I)ecf i’ a i c ulu ipl unents of thu . ’ orl luopomia l t ( i l u c t i l ) m i . ‘ l Ime  nm l o s t e’oimuuiio mi ly known
e lse 1) 1 spectra l decomnu pos mt mnm is is th u, I’ou nme ’ m i i u ut~~s ms . w here I)c ’ r iohuc fu inctmoi i s
ire de’cou i iposce h into an inl ’im i i t e  series of smite ’ a mi d cosine f unct ions a m id mio i ipeniodm c

f u m u c t m t i m s ire deco m posed nuto  a I ’ I ) I i l n s i  imiL’gnal t h at represenits t h e  co nt iml uous
spectra l density t is t r i hu ut iu mn t u’ om ui mi i i i tm is to plus int imi i ty ( ‘or resp omis t mm ip hy .  t h e
block pulse spectral  .‘ulilip ou le iut  (II u f u i m u e t m o m i  II s )  exist imi g between — ½ am id 4 ½

i l u ~ h. - .~xpressed Ily

Bin = f f lx )  1)1<) ( m m l ,x) s ix

-½

If all imu iage of the dimemision a x h is being anal yzed by a block pulse function ,
a is scaled to fit im ito t h e  interv al -½ ( x ( ½ and h im lto -½ ( y ( ½. 1 tue two-shj ii ie n-
sionzi l spectral co m ponent B1~111 us expressed l)y

~ mi~~ 
= j i t  x ,y blot m x )  hlo( mi ,y) dx dy

w h ere 3 mi i r i re presents t lie average transparency, or l)rig,iit ness , oh t he iiiiage in t h e
are a e leiuicnt designated l)y time block pulse va lu ue 1)11) 1 m u ,x ) blo(m1 ,y ) ‘the spatial
arran gem iie ’m it and ch ara cter ist ics of the spectral coniponients anti fur t h er sigm ial
proce~~m mig  i u i ay  he’ used to identif y ami d ext rac t  topogra~

)liic terrain features.

Wa lsh I im m ict i o ns arc anot h er exa m ple of a system of orthonormaf functions One—
t li i i i ensmon ah Walsh f ’t mm i ct ionis are expressed l)y wal (k ,x), where k represents the

order , amid x (lie variable Iliese f ’unct iom’i s assume the twoWalsh -
Functions va lues + I and — l only, w hich make’s them com paratively simp le

as (lie block h)ulses and leads to sim ple equipment. ‘I’lie Walsh
functions arc defined in the interval —½ ( x ( + 1/2 and are zero everywhere else,

‘they Ire global l’unct ions , that is, t he functions have’ defined values over time entire
interv a l. l’ lte shape (If the Wals h function is inure’ conip licated thiam i the block pulse’
I tunic lion and resembles somew h at the sine and cu sin ie functions , In somue cases , the
Walsh functions are periodic wit h in the interval; in other cases , t hey are nonperi—
1)111. - l ime functions wal (k ,x ) m a y  be defined i)y (lie dih ’fere nce equation

wal (2K+p, x) = 1-I )IK/2 I+Ptwa l  (K ,2x +Yz) +1-I ) K+P waI (K ,2x -Yz) I

‘l im e expr e’ssm l Iu m K/ 2  J m eans ti me largest integer hiss than or equal to K/2.
K = 1) . I , 2 , 3, , , , ., p = 0, I

I f ’or - ½ ( x ( /2
and wa l ( ( ) ,X ) = - -0 b r  x ( J/ x > ½
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I mu t h e  I ullowim ig t h e  wa lsh I unucti uns wa l ( I  ,x) to wa l (5 ,x ) arc developed U su n u g
(hue generat Ing luri iuuuia

1< = 1) p
wal (I ,1!,) -wit h (1) , 2 x + V.) f w ith (ft 2x
K I p~~~)
with (2, 11,) ‘ w u l  I I,  2x ‘/ ) ‘v ii (I , 2x — 1/ ;

K _ h  P 1
with ( 3 , s) .witl ( 1 , 2x 4~ -4 -w ith u i  - ,~s - ½)
K = 2 p
w’ i i (4 , x )  - ‘- -w it h (2 ,  2x + i,) -with (2 Jx - Y 1 -)

K = 2  p = h
w ;uh ( 5 x )  = w ith (2 , 2x + V) -with (2, 2x .1/. )

l ’ n ’ ij n e  3 shuow s t h e  f i rst  10 W ikir f u t u c t u o n ’ , wit h ( K s;  Al !  ~if tlis ’~s’ I i I I u L f l I ) l i 5  l I is ’ l’ t
th y lIr t h u I ) p l u : u a h j I ’ ~ c u m i u m l u t i u l u ,  I here f l ) re any c o n i t i n i u u o u s  l t u u i  ( lo ut d5 ’ iuied in the
inls ’ n s u h  _ I/_~ / x /2 carl  he ( leeu uuipus. ’d ot t o  s p c c t m ’ af  c o l i u p o n l c i u l s  ‘ dii W ul s b u f l i n i l  I n n

I ‘.su - ! l n n n - u u s i l ) I t ; l l  \~~n k lm f u n u ct ions III ’ wr i t teuu  as pruIiuet’ 1 w ith ( K s ;  (w a h  - I
l I t h e 4 ‘~l III\5 ’1 h u e  I w tu—uiunnue uus u uunua h VS; 1!5 !1  f u n c t n l h n l 1 !, ! r ’ u n nI waf  (f _I ’ s) w i l
ho ss ;u l (7 .s; w i  (7,y). I h u e tw u-dui uu s ’n usu uoi u h sp ectral WiL l 1  cu nuup u n l e l l t  ~~~~
;f f !~t - f u i u u c t u t u u u  I 1 s ,s ; u s

= ,j ’f I ; , ’, .y ; sv ;tl ( m u , x ) sv ;uh I ut ,y ) (IX u l y
- i/

I
l

— - 
i f f ( x . y ~ is aiu u n i l ags - t L u u l e I n I u n n  and —½ ;’ x “V
a r u d ~J/~/ y ~ is scaled hi, u u i a t c l m  t I le iii lien-

I -

‘ ~~~~~~~ s i n u r u s  of ’ ( lie u mnliugc , t fue  sI’~’~ t r a h conlpl) I lcnts
W i u n  ire m i ll I - S I l l  I l l u v e  ‘‘I thue  ent I re 1 1 1 1 1 C c

c u t l e r  th iauu  an l i e u  e le iu ucmit  as i i i  th u .’ e lse ( I f
— - s l)ectr ;l l  blul k IMulse sum i u p on l e n l - ,

L - — 
_ 
— 

~~~‘ •=tI ,Si ,,~~2 ‘I ~~~~~ ‘ ~ ,=,-, ~ ,, ,, - -

H
1, - I -

~ 
J , ,  

-

~~~~~~~~

T
‘4 

-~~~~ 

~~~~~~~~~ i”
~ ~ IIII IIIII IIIIIIII

I u~’ulIe 4, i s.t Il p ie II I I I, S I I - l ) I I I I I l I S l I I l i l l  ~~,lsI ,
I i~’ i i i ’  I I I I ’  I ((SI Ill V’ - iISII I 1 1 1 1  I i ’ i I i 1 !  S’, l I IIl ’. I I I I I I I, t i I I I l s

I’, I I  I,,
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I

l uau h umr i s ’ t mu m t s  ussl i l l ls ’ th us ’ va lues of ’ I , 0. amid —l , ‘I’hi,’ f irst hew I t smmctm u mis  are’
‘,hlllV. I 1 ill luc i l l e ’  ‘s , I t t s ’ t i r s h  two I liii b’um ic tmo ns a m s ’ i u ie ’ mi t ie ah w i bh u tIme f ’mt’ sb few

Wa kh m f ’immic t i iu n is , ‘ Ills’ ( iml e’ — ( h ii i iens mo iiah h aiti f i iu ie ’ tu om i is t x —
lFs ’sss ’d by h a r t  K ,~’ x ) . It is liar (0 . 0, x i  = wal (0 , x )

liar (1) , I, x )  = wal (0 x l
I f i t  ‘,‘ r ner ; u tum ic  prus’e’ss fur lI~uan’ h ’n miet mo i is is as b ’olhows:

I hue f i r s t  t 5 t i l  llaai’ f ’t m nc t io l l s  are h ef im ie s h as (lie bu st two Wals h f ’t imi e ’ b iuns, I lie
htmm ie ’ t m ol i  liar (0 I , s t  is ulmi ’u i su iiieets ’sI mi t to  h all ’ the’ inte rval auie l sh i f ted  to yis’ ls h
liar’ I , I . x t  amud h t .mt  I I , 2 . x ), l’,ae hi om ie’ oh t he new f ’um nct iom is is sque’eied iug iul mi

mu hall ’ III i ts  5 11 1.1!’ mud s hu i t ’ted to y ie h h mar (2 , I , x i ,  liar (2 2 , s t  tam ( 2, 3 , x ) ,
amid li ii ( 2 ,  4, x l .  I his ~~i’ ll, ’ ,’55 if ’ eo iit im iued , gem ie’n’~mt e s t hue ’ set of ’ al l  I I~u~m m’ f tu i i e ’ Imouis ,

i ’ m i h i r e h s  m i s ’ss sets of 1115.- Fe te urb luogoiial f i unct io uts  
~ 

c~u u i be ge uie rat e ’t h by (151111!
\~,u hshu f uu u i , ’t~ uis , ~umi d hs- tmsinig this ’ l laar h’i’ocs’ss 1 sI~llee/ mmig t o n tm i e—l l ~u lI ~umi d
s h u uf hu u u~_i I - or .‘xamp le .

w ith (0 , x ) = 1 1 (0 ,0, 5) or w~il (I) , x )  = k (0 ,0, s J
w ith ( I , x)  = I I (0 , h , x) w it h (I , s ) = I ( 0 , I, x )

, ,-  c c . - r  “ - ‘
~~~~ ] 

—

with (2 , x ) = ‘ I (0 , 2 , s)  will (2. s t  = f — ( 0 , 2 , x)

- 

- - 
- -

~~~~~ 
1t 11 , Lx )  Wil l ( 3 ,5)  - 1 2 ( 0 , 3 , s )

1 1 (1 ,2 .  x )  
~2 ( I ,

- - ‘ V - — — - I I (2 , I ,x) 
~2 ( I , 2 , s)

—

~~~~~ ~I (2 2 , x) t 2  (2 , h ,
- - 

t 1 (2 . 1, x )  I (2 , 2

(2 ,4 , s )  1 2 (2 , 3 , x )
— 2 ( 2 , 4 x )

- ‘  
-

~~~~ 
‘Iwo- dumit em is i o mi~il I laar and f ’~ f ’i umi c t mu i l l s

I are e ’x I) ues ”,e’ ( h ~ms proelucbs

‘ I i’ h u~um’ (iii , ! , x ) luam ’ (n , 1’ y ) ui
— 

1 mi ~~ ~, x ) t ’
~ ( ml , j , v i  re’spect ive’ly ,

-~ I I - 
, As sw it Ii h)luck pti lss ’ •uid \V~uh s h i f ’o i m i e t l l l u u s

a sh)e’ e’ t m a I de’coII i l l t )si tu o m l t a il lie’ c L m t ’  w i t h
t Ime im nimge ’ f ’tl m ic h i l i i i  ( lu ’ c l ) u mm ~uosi ilg in t o )

I i t ’ , , ~ ’ 5 , i si r ,ipli -’ ‘ I t  111111 I ll l(Cill(ns , si r - u i ’s of I Iaa m or 1~ e’ iul i po l ieu its .

-\ i m u a t r i x  \1 us ca l led . u ut  l l u h l u u ) i ’ u u u u a l  m n u a f i u s  if ’ the u r l s . m ’ se M’ 1 11111 t he brau msp used
( i s t l iu ) f l l ( I t i ( i I I i I i  to i i .  hi o t h e r  , ‘\ il~m m ha iiuar d In iat i ’m \ Is itli ui’thiogo miah i m m a t r u s

s~u I hu els ’ r uu e ’ mils I amid — l  (lilly, I t  is cunVs ’t ni.’ u i f  hut  m i l e ’ insteadhiadaimmard - -
- ob 1 I intl — l  sIiIIl) Iy + amid — . I his ’ ll dlu wu lmg un’ s ’ b his ’ I ladahl i~mrd

~1aI rict ’s 
‘ 

-

l l l , l t l l t t ’s 1 th is ’ m u u i k I t h i roo ug h u - I .

-

~

—— - - —

~

- - - - - — -  
_ _ _ _,_ , _ _ __
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= 1+1
1 1 7  = + +

-I-

- - - f - f

~ 4 I  = - + ‘
~‘ -

+ -  + -

11 4 2  = + - ‘I +
1- i- f

I Iaiham iiar tl mn ~m t r u e e ’s oh ’ h iighr e ’r ran k can hi’ ge mte r~ut e ’d hy Krune’e ker products , Ibis
proees% is expiaiiieci l)y (lie following exa i m phe:

1- 1- -f +
h i ,  lh + - +  -

1 I 2 ® l h 7  
11,— i l ,  + - -

- -  
+ - - +

l3s’e’ at u’ se t h e  i’usuis iu i ts h el) l l i ii luis oil t l is ’ Ilada iiiam ’ sl 11.1 ( l ies ’s are urt hiugumi~u I s i t s
t hie’y e~ili i)e’ used ((I dee’oiuipose , b ’or s’Xal i ll) hs ’. a hW u ) — dui1is ’ns iomi~Il im ii~ugs’ l’u unsi iomi
111 (0) Its  spectra l e’o m npomi e nhs , Ihie’ ort hiogomt ~iI s’umi hut mo m i  fir t h e  rows of ’ ~umi llael ;u-
mn ~irs i mi h i t l iX h i~lVi i i i ’  N~ 

ehs ’ t r ie ’ mi ts  is
i i~~ ~~ = N o - -  ~U fur i t

m l N hum ’ m

t his row s’lt’ mmu s ’ mt ts  il uk 
, K = I , 2 . ,. . ,  N I i ia\  l)e’ cons idered to rs’presem it a sb is.’rs ’te’

bu mict iu ni  t h a t  assum ne’’~ t h e  value ’s I amnh — - I wi t h  in this ’ ints ’rva l 0( x (N ‘ I’hs ’ disc rs’t t ’
I unctIon Illay hi’ i \ h)rs ’sss’(l by a t i ,  x i  w h e ’re’

i ,x I Ill for 0(  x (  I
at Lx )  = ii

~
2 1 m m  I ( x ( 2

I his ’ s~m mmis ’ prue’ s’di ure ’ m a y  he ~t l)p lied bun thie c ul um u im i e’ls’llls’il ts 
~
i 1~ K 

= 2 , 3 . ,  N
to l)rodtlce a disc rete funct ion a) k .y )

t his ’ currs’spom r ding I w u— e l mumms ’nsmona l spe’cbral conlpomle’nts For l( x ,y I iure ’ ,‘x l r.’sses l
by 

N
MiK = I f ’ l (x ,y ) ~u( i ,x )  a(k ,y) dxdy

0
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-\ s l u t t  reg ister e’uiislsts of ’ m l — coi i see t i t  u s e bInary storage ’ ,‘I,’ mi ie ’ mt ts ca lled s t ; m e , ’s ant I
III a fee sh hack i letwork , h’ u i ’ lh r e Ii shu ows a sh ill ‘ec is ler  wit h 10 slagi ’s , ‘ I hi.’ binary

va h ues t i c , two  discrets ’ vu ) l t ; tc es )  t h at can he stor e h in each
l)use rete Fuuc t ions -

st i le.’ i i u ;~ he’ slefuned as value ts’ru ( Ut ~m mie i v~m Io i e one I + I
by Shift Regmsters . 

‘ 
- 

- 
‘ -I he fe .’sIh~uck ml s ’t work leeds (lie values of soille designate d

st~iiies It i t o ) a uno dsulo 2 a d d e r ,  I)epcndimig 01) t h e  inlp tmt value’s of (lie ailsler , the
outp ut 0) 1’ t Ile’ as h Ier will assu m e the va ls me 0 or + I T h e  output of ’ (lie a(Ider is
app lied to the input of time shil l register, Th te sh i f t  register is operated i)y applyim ig

a cloc k pu lse to eac h
— - __________ — - 

~1 stage , w It melt c~t ulse s ( hue
- - I - value of each i stage to he( MI~ f ’ I  

, shifted to the i)ext stag.’
- 

~ fl/ I(1/ ami d the out put of (lie
‘V ,z~~~ ”- feedback network to he
/ “ -.

~ shif tesl to the f irs t storage
I of the shi f ’t reg ister ‘Fhe

I - - , output of the shif ’t reg ister
H - ! j , ,,,, ,,~, is the mi adiscr c ’tc seq sm e nce

- I I 
I I 0 0 ) 1 ’ 0 ansI I. ‘t’hie output

- 

- 

series may c ( im ’isis( st t up
( S I j (o 2n — I hits for a n—stage
I / O I~~ ( ‘ -  — ‘ I - -

‘ ‘ ‘‘ rc~~ste r. de Pclislmii I~
, Oil

t he sect ion of the feed-
i’ igu re 6 t O-Stage Shi ll Rcgisim ’ r w hilu i-ce,I Hack Network hack networ k, ‘I lie worth

hit  refers to (lie 0(1(1)111 (i f

the shit’t rer,m ister which is
generated by a one-clock pulse, Practically all discrete functions including multi-
value functions may be generated by a suitable set of shift registers , including
switchable feedback connections and appropriate logic circuitry . l’his capal)ility
can be used to generate many ret’erence signals, in addition to orthogonal se-
lUences , that can he used for correlation with signals derived from images,

APPLYING DISCRETE • 1)iscrete tunc ( iom i tec h nology cart he used in three
FUNCTION areas of ’ (lie to~)ograp hic sciences: ( I  ) in aerial 1)110(0—
TECHNOLOGY TO graphs of topographic terrain , ( 2) in repre’sen(ing (he
TOPOGRAPHIC earth’ s gravity tield by Wa lsh functions, and (3 ) ~fl fusing
SCIENCES discrs ’te ele’ctro -mnagn etic wave form s for remote sensing,
I)iscrete functions can he electronically generated by logic switc h ing circuitry
us imig integrated culmipormc mi Is . t i le ’ switching speesl Of t h ese cOiiil)olients I TTL and
l’,( ‘I— ) is ty pically a t’ew nanosecon ds and is expected to increase by (lie t’ac(or 100,1

‘t’here’t’ore , discrete funct ions iuiay he gene rate d at a t r e m n e n dous rate , e.g. up to
seve’ral millions per second

1 Anon. “High t’eit ’o rmaflce Josephson (‘heuit~ I)cse’ribed by IBM Rcsearchcrs ,”Il ’,EE Counpuler , vot , h i ,
No. 5 , p. 102 , May, 1978
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I lit’ are a cl c mite ’nt s , or p i xe ls , of a l) lJck —and—wll i t.~ ph oto a re’ chiaract. ’rmied by t heir

~‘r’ :t shu~u~l.s or shs ’grs’es of transparency I lenc.’, Oue imuiage c~tm i be descriheth its a
I’ ilters for 1w0 (I imuie iis ioui~tl gray shade (uilc( iotu cx presse(l , (or e’xamp le’ ,
‘I’wo-Diniemisional imi ( ‘ ar tes ian or polar coordina tes . ho pographtic ansI terrain
Image Signals features recors fed by a I)huotogr uh)hiic plate or fi l m are recog-

mui/ ,a l)le by their shape , contou rs , ansf gray shiasle sl istributmon.
Because each b ’ea ure has its charactermst ic spectral components fir every 551 1)1
orthogonal b’unctioi ’is , spectra l components ob ’ features may be useful  (‘or recog—
mOult , ident ih icat iom i , and extract ion of ’ cartograp h i c  f ’eatun.’s ,

iwo—valued discrete l’tm nc( iorm s are particularl y su ited fir development of ’ sliectra l
cOm ulpot lem i(s hecatuse . they can easil y he gemier ated with oI l—the—shel l  compomicilts.
l urtliermuiore . c lectro—optical dev ic .s are 1)0W hciiig developed th at cart he’ used for
ol)(ical eem’er it( ion of two—dimensional s hiscrete functions. ‘rite om)e va lue’ 0, or — I
is b ’ac ilita(eeh h)y dark or opaque area elements , ami d (lie other value + I l)y ligh t or
trans parent area e le mi ’ients. t our types of s.’Iec (ro—op(ical iml (ers for generating
discrete t’imnc iomis arc described

Nematic liquid crystal  filters I ,iqeiisl c rystals are orgamiic suhstam iccs whose state
of ’ mui at er is between (he solid crystaline state and (lie isotropic liquid state.
The liquid crystals are classified in to  various groups, One group. b’or electro-optical
devices is (lie mle mua (ic hiqe mid crystals. In t h e  nematic liquid crystals . (lie molecules
are rod shaped and arrange themselves parallel in volumi’ie elem ite mits co ntaim l i rug
typical ly I ~~ to I ~~ muto lccules Fhie volume elements have ch aracteristics similar
to smn al h aiiisotropic crystals Fur electro —optica l applicatio n s, litany of (lie volume
elentents are oriented uniformly by putt ing the nematic liquid c rystal substance
between two plane glass plates , which are kept at a distance of 10 to 100 micro-
meters by st upports , such as filnis , threads , et ’ :. I’he inner sides of the glass plates
are plated with transparent electrodes (Sn 02, In 03 ) that make it possible to
e f f e c t  ths’ liqu id crystal between (lie plates by electrical fields The transparent
e lectrodes can he arranged in a pattern of parallel s(ri pes isolated by very small
gaps f ro rt i  eac h other. To make an optical f i l ter , (lie glass plates are arranged so
that (he stripe’s of t h e  one plate I x-direction) are perpendicular to tile tr ipes of
the ot her plak’ (y-dir,’cf ion) By ;upplying voltages on crossed stripes , t he are’a in
he(ween can he madt~ s’ ither transparent or opaque. By applying the values oh’
drscre h e’ I’unct ion,s electronically fo the x-stripes and y-str ips’ s, optical filters
representing two-dimensional orthogonal discrete functions are realized,

rwo e f f e c t s  of mie uu iat ic liquid crystals can be exploIted for (he reahitat ion of ’
opt ical f i l ters ,  One ef f ect , called the Dynamic Scattering I l)S), requires non-
polarized mimo nocro mila (mc higli b ’or illumit ination. ‘Ihe other effect , called Dc—
format ion Aut ’gerich tete’r f’liasen (l)AP) require’s polarized monochromatic ligh t
fo r illumination. ‘I lit’ contrast rat io hetwecen transparency and opaqueness for
the I)S effect is 1:50 , and f ’or (he I )AP e f f e c t . I : 1 000. ‘ ftc total response time .
(hat is (lie t j ute ’ needed bor swi tcli ing t’romii one pa tter ii to another , requ ires
approximately 3 t iiicroseconds for the’ 1)S effect amid approximately 6 namio—
seconds t o t  the l)AP e ffect.
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I’ Iiotofc ’rroe lect ric (PFE)  ceranu ics . Nonivohatile imi lages can h)e’ stors ’d iii h)llase
l ead l~it it hianumu i z irco niate t i ( am uat e ( PL/’I’ ) cera m ic by tus im ig um ea r—u l (raviolet ( (JV )
hm g h i t  au th switc hu imig (lie b ’erroe lect nic poha rizat iom i t h rough a portiumi uI the by—
sts ’res is loop. ‘lb.’ imnage’s iure store d as sl)a(i~m l sh isf rubution of scat (crimig ccii (ers
amid as surface ’ ele b ’u>rmui ~mtio m is . l:rasumre o f  s oresl images is achieved by tis imig h ear—
[IV ligh t ansI swi tc h ing t h e  f ’erroe lectric polarizatio n hack to its imiit ia l s tate ,  In
~nlslu t mo n i to the’ imilage stora ge’ ca lta hihi ty ,  P1’ F ceran l ies t m iay l)e used for devices
t h a t  gcneriu(e optical fi lte ’ rs comisistimig of pat t e n t s  of t ran isp~mre ’mi t ansI t)piiqtis’
ameas , ‘[hese f i l ters co u mIs I he’ tmsesl iii a similar w ay as liquid crystal fil te’r~~’l’ lie’
aslvam itage 0) 1 ’ Pl”I —Pl.Z ’ I’ ce’ramu i ics us (h i~mt ( lucy a re’ solid state mui a(e’ nia ls amid cant
he imiade’ in sheets as t h ick as 0.5 m nihhimn ete rs I lowe’vi’r, cert a in problems unity
ar ise’ because of (lie stow total response im ui e am ud possible’ LV absorptiomi i i i  this ’
umu lage mater ial,

Figure 7 shows ant o l)t ica l
comif ’igura(ion for spatial

~p.’c ti-a l ana lys is . [lie par- , ~,,, . ~ ,- 
,,
~b’ a#t ~ T t I~~~”1 ‘ ‘ 

~~~~~~~~~~alle’l light bea m generatesl ~~~~~~~~~~~ -
P$~)[,) , e’L~~ -by lens I is muiodula(ed by ‘ 

-

t ime’ image’. A (‘ii tc’r (‘unct ion ,- / fr

is t lien ~tl)ph iesl by (lie — 
‘ Jb iller to (lie miiodulatesl

ligh t heamiu, Lens 2 focuses ~~~~ I - - - -- - -

(lie output of (lie l’ilter -, 
- 

—

onito a photo cell. The 
I

ou utp s m t of ’ t h e  I)lioto cell /is a measure of the N.~ i ‘ ~~i 2

spectra l corn ponent of ’
the imiiagc IlIrmuis of the l ’ Igt tr e 7, Opl icat (‘ o n ul ig u rat io n ot Spatial Sp,,’iraI Image Au, , , I s , , ’ r ,

b’il ter function. ‘f :u~ I’ll ters
may he realized by liquid
crysta ls or Pt” I’ , ceramics.

Plasma filters , A new type of’ display (ccli nology called plasma display tec h n ology
wi ll provide a capability to generate ’ two—di mem ’isional light distributions that
represent discrete fu nctions, Thin Sh eets of ’ glass are sl)aced about 0. I mihlimiieter
apa r t  to borm a cavity for special gaseous mixtures. Rows of X and y conducting
add ress h u e s  are deposited on this glass. flue x lines are on (lie one side of’ the
cavity t h e  y lines are on the other side and perpendicular to the x lines. A thin
dielectric glass flint is placed directly over those lines, and a continuous charge of’
a.c . voltage is appl ied across the cavity by t h e  x and y lines. To start a disch arge iii
the gas at any point wh ere an x and y line intersect , an additional voltage pulse is
superimposed t hat is large enough bo trigger (lie gas discharge at this point. The
gas disch arge appears as a light dot. The discharge can be terminated by another
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e lectr ical  pu lse ’ that cancels (lie a c, vol (age ~ut the line inle’rsect ion, ‘l’he’ tlobs
can he arranged in pat te’rmis of ’ two— dinnenisiuu i~m l d iscre’ts ’ b ’unmc t ioiis , such as Wals h
funct ions, ‘lii is highi
ul ist rii)tit ion ciu mi he di-
re c t ly app lmes l to au imilage i~~. ’ ’

\ /~~ ‘ F R
I t t  p ros ltuce correspond umig \
raris tt ) rniis or c~)rre la(ionis / ‘ I, ’ f I  I # 1

I hu e t r~un sf ’ornu s can he’ — ,
~

ree’ur des l e’lectrica lly. ‘I hue’
adv~umi (a ge tub this approachu
is t h a t  (lie ligh t soutre.’
and opt ical  matrix are : /I’~~ I “ ‘ ‘I,’

coin t) iiie( l i i i  one’ siuigls’ -
~ /

s levics ’ St ts ,’ hi iuu~m ( r ix  -

Iiuay i)e calle’sI :mnu ~t. t v . ’
t ) pt ica l biht . ’ r ,  I’ m g tmrs ’ It /
slu svs ~in e’x Its ’ r miu is ’ u i ta l  - -, . - . i / ‘ ‘ “ -

se’tup (isimig ~i l)l~usm i hu
S i ’ r t u u ~ u t’ Is ’  I I I I I I ’ I I I , I I i I I I I  fli UI I I,’,nr ’upni,-aI S i m mi an Spe ct ruuu , i

I u lte’r t f t , u t  could he used
fo r  pal tern rd ’e’ogni h oar

~mm h f ’eat iure ’ s’~ f rae’ tmu ui -

LU) ar rays  as f i l te rs .  I ru ’ l l ( e r i t i t t i mug  d iodes ( I l l ) )  wily be cons islered as h)t l iI(hiutg
blocks for  ii,’ t i ~ .‘ t ) pt i ea l  b ’il te’rs , I hme y h ave (hue advam itage of h igh reliability ant I
vs ’ry s h ort swi tc h mim i g t u n e s ,  ‘t Ime si,.’ of l.l’,I)s is still relatively large (ahotut I t ru r uu ),

amus l  th is  pnohds’mi i id nu ua u i ub a ct u rm u ig  large two—d uut iem isiou ta l high res uhtu ( iomi munat r i ces

~as not ys’ I hs’t’n solved,

I )ise nets ’ functions , suc h ~ts W alslu functions , cami a lso ftc uused to couistruc l a binary
s~u mu i pls’ lii n e t  ion I h3S I’ ) model of t he geoputeni t ial an sI to recover geoish arid

ge’of)ote’nt ial p~iraluie ’te rs front satel l i te ’ ahtinieber data A
Representation of - ‘, , , . coiii t )ar lsom i of tIre l)e rbon m l iam tcs ’ of t Ime I3Sl model wmt hi t h e
t he Earth s (i ravity 

‘

Field by Wa lsh perbormance oh the sph erical hiarmonics sami il)ls’ huiictmo ui
F unctions (SI 1SF) model shows that (hue HSF moslet is better equmpl)edl
to rs’cove’ r snnia hl beatures , typicall y less thaui 10 anc degrees , e’f ’f ’ic is ’ nthy ansI a e c s mr—
ate ly out a s usIe ,

A new ~ilgori(lim b ’or rapisl spectral analysis of sats ’lh i te al ( m m l iet e r data has
heeui developed by R .1) Brown 2 t lmat redumc es (lie coiuipu(er (inu ic by at least (lute
order (lb miragnit tul e , l Ime algorit h m is based on W :ulshi f ’umict ionis auisl computes
t h e  spectral co m ponents uf t ime uuueasu red data. ill, a lgor uthti m rs also capable’

2 R s - t na r d ft Br own ‘5 ;~ ~~ 
tu,’nIj aI Modeling by iima ry Sample I- un,’I io ns ,’’ ( ‘att rot ic University, Wash ington,

i)oe ’ torai  ,It s~ ’ r n ,u i uu , n , 1974 ,
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of hansf iinig irregularly spaced data. ‘ i’hue resulting spectru nmi retains the sauuic geul-
era l shape . amn p lit tide , ami d location of peaks as (lie spect rumm u derived I rommu the
least-square me(hod. If N is the niumber of samples , t I (he required processing
t iuuie for (hue Wal sh f unct  ion algorithm , an d t 2 (he pnocess imtg (utile fir t i m .’ beast
s( luimrs’ a lgo nit lum ui , t h e  ratio t i /~ is ~n N/Nkn 2. l”or I ,00() sample points, t h e  time

is omi ly 0.01 12 , w h ich u ru e a r ls  t h at the Walsh process is 1 1)0 finns ’ s f :ust , ’ r th an Itt.’
he’as t—s qei~ure process f’ur this sa m ple nuniiber.

( ‘urren( ly, generators can be built t h at caui produce electro unaguietic discrete
wave fo ruuus with pulse widt h s as s m all ~us I nanosecon d I Iowever , (lie tre nish us

to warsl shorter pulse wis it hts dowit -It) 11)0 pico secunds or eVen
App lying l)iscrete ‘ .
Function to 10 picosec~ i~ds. I htese wave for m s can be tra ni s n iumbted
Technology to directly by ~u mi array of radiators (luit se rves as ant amits ’ m ina
Remote Sensing system. t h e  generator and ant s ’ m un ia systenu s are designed imito

oute L um l it. Because t h e  current t h a t  is led into (he an te n na

e lemcmt(s is two vals mesl , the electrical b ’iekl in Ilue wave ionic will ct > its ist ut positive
ami d ns’g~mt ive I)i r~uc pu lses

So mu ue’ work hias hee’n (Ionic’ hy I’ ‘I - tJ lahy 3 at the University cu t  Kansas i i i  wh ich
a s im insorda l nael~tr sp ,’ctro mrietcr was b ’octused oni cropl’iehds. l’he rccem v eel sea ttcned
energy was ~utia hy-i.ed ~ts a b ’um ’rctiou~ of ’ field roughness, soul mao ist tune com ite nt .
crt p ty pe , ari d crop h e ig h t. Flue radar used a sinusoisla l carrie’r ( lb 4 t ( i  I ~ ( ,hh,
(g igaliert i ) .  w it h a FM ( freque n cy Iuio(htilat ioui ) of appro xi muia (ehy 401) M h i
( m u  u ,ga hre’r( i ) - ‘I wo of tJhab y ‘s conc l usionis are

Although soil moisture cam i be sensed through vegetatuon .
f lue sensit ivity of ’ radar backscatte r to soil muiois(ure is qtui ts ’
deps’ndeuit on vegetat ion chuar~uc(e r istics ansI sensor l)aranieters

2, Spectral respon se curves insl icate t h at lower b ’requ uemic ies
prov ishe muiore’ infurmiiat iom i om i soil nutoisture tiecause of inihi er—
ent ly better penetrat ing abil i ty. Angles near t s ’ iu . i i  are miecessary
to accurately s’st ima te’ so il unoist u re.

Ouue class tub mio nisin t usoi s lal wav e b ’or mi us yis’ hds inure iuu hor nu uat iout t h uami siniusoids
w luemi uss’d im i topographic raslar ‘l’ hiess ’ wave ’ h’oriuus a rs’ scquemic’.’s o il short puke ’s .
part icular ly pusitive amid nt’ga( ive I)irac h ) t l hs s ’s , w h ere an ~I umt l ) I it (u ( Ie ’ r,’versa l call he
.~m s u ly dist iuugui shued hro mn a n y  ph ase shi f t  eve’n in a miousy s ’ uuviro uum nis ’ m i t ,  ‘ Ibis t i  f ..’t

m ls tt ,‘x ists b ’or s iniusoidal waves , but it cam inot be .‘s p lou f s ’ ct be’ e’at iss’ .t ui ~uiiup hit t ids ’
re’ve’rse’ d sumitus tu idal  b ’um ictionu looks like ’ f lue origiuial f umue ’f i o i u s l mibt e d by a ha l l
Pe riod ,

I - u r r , ~ , ‘F ’!,, i- (/, ‘ .-t u- ‘4 S”’uI ~h ’i~tu, re and Plant Morph ology on the Radar !iao ’kxealto ’r, ’r/ r rnn I
I nI v, ’ , ’ , n y  of Ka n %as . J u l y  - m 974 .
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S l)eciah Wals h b tu m u ct io n i s  thuat gem uerate two-value d l)urac pulses h’uave been used
e,s per inui’ntahly fur mimic’ de’ t set  ion, shetec( ion of metallic and non in nuetalluc pipes
t umtt he rgrou ntd , reble’ctors m i  noisy environment , etc . ‘l’he ref ’ore , ground t r u t h  da ta
can he .xpe e bed to be’ m o n  accurately u,hf amnes j by using discrete h’unct tout raslar
ra( hier t hia m i by using s iut uso idal pulsed radar,

h’UTU Rh’ , • I mu the preceesl i mig sect i on , d uscrete I uu’tct ion tec h nology
R I - S I - A R C H  AND was s hiowm ’r to h ave a potential for applications in th is ’
l) l ’, Vh ~LOPM hI’.NT topograp h ic scie nces.  In this section ,souiie com lce pts are

presemi ted ha t m a y  he solsu(ions to topographic prot —
teens t h a t  are r’uow sig n i f icant to (hue military

l’i~ tu re 1 s t i u us t ’, (lie’ h)lOck
i u t u ’ r ; u u u u  c ub  a co n cept for

u n t i e  anal ~ sus
j (‘arlograp hic anud featu i re  cx- i— TWo DIMEN-SIONAI ,.

EMI T TING j .SEII51A’G A~~~~ Y
Feature tractuomi umsung
I’,xtraction ant act ive opti—
and ca l f i l ter  (the
Sigmial f i lter is siui inul —
Processing tarteo usly (lie I r-’ ’ — “ n  r ”—” — “'‘ i

lug h it s ,uuu r ,e~ unsl 
/~~~I~~~~T7 /  I ~~~~~ ~~. ~ IAI SIRE

a I wo-dim iieuis ioutal ss ’ulsi nig J uNCTION ~~~~~~ j 1- - - 1
~tr m~uv is r,’ceivs’r, I lie iuliags’ ~~ENE RA TON / ‘/?, - I  , 

~~~~ .i ION

us placed bet sts’s’Il the filter L_ 
~~~,,J ~~

~u n h  s s ’ uis imu g a r ray ,  I )s’pe’ n—
(June on t h u s  re’so hul ion n oh
t hu.’ t ill.’r ami d flue ’ seuisi uig
u r u ; u ~ s l)e’ct rah , ( u mi s ’ m m nay - ‘ -

u h tu n n u u l ’cuultu l )uusi t ioiis t uf I I~’ I I1 I ’ ). t t l  S I ) u l , ’ r, , III Ii 5 ( I l u u u,’ 1 I n  t ,or luuu,i t ,’e ,-\~u,iI~ / I’r au usl i -eai u re i c nua , l ,r.
t hus ‘ u u t r r , ’ I u u t , u ’e ur ses t u t m u s
t hi.’ reob mit ‘ r e i n  d e t a i l .
lts’c’~m u I ’ -~ 

- ira niy d iscrs ’f e ’ p~ut te nnis un~iv he applied . uit~u m y  ch aracter ist ic spectra m a y
he uo I) t t mmis ’ s h  - I bis’ re(luine(l bo r ic - f iou generators are’ teasuhh e today. hluwevs ’ r, largs’
.u. It s . ’ bi lt ,’ rs am nul  ss ’ n usm u ig ~irnuu~-~ ; u r e  im i this ’ ear ly s tages  cub deve lupui tent , Fur t ii , ’ u—
mm u or, . , u ti.’t~u ul ed auia l~~su s 01 car tograph ic’ be~uture s is re (htiireul for stuu tah le two—
d u n u t s ’iis uom u, ih c hu s r,’t ,  tu nic u ours ( hu ~ut pouf uuc,’ strong rs’s pomlses to spe’ c u tuc  fea tu re s
m u ,‘r nuis ub sps ’ ,t n i l l imi t ’s i r i s h ,unr,’l~ut iout .  ‘ Ib is  ne s e~ur .h u  shiotuld mu icl ud.’ fl it ’ stud y
o u t  bo h u t i ~’n u l’o hu i .  b e a t  uur.s us thi s ’ ’. appear uuis l. ’ r v a ru ou is  str ii au ght’ s b u m c le a n , pa rtial ly
chouu t ’. , ,t i r t h e h o u u t u h ~ 5LII~~ ‘\Iso . thus ’ an gle’ ob f lue uhj.’.- I re l~ituv .’ to t his’ n n u u ; t u ’ e  plauic’
un uu us l  he ~~i I n I~ u, i I ’ u I ’d , us well  as poss uht he s bn ai hows.
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S I  f am ’ , u u i h ~ mes t~t uug t u l ~u u t i nt  u . s ’s h e u ss ’  bee n c o uu s u uls ’ med us f i l l e r s  Uuie r u le ~u is
t u o  i n u , f u i c l , ’ u lh u , ’ m s u i m v u h u u u , ’.u n e’ , u ui l i mu ~ut ,’ s ys l s ’ u uus as u n u ; u t r i , ’ s ’s t b  . \ h t u e s s  ch is ,  s t . ’

t tu m i. , ’ t u c o r u p’,t f f . nut s . l ’ u e u u u s ’ I 0 s huu uws t w c i — u h i u u i e u u ” ,ioiu~iI W~uls lu i t u u uc ’ tm o m i s  i i i  pohur
,‘ o nu ~ch ii u. t t s ’s ,
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0
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I r ~ O• Iluo~~ / 
wa /Il .!

ulinia , A iu ’ t u ~ I u
I u~’ uuno ’ l o u  I- \a uul(lI s’ s I I I  i’olar ‘uvikI I i i uu II I l ls .

,\ u u o o t h i ’ n  ids ’a is l o t  c t u im r hiuis ’ t h e  pl iot tu ds ’t ,’,’bor b ’nut e ’b un of b hu. ’ ss ’ nsuuu g aIr ily
stu l l u t i n ’ b i l t . ’ u f u t n u , I i t ui od f l . ’ m u iat n is , I hi us nay he i e l i t u v s ’ h y  s ’ u ” y lou ~u ccuuu1 h ) hishm
b o o n  l v , o u  s , u h u t ’ l  f i lt ,’r f u i n u . ’b i uus , One va in,’ wo u ld h e  u’ s’prs’ss ’ rm te d by tu’~tnsp~m rs ’ u ue ’y ,

m mm c l b u s ’  o t h u s ’i v ;u I l ~ I - by oupi uqt Ieu icss . In t h is s - is.’ , t his ’ O h ) i i t h ( I5 ’ t i s ’55 iiiii ~ h’is’ n’ s’a liis’th
b’, t t u s u h h u u u ~’ t hus ’ s-on’rs’spoun h iuu g ph io to t  s- t hIs 0 ) 1 ’ Iii,’ iru’rity u ub uh i , i u ug  su i i t ~uhls ’ hi~is
s o i l ,  u r ’ ’ -

~ I h ue rm u mags ’ is Ihie ’ Iu s i n muply p ro isct s ’d oh l Ime a rray. I Iris th s uu gives fI n e

~ 0 o55 u1 u h u n y  od  uu u . t ~’ n u i byi i ig ss’s’ t it ) l iS uI this ’ iiuiage , w h ic h wotuld he’ s ’ q t miva lt ’ uu f t O )

I I I  ill r u s h r,’ s ( ohuu t i t ) u i  ou t  thus ’ syst .’i u i ,

I lie s u i s  I s s  of b c ’ t t u u n ’ ,‘o t m . u s t u o o n m  ds’ps’iuds to a hargs’ s’x (s’mib 111)011 t h e ’  rs’spuuiss’
t u u u u s ’ i o f  th is ’ I o u n u u ~uo uu s ’ u i t s  huu r  s’Icc tro — o u p tu . ; u h  h i h b s ’rs auud s’lec ’ bu’ om iuc processiung

1 1 5 1 5 1 5  If us umuiumn y as I f o o  I 01) ini i ih ion i  s m gni iI l i o s s s s i u i g  prt e’s’d uum’ s’s cam u he c x —



V

s ’ s u i t s ’~h ri I ss’,’ ti mu d . thus  1 n m t o h u , u h u i h i t y  t t i  s ’x l r~ue - t f i ~tt gn’~up hui, ’ Is u t u i rs ’ s  mi l i uy hs ’ lui~’lt.
I h us ’ u t ’ f t i u s ’ . t hus ’ I i u u i i  h i r u u i uu ~ut i tumr  is ; rt ’ s ru i ru ~u h’ u ly this ’  s; ,’,’ h ity w h ic h  thus ’  r u u u u ~’,’ .~t mi Its ’

u u t u u s  t u l  t h t u o i n u g h u  lii.’ s y s t e r m i  I i i  i muu apt ’ ; uuu u hysis arid is i lu i n , ’ s’~ i u u  I lon i ,

I us ’ h t u u u u u ’ .  Sam n u~’o hm n up ~v1 ,ch ,’ l is a huR ’ t h  h u t u u s ’ t r o uiu n nu oRl , ’l t h a I  is n~i n I u s ’u i l~m u h y  w s ’ l h
s uu i l , ’ c h f o u l  ,‘ O O l i i h ) t t f s ’ i s . h i t s ’ s l i t .  t l’~ lou s it ru n t  cut - s c u t  I t u e  f u u r u , h u c o r u s  ml s o ah lo iws I tuca l

u ’ s ’ i u t ~i sc h t t t  u tu mrs  t u  Its ’ i h t uu i i s ’d w r f h u t u i (  rs ’g,~u rd f t  thus ’ h u s k  o d (h ut ; u mu
( u o n Ic ’sv t m. ’ ius iu mur uu s ’ du ~u ts ’ Iy ot ubsids ’  thus ’ local so lt u ( uo uu u’ s’g ioui. ‘ I h i s  ea pa huluty

s hut n ild u s ’ s’x pl o i n’s’d w h us ’ mu thus ’ geo~a ut s ’ uub m l of hr h m i u t , ’ u I  a r e a s  t u b huig h u
u t m t l u t , u h  5 uuu l )ou r t uru ,’,’ i rs’ s’ui nc’e u’mus ’d Because’ discrs’ts ’ f u u nie’ t i uaus iiiiiY also he’ s 5 -

t u r s s s s ’c h u mu Is ’ m’niis co t s u uu ’ b ic’s’ s ph us ’ r mc ’al s’ iuo rshin u~t te’s . t his’ adv~u r r b t gs ’s .‘l s’x l~~s ’ssuui P Ills’

s ’a ut hu ’s ‘ r u s I t  V f ie ld hy I l ts ’s,’ b um iuc t i onus  should h)s’ s x a m u u i u u s ’ & h ,  I ’ i t ’ uure ’  I I shu ow ’,

~\ . u i ’ , i u  buns - I uuu is mu s t ) lus ’ u ic ’a I e’ut n’dih i~ut es ,
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CO,N( ’L LSI O NS  U On (lie basis of this study, t he following con clusions are
l i s t  L i

- h)uscrete fu n ct io n tec h nology carl be ah)phied to an least
t huree areas of ( hue topograph ic sci,’ ncss . mtauit e l~ to ilitage

~t nia lys is (or cartographic am id t .rraint fea tu re  ex t rac t ion ,
to geopotenttia i represcntat ion ,and to renli(ute seuts ir ig

2. Marty new famil ies of discrete bsun ictions can be d erive d fro m
(hue hlas la mna rsl matrices by meaul s of the Flaar process amid by
shift registers. ‘l’hiese funct ions mitay be sused for spectral de-
compositiout of ’ cartograp hic features , it ’ (hue set of’ fun ctio n s
is orth ogonal , or f ’or correlation .

3. (:u~
-
~~~ tl~~, hia rs iware co m pon ents are as a ihahle to verif y

concepts of cx pe run nenitation i . wh’uuch iu ichs udcs high speed
switching circ u i t ry,  ntemn iat ic  hiuls iid c rys ta ls , pl:1._h)LZ’I’ cc ra n ui cs .
plas ma f i h t s ’rs , an d LI I) am id (( ‘I) urr a\ 5,

4. b light spee ch iui u t g e a nual ~ /ers ansI fs’a(ure’ extractors woetht
requurc’ cuinpomient .‘sp rise t i t l es of approximately I nano—
secl) nsl tu I .‘ornp lete up to apprl)x I uuua ( e ly 30 images per secou ist -

5. \ ‘ c ry l i t t le  is k no w n  at this t i n t u e  about specific spectra l
decompositio n s of topograp l u r c  I s’.tt Curs ’ s .

~ , In s i tu sig n al processing can be :ucco un up h is h ie s h b~ using
remote ’ s cn ts uni ~r ar ray c a r t ter as cuuui bumies l w i th  d iscret ,’ f u n c t i o n
procc~sI ~rs arid discr ete In nction signal transmissions ,

7 . Red uctio n of sate l l i te  a l t unni c ter  data can he a ce uum t ip h is lu ed
5’ er~ ef I iciem i th y by using a bin ary sa ma 1) 11 rig bum let ion nmuo s ls ’ I -

/‘~ Local i)ort iomis uuf ’ ( hue geopote uitral nv he auls a iu t .ues ’ l i lus i\
expresss ’s l h~ (hue \V a isiu I’uu  uj c t n t ) n s .

I) I opo ug rap hu ic te r ra in  radar will l )rois ishe nuuor, ’ grouuuid t rut h
int l o rn uua I ion w hteni operated wit Ii sh is,’ rs ’ I.’ wave l u u rnns rat It s r
than wi t h  sim l uusoisla l ’ wave fu r uuts ,
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