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AB STRACT 

The p r ima ry  o b j e c t i v e  o f  t h e  research  p resen ted  i n  t h i s  r e p o r t  was t o  

determine,  w i t h  t he  a i d  o f  pho to  i n t e r p r e t e r s ,  t he  use fu lness  o f  mu1 ti band 

photography. Environmental  parameters,  w i t h i n  f i v e  t e s t  s i t e s  l o c a t e d  i n  

Cal i f o r n i a  and Ar i zona ,  hav ing  known importance t o  a g r i c u l  t u r a l  i s t s  and 

f o r e s t e r s  were se lec ted  f o r  s tudy ,  i .e., a g r i c u l t u r a l  c rop  types ,  f o r e s t  

v e g e t a t i o n  types and t r e e  spec ies compos i t i on .  Q u a n t i t a t i v e  analyses were 

made, us i ng  a l a r g e  group o f  s k i l l e d  pho to  i n t e r p r e t e r s ,  o f  t he  in te i -p re -  

t a b i  1 i t y  o f  (1 )  mu1 t i  band b l  ack-and-whi t e  photos viewed separate1 y ,  (2) m u 1  - 
t i  band b lack-and-whi te  photos combi ned i n t o  t r u e  and f a1  se c o l o r  composi t e s ,  

and (3) c o l o r  and c o l o r  i n f r a r e d  photos ob ta i ned  s imu l taneous ly  w i t h  t he  mu]- 

t i band  b lack-and-whi te  photography. I n  each o f  these case s t u d i e s ,  t e s t  

r e s u l t s  i n d i c a t e d  t h a t  mu1 t i  band photography c o n s i s t e n t l y  y i e l d e d  h i ghe r  i n t e r -  

p r e t a t i o n  accurac ies  than  any type o f  s i n g l e  band photography. I n  a d d i t i o n ,  

b lack-and-whi te  mu1 t i  band photos p r o p e r l y  p rocured  and d i sp l ayed  as f a1  se- 

c o l o r  composi te imagery i n  a l l  cases rendered as much (o r  as l i t t l e )  i n f o r -  

mat ion  as conven t iona l  t r i - e m u l s i o n  l a y e r  c o l o r  o r  f a l s e - c o l o r  i n f r a r e d  films. 

Furthermore, by drawing on the  f l e x i  b i  1 i t y  a f f o r d e d  by mu1 t i  band p h o t o g r a ~ h y  

(i .e., optimum f a l s e - c o l o r  enhancements o f  p r o p e r l y  se l ec ted  band-passes), i n  

c e r t a i n  ins tances  t he  composi te imagery was supe r i o r  t o  a l l  o t h e r  types o f  

photography be ing  t es ted .  
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INTRODUCTION 

T h i s  r e p o r t  documents research  performed by personnel  o f  t he  F o r e s t r y  

Remote Sensing Laboratory ,  U n i v e r s i t y  o f  Cal i f o r n i a  a t  Berke ley,  on c o n t r a c t  

NAS 9-9577 e n t i t l e d  " Q u a n t i t a t i v e  E v a l u a t i o n  o f  Mu1 t i band Photographic  Tech- 

niques." The p r ima ry  o b j e c t i v e  o f  t h i s  work  was t o  make a  q u a n t i t a t i v e  

e v a l u a t i o n  o f  c u r r e n t  techniques used i n  t h e  a c q u i s i t i o n  and i n t e r p r e t a t i o n  

o f  mu1 t i b a n d  photography. I n  spec i  f i c  cases, recommendations as t o  optimum 

combinat ions o f  m u l t i b a n d  and m u l t i d a t e  imagery f o r  the  s t udy  o f  va r i ous  

e a r t h  resources have r e s u l t e d  f rom t h i s  s tudy.  

The s tudy cons i s t e d  o f  f i v e  phases: ( 1 )  s e l e c t i n g  s t udy  areas w i  t h i n  

e x i s t i n g  NASA t e s t  s i t e s  t h a t  con ta ined  a  v a r i e t y  o f  f o r e s t  and a g r i c u l t u r a l  

resources; (2) p r o c u r i n g  mu l t i band  imagery o f  the s e l e c t e d  s tudy  areas; ( 3 )  

develop ing an  exper imenta l  procedure t h a t  a1 lowed q u a n t i t a t i v e  analyses t o  be 

made o f  the  mu l t i band  data;  (4) de te rm in i ng  t he  i n f o r m a t i o n  con ten t  on the  

mui t i b a n d  imagery through pho to  i n t e r p r e t a t i o n  t e s t i n g ,  nega t i ve  d e n s i t y  

measurements and e l e c t r o n i c  image enhancements; and ( 5 )  a n a l y z i n g  and cornpi 1 i n g  

r e s u l t s  o f  the  t e s t s  i n  a  q u a n t i t a t i v e ,  r a t h e r  than  a  qua1 i t a t i v e  fash ion ,  

Our f i n d i n g s  f rom t h i s  s t udy  a r e  a l s o  inc luded,  i n  an a b r i g e d  form, i n  

a NASA pub1 i c a t i o n  e n t i t l e d  "Manual o f  Mu1 t iband Photography," which has been 

compl e t e d  and submi t t e d  t o  t he  Manned Spacecra f t  Center,  Houston, Texas, 

PROCUREMENT OF MULTIBAND IMAGERY OF TEST SITES 

SELECTION OF TEST SITES 

P r i o r  t o  the  da te  o f  c o n t r a c t  award and c o n t i n u i n g  th rough  t h i s  c o n t r a c t  

r e p o r t i n g  per iod ,  i n t e n s i v e  ground t r u t h  ope ra t i ons  have been c a r r i e d  ou t  i n  

many areas o f  t he  wes te rn  U n i t e d  S ta tes  by personnel  a t  t h e  F o r e s t r y  Remote 



Sensing Labora to ry  (FRSL). For  each l o c a t i o n  i n  which our  group has had 

exper ience, an  examina t ion  was made o f  t he  a v a i l a b i l i t y  o f  ground t r u t h  

data, t he  ex i s tence  o f  u s e f u l  mu l t i band  imagery and the  l e v e l  o f  coopera t ion  

between our  group and the  agency respons ib le  f o r  i n v e n t o r y i n g  o r  imanagi n g  

t he  resources f o r  t h a t  area. Th i s  process o f  s c r u t i n i z i n g  severa l  p o t e n t i a l  

s tudy  areas r e s u l t e d  i n  t he  s e l e c t i o n  o f  f i v e  p r i n c i p l e  s i t e s  f o r  i n v e s t i g a -  

t i o n  under t h i s  c o n t r a c t :  Yosemi t e  ( f o r e s t  resources) ,  Bucks Lake ( f o r e s t  

resources),  Davis ( a g r i c u l t u r a l  resources) ,  I m p e r i a l  V a l l e y  ( a g r i c u l t u r a l  

resources) and Phoenix-Mesa ( a g r i c u l  t u r a  1 resources) . See F i g u r e  1 .  

EXISTING MULTIBAND IMAGERY OF TEST SITES 

A g rea t  amount o f  mu l t i band  photography e x i s t s  o f  the  f i v e  t e s t  s i t e s  

se lec ted .  The f o l l o w i n g  d i scuss ion  p rov ides  i n f o r m a t i o n  on b o t h  t h e  type  and  

h i s  t o r y  o f  a c q u i s i t i o n  o f  t h i s  photography. 

The p o t e n t i a l  usefu lness o f  mu l t i band  photography was recognized l ong  

be fo re  adequate a e r i a l  camera equipment became a v a i l a b l e  f o r  t a k i n g  such 

photography. Dur ing  these e a r l y  stages o f  technique development, t he  sesea rcher  

was f o r ced  t o  use m u l t i p l e  f l i g h t  pa th  photography i n  h i s  i n v e s t i g a t i o n s .  

Merely by hav ing  an a i r c r a f t  make success ive passes over  t he  same p o i n t  on 

t he  ground and by changing e i t h e r  t he  f i l m  type o r  f i l t e r  on each pass,  

s u i t a b l e  mu l t i band  photographs were ob ta ined  f o r  exper imenta l  purposes, 

Mu l t iband  photos procured i n  t h i s  manner were taken o f  severa l  w i  l d l a n d  areas 

i n  the western U n i t e d  S ta tes .  Among the  f i r s t  areas i n  which ex tens i ve  research 

was performed u s i n g  t h i s  k i n d  o f  photography was the  Bucks Lake t e s t  s i t e  i n  

no r t he rn  Cal i f o r n i a .  However, the  use fu lness  o f  mu1 t i  band photography ob- 

t a i ned  i n  t h i s  manner was obv ious l y  l i m i t e d  due t o  problems o f  image c a l i b r a -  

t i o n ,  l a c k  o f  geometr ic  c o m p a t i b i l i t y ,  and temporal i ncons i s tanc ies .  Never- 



F igu re  1 .  F i v e  p r i n c i p a l  t e s t  s i t e s  were se lec ted  f o r  s tudy  i n  which a w i d e  
v a r i e t y  o f  f o r e s t  and a g r i c u l t u r a l  resource f ea tu res  and condi t ions  
were p resen t .  



t he less ,  these e a r l y  exerc ises  i n  ga the r i ng  mu l t i band  data as w e l l  as the  

images themselves p rov ided  an e x c e l l e n t  o p p o r t u n i t y  t o  i n v e s t i g a t e  mu l t i band  

techniques, and the resu l  t i  ng data were used extens i v e l y  f o r  demonstrat ive 

purposes . 
Many o f  the  d i f f i c u l t i e s  assoc ia ted  w i t h  u s i n g  m u l t i p l e  f l i g h t  p a t h  

mu l t i band  photography (costs,  r e g i s t r a t i o n ,  t im ing ,  e t c . )  were overcome 

mere ly  by mount ing a  frame camera i n  a  r i g i d  p o s i t i o n  on a  s t a t i o n a r y  p i a t -  

form and t a k i n g  mu1 t i b a n d  photos o f  a  t a r g e t  a r r a y  ar ranged beneath the  camera 

s t a t i o n .  I n  t h i s  way, and i n  l i e u  o f  s u i t a b l e  a i r b o r n e  mu l t i band  equipment, 

photos u s i n g  any number o f  f i l m / f i l t e r  combinat ions were made o f  e x a c t l y  the  

same ground area w i t h  j u s t  a  few seconds e l a p s i n g  between exposures. Thus, 

mu l t i band  photos which a r e  geome t r i ca l l y  i d e n t i c a l  were q u i c k l y  and economica l ly  

obta ined.  

Our group has used t h i s  method o f  image a c q u i s i t i o n  w i t h  good r e s u l t s ,  

p a r t i c u l a r l y  a t  t he  Yosemite and Davis t e s t  s i t e s .  The G l a c i e r  P o i n t  Over- 

look, 3,000 f e e t  v e r t i c a l l y  above t h e v a l l e y  f l o o r ,  was t he  i dea l  camera s t a -  

t i o n  a t  Yosemite, w h i l e  the ca twa l k  on a  150- foot  water  tower p rov ided  a n  

excel  l e n t  p l a t f o r m  a t  Davis.  Tone s i gna tu res  de r i ved  f rom mu l t i band  images 

taken f rom these camera s t a t i o n s  f o r  bo th  n a t u r a l  ob jec t s  ( s o i l s ,  crops and 

f o r e s t  types) and a r t i f i c i a l  t a r g e t s  ( c o l o r  panels, grey sca les  anci models) 

were analyzed and the r e s u l t s  f rom these s t u d i e s  have been repo r ted  (Colwel l 

e t  a1 1965, 1966; Co lwe l l  and Lent,  1967; and Carneggie e t  a1 ., 1967). - -. 3 

P r i o r  t o  the  development o f  a  r e l i a b l e  m u l t i l e n s  camera, mu l t i band  

photography cou ld  be exper imented w i t h  b u t  i t s  usefu lness c o u l d  no t  e a s i l y  

be t es ted .  A major  s t e p  was taken towards t e s t i n g  theory  when the e a r l y  models 

o f  m u l t i l e n s  cameras (e.g., t he  I t e k  Co rpo ra t i on ' s  9- lens camera, U n i v e r s i t y  

o f  M ich igan 's  16-lens camera, and C a r t w r i g h t  A e r i a l  su rveys '  4- lens spectso-  



zonal  camera) were f a b r i c a t e d .  F u r t h e r  exper imenta t ion  w i t h  these systems 

l e d  t o  t he  des ign and implementat ion o f  a  h i g h l y  c o n t r o l l e d  mu l t i band  ex- 

per iment  i n  1967. 

Dur ing t he  summer season, 1967, mu1 t i b a n d  a e r i a l  photography h/as taken 

o f  t he  Bucks Lake and Davis t e s t  s i t e s  u s i n g  an o p t i c a l l y  and geome t r i ca l l y  

c a l i b r a t e d  4- lens m u l t i s p e c t r a l  camera developed by personnel o f  the Science 

and Eng ineer ing  Group a t  Long I s l a n d  U n i v e r s i t y  (LIU) . Concurrent  \n / i  t h  these 

o v e r f l  i gh t s ,  f i e l d  crews gathered d e t a i  l e d  ground t r u t h  i n f o r m a t i o n  on a g r i c u l -  

t u r a l  crops and f i e l d  c o n d i t i o n s  a t  Davis, and on  v e g e t a t i o n / s o i l  types a t  

Bucks Lake. 

RESULTS FROM PREVIOUS EXPERIMENTS 

Ana l ys i s  o f  the 1967 mu1 t i  band photography r e a f f  i rmed the  conc l  us ions 

de r i ved  from prev ious exper iments t h a t ,  depending upon t h e  complex i t y  o f  

i n f o r m a t i o n  des i red,  accura te  i n t e r p r e t a t i o n  o f  a  s i n g l e  photo image can be a 

ted ious  and d i f f i c u l t  task.  Moreover, consc ien t ious  a t tempts  a t  the  i n t e r -  

p r e t a t i o n  o f  mu l t i band  imagery, taken by sens ing  i n  severa l  d i f f e r e n t  s p e c t r a l  

bands and acqu i red  on severa l  d i f f e r e n t  dates o f  l a r g e  a g r i c u l t u r a l  or f o r e s t e d  

area, soon sa tu ra tes  t he  human mind. As the complex i t y  o f  tone s i gna tu res  

increases and the v o l  ume o f  data accumulates, conven t iona l  i n t e r p r e t a t  i on  

processes soon b reak  down. These s t u d i e s  aga in  emphasized t h e  need f o r  

develop ing a  means o f  f a c i  1 i t a t i n g  the  photo i n t e r p r e t e r s '  t a s k  whi le  work ing  

w i t h  mu1 t i  band photography. 

Among t h e  advanced techniques be ing  pursued f o r  the  purpose o f  a l l e v i a -  

t i n g  these i n t e r p r e t a t i o n  problems i s  a d d i t i v e  c o l o r  image enhancement. For  

the technique t o  be success fu l ,  however, i t  i s  e s s e n t i a l  t h a t  each frame of 

imagery taken o f  t he  same area have i d e n t i c a l  o r i e n t a t i o n  and geometry. T h i s  



requirement was f u l f i l l e d  i n  1967 when imagery was ob ta ined  w i t h  t he  LIU bore- 

s i g h t e d  m u l t i l e n s  camera. T h e o r e t i c a l l y ,  by combining mu l t i band  da ta  i n  

superimposed form, any number o f  images (two, t h r e e  o r  f o u r  sometimes be ing  t he  

o p t  imum) can be viewed s  imul taneous l y ,  and m i  nute tone d i f f e r e n c e s  Getween 

o b j e c t s  o f  i n t e r e s t  can be enhanced and presented t o  t h e  image a n a l y -  c t  as 

un ique c o l o r  d i f f e r e n c e s  i n  the  composite image. The l a t t e r  aspect  o f  t h i s  

technique e x p l o i t s  the  a b i l i t y  o f  the  human eye t o  pe rce i ve  a  tremendous 

number o f  v a r i a t i o n s  i n  c o l o r  as compared t o  r e l a t i v e l y  few v a r i a t i o n s  i n  

black-and-whi t e  (B/W) tones. 

The procedure used t o  make a d d i t i v e  c o l o r  image enhancements w i t h  t h e  a i d  

of  an o p t i c a l  combiner a t  t h e  FKSL can be summarized as f o l l o w s :  ( 1 )  B/W multiband 

photos o f  an area a r e  ob ta ined  s imu l taneous ly  i n  each o f  severa l  s p e c t r a l  

bands; (2) a  l a n t e r n  s l i d e  i s  made f rom each o f  these photos; (33 by nieans of 

a  m u l t i p l e  p r o j e c t o r  system, the  mu l t i band  photos a r e  o p t i c a l l y  combined i n  

common r e g i s t e r  on to  a  r e f l e c t i n g  o r  r ea r - v i ew ing  screen; and (4 )  by i n s e r t  i ng 

a co lo red  a b s o r p t i o n  f i 1 t e r  i n t o  the  o p t i c a l  pa th  o f  each p r o j e c t e d  image, a 

s i n g l e  f a l s e - c o l o r  composite image i s  c rea ted .  

The LIU mu l t i band  viewer,  on which many o f  the  f a l s e - c o l o r  images seen 

i n  t h i s  r e p o r t  were made, embodies t he  a d d i t i v e  c o l o r  p r i n c i p l e s  i n  a console  

which d i sp lays  a  r e a r - p r o j e c t i o n  screen t o  the  ope ra to r .  Th is  dev ice i s  unique 

i n  t h a t  i t  u t i l i z e s  t he  p r e - r e g i s t e r e d  se ts  o f  mu l t i band  photos taken on one 

r o l l  o f  f i l m  i n  t he  LIU mu l t i band  camera. R e g i s t r a t i o n  i s  e a s i l y  ma in ta ined  

as the  ope ra to r  proceeds from one mu1 t i band p r e s e n t a t i o n  t o  the  next,  

ACQUISITION OF NEW MULTIBAND IMAGERY 

Resu l ts  f rom a l l  p rev ious  s tud ies ,  i n c l u d i n g  conc lus ions drawn from the 

1967 experiment,  i n d i c a t e  t h a t  c u r r e n t  techniques used i n  t h e  a c q u i s i t i o n  and  

i n t e r p r e t a t i o n  o f  mu1 t i  band photography must be q u a n t i t a t i v e l y  eva luated,  En 
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p r i o r  s t ud ies ,  p r i m a r i l y  q u a l i t a t i v e  comparisons had been made o f  the i n t e r -  

p r e t a b i  1 i t y  o f  t he  var ious  combinat ions o f  mu1 t i b a n d  and c o l o r  r-econst i t u t e d  

photos. 

The purpose o f  the 1969 mu l t i band  photo exper iment r epo r ted  on h e r e i n  

was t o  q u a n t i t a t i v e l y  t e s t  the  a b i  1 i t y  o f  a photo i n t e r p r e t e r  t o  e x t r a c t  

u s e f u l  resource i n f o r m a t i o n  f rom mu l t i band  imagery presented t o  him i n  a 

number o f  d i f f e r e n t  ways. I n  o rde r  t o  accompl ish t h i s  task, i t  was necessary 

t o  procure a l a r g e  number o f  mu l t i band  photos o f  severa l  areas w i t h i n  each 

t e s t  s i t e .  Again, as was the  case i n  1967, t h e  LIU equipment was used t o  

acqui  r e  the  necessary mu1 t i  band photography. The photo miss ions were planned 

i n  such a way t h a t  a l a r g e  number o f  resource f ea tu res  o r  c o n d i t i o n s  o c c u r r i n g  

i n  each t e s t  s i t e  would be imaged on the photography, a l l o w i n g  a s u f f i c i e n t  

sample s i z e  f o r  i n t e r p r e t e r s  t o  be t r a i n e d  and f o r  an unbiased t e s t  o f  the 

i n t e r p r e t a b i  1 i t y  o f  t he  imagery. 

Dur ing  the  t h i r d  week i n  Ju l y ,  1969, predetermined f l i g h t  l i n e s  were 

f l own  a t  each o f  the f i v e  s e l e c t e d  t e s t  s i t e s  w i t h  t he  LIU equipment. Tab le  

1 gives i nforrnat ion on the  t h r e e  camera/f i 1 t e r  c o n f i g u r a t i o n s  used d u r i n g  

these o v e r f l  i gh t s .  I n  a d d i t i o n  t o  the  f o u r  broadband Kodak Wrat ten f i 8 t e r s ,  

which had been used i n  e a r l y  s tud ies  (Table 1,  C o n f i g u r a t i o n  3 ) ,  narrow 

band-pass f i l t e r s  manufactured f o r  t he  LIU camera were i n s t a l l e d  i n  se ts  o f  

f o u r  (Conf igura t ions  1 and 2, Table 1 ) .  Optimum a p e r t u r e  s tops and process- 

i n g  s p e c i f i c a t i o n s  were e s t a b l i s h e d  by LIU personnel i n  order  t o  provide 

negat ives on which corresponding images o f  grey s c a l e  t a r g e t s  have e s s e n t i a l l y  

t he  same d e n s i t y  and gamma i n  a l l  s p e c t r a l  bands. Mounted on t he  same a i r -  

c r a f t  and o p e r a t i n g  s imu l taneous ly  w i t h  the  mu l t i band  camera were two K-24 

a e r i a l  cameras hav ing  f o c a l  leng ths  o f  approx imate ly  7" and a 5'" X'Vfornat,  

I n  one o f  these cameras A e r i a l  Ektachrome f i  lm, w i t h  an a p p r o p r i a t e  haze-cut- 



TABLE 1. 1 9 6 9  4-LENS MULTIBAND PHOTOGRAPHY. 

CONFIGURATION FRAME SYMBOL PEAK A @ $ TRANS. % TRANS, 

H - K o d a k  W r a t t e n  8 9 B  
G - K o d a k  W r a t t e n  25 w i t h  I R  c u t - o f f  ( 3 0 1 )  
F - K o d a k  W r a t t e n  58 w i t h  I R  cu t - o f f  ( 3 0 1 )  
E - K o d a k  W r a t t e n  4 7 8  w i t h  I R  c u t - o f f  ( 3 0 1 )  



t i n g  f i l t e r ,  was exposed. The o t h e r  camera con ta ined  Ektachrome I n f r a r e d  f i l m  

w i t h  a  15 f i l t e r .  E f f o r t s  were made t o  bo re -s i gh t  mount these two cameras 

i n  such a  way as t o  c o i n c i d e  c l o s e l y  w i t h  the  o p t i c a l  a x i s  o f  the multiband 

camera sys tem. 

I n  a d d i t i o n  t o  the  LIU mu l t i band  exper iment,  two o t h e r  t e s t s  were e a r -  

r i e d  o u t  i n  1969 by members o f  the FRSL i n  the  Phoenix area;  one o f  these 

s t u d i e s  i s  c o n t i n u i n g  a t  p resen t .  On March 12, 1969, the  Apol lo 9 as t ronau ts ,  

i n  c o n j u n c t i o n  w i t h  the  SO65 mu1 t i b a n d  exper iment,  photographed t he  Phoenix 

t e s t  s i t e .  Resu l t s  de r i ved  f rom the a n a l y s i s  o f  t h i s  imagery have been 

recorded i n  t he  r e p o r t  e n t i t l e d  "An E v a l u a t i o n  o f  E a r t h  Resources U s i n g  

Apol l o  9 Photography" (Co lwe l l  e t  a l . ,  1969). Concurrent w i t h  the  A p s l  lo $3: 

m iss ion,  u l t r a - h i g h  a l t i t u d e  a e r i a l  photography was ob ta ined  o f  the p r i n c i p a l  

s tudy areas i n  Phoenix, and these f l i g h t s  have been r e c u r r i n g  up t o  t h e  p resen t  

t ime a t  approx imate ly  month ly  i n t e r v a l s .  These "h igh f l i g h t s ' '  a r e  providing 

a  means by which changes i n  image t ona l  c h a r a c t e r i s t i c s  due t o  seasonal 

v a r i a t i o n s  i n  c u l t i v a t e d  f i e l d s  can be c l o s e l y  c o r r e l a t e d  w i t h  c rop  types .  A 

s p e c i a l  r e p o r t  submi t ted  t o  NASA, e n t i t l e d  "Analys is  o f  Ea r th  Resources an 

Sequent ia l  H igh A l t i t u d e  Mu l t i band  Photographyi1 (Pe t t i nge r ,  1969), summarizes 

r e s u l t s  ob ta ined  d u r i n g  t he  1969 growing season. 

COLLECTION OF GROUND TRUTH CONCURRENT WITH AIRCRAFT OPERATIONS 

For  var ious  c a l  i b r a t e d  c o l o r  panels p laced  on t he  ground a t  each t e s t  

s i t e ,  and a l s o  f o r  s e l e c t e d  spots  where s p e c i f i c  vege ta t ion ,  s o i l  and rock  

types were exposed t o  the  a e r i a l  view, s p e c t r o r a d i o m e t r i c  measurements were 

made by LIU and FRSL personnel d u r i n g  the  t ime o f  image a c q u i s i t i o n ,  I n  

a d d i t i o n ,  the  s p e c t r a l  composi t ion o f  i n c i d e n t  s u n l i g h t  was measured. These 

data were used t o  a i d  i n  the  exposing, processing, and reprocess ing  Qi,e,, 

c a l  i b r a t i o n )  o f  the m u l t i  band imagery. 



Environmental  ground t r u t h  i n f o r m a t i o n  was c o l l e c t e d  i n  each t e s t  s i t e  

by FRSL personnel.  For  example, f o r  each f i e l d  w i t h i n  the a g r i c u l t u r a l  a reas ,  

c rop  category,  c rop  type  and c rop  c o n d i t i o n  were recorded. I n  t he  Phoenix 

area, we began c o l l e c t i n g  c rop  data as e a r l y  as March 1969 and have been 

c o l l e c t i n g  i t  on an approximate monthly bas is  eve r  s ince .  

DELIVERY OF I M G E R Y  FROM LIU TO THE UNIVERSITY OF CALIFORNIA AT BERKELEY (UCB) 

A l l  mu l t i band  photography ob ta ined  d u r i n g  t he  summer o f  1969 was 

p rec is ion-p rocessed  i n  accordance w i t h  c u r r e n t  s t a t e - o f - t h e - a r t  techniques 

t o  produce the h i ghes t  qua1 i t y  negat ives poss ib le .  The negat ives were exami ned 

by LIU personnel and exac t  s p e c i f i c a t i o n s  g i ven  i n  terms o f  gamma, 'ID" "ax.. 

and "D" min. ,  f o r  making p o s i t i v e  t ransparenc ies  t o  be used i n  the  i n te rp reka -  

t i o n  t e s t s  (see Table 2 ) .  The A e r i a l  Ektachrome and Ekta Aero I n f r a r e d  f i l m s  

were processed t o  p o s i t i v e  t ransparenc ies  a t  the LIU l a b  and were t empora r i l y  

r e t a i n e d  by t h a t  f a c i  1 i t y .  

Accord ing  t o  t he  o r i g i n a l  c o n t r a c t  schedule, d u p l i c a t e  p o s i t i v e  B/W 

t ransparenc ies  were t o  be d e l i v e r e d  f rom LIU t o  UCB no l a t e r  than August 27, 

1969. Image enhancement and i n t e r p r e t a t i o n  t e s t i n g  was t o  f o l l o w  immediate ly .  

However, ass i s tance  i n  making the p o s i t i v e  t ransparenc ies  was requested by 

LIU; hence t he  o r i g i n a l  negat ives were sen t  on October 3, 1969, t o  NASA/MSC, 

where p o s i t i v e  t ransparenc ies were made on a  Niagara p r i n t e r .  An a d d i t i o n a l  

delay i n  making the  p o s i t i v e  t ransparenc ies  was encountered a t  the  hlASA/MSC 

photo l a b  due t o  an unavoidably  heavy work load assoc ia ted  w i t h  the  Apo l  lo 1 1  

miss ion.  The FRSL rece ived  one s e t  o f  p o s i t i v e  t ransparenc ies  on February 

19, 1970, a  date s i x  months l a t e r  than  o r i g i n a l l y  a n t i c i p a t e d .  Consequently, 

a  request  t o  extend the  comple t ion  date f o r  t h i s  c o n t r a c t  was made. The re -  

v i s e d  c o n t r a c t  comple t ion  da te  was then des igna ted  December 31, 19701, 
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TABLE 2. INSTRUCTIONS FOR PRINTING POSITIVE TRANSPARENCIES. 

1. Process the  p o s i t i v e  t o a  gamma o f  2 . 0  - + . l o .  

2 .  Basic  exposure must be such t h a t  t he  s t e p  marked w i t h  a n  
a r row a t  the  beg inn ing  o f  each r o l l  i s  reproduced i n  t h e  
p o s i t i v e  w i t h  a d e n s i t y  o f  .80 - + .05. 

3. The exposure o f  each reco rd  must be i n d i v i d u a l l y  a d j u s t e d  
by p l o t t i n g  n e u t r a l  d e n s i t y  f i l t e r s  ( t abu la ted  below) i n  
the  p r i n t i n g  system i n  such a way as t o  h o l d  back t h e  
proper  amount o f  1 i g h t  f rom each record.  

ROLL # FRAME # RECORD 1 RECORD 2  RECORD 3 RECORD 4 



EXPERIMENTAL DES I G N  

The a v a i l a b i l i t y  o f  (1) h i g h  q u a l i t y  mu l t i band  photography, (2) corn- 

prehensive ground t r u t h  i n f o r m a t i o n  c o l l e c t e d  a t  the  t ime of the  o v e r f l i g h t s ,  

and (3 )  a  l a r g e  group o f  s k i  1 l e d  and semi-s k i  1  l e d  pho to  i n t e r p r e t e r s  here a t  

the FRSL prov ided  the  components f o r  q u a n t i t a t i v e  t e s t s  t o  be r u n  on  the  

r e l a t i v e  i n t e r p r e t a b i  1 i t y  o f  va r ious  image types and, i n  one case, i n t e r p r e t e r  

performance as i t  r e l a t e s  t o  s k i 1  1 .  

Photc i n t e r p r e t a t i o n  t e s t  r e s u l t s  were d e r i v e d  f rom var ious  types o f  

s ing le-band and mu l t i band  imagery f o r  each o f  severa l  resource i nven to ry  

problems a t  f i v e  d i f f e r e n t  t e s t  s i t e s .  A  complete d e s c r i p t i o n  o f  t he  individual 

i n t e r p r e t a t i o n  t e s t s  performed on imagery o f  a  p a r t i c u l a r  t e s t  s i t e  is presented 

i n  t he  f o l l o w i n g  sec t i ons .  

The r e s u l t s  o f  the  photo i n t e r p r e t a t i o n  t e s t s  were expressed as bo th  

percen t  c o r r e c t  and percen t  commission e r r o r :  

number o f  c o r r e c t  i n t e r p r e t a  t i ons 
o f  a  resource type  

Percent c o r r e c t  = 
t o t a l  number o f  a  resource type 

X 100 

p resen t  

number of  i n c o r r e c t  i n t e r p r e t a t  ions 
o f  a  resource type  

Percent commission e r r o r  = 
t o t a l  number o f  a  resource type 

X I00 

i n d i c a t e d  by t he  i n t e r p r e t e r  

I n  severa l  ins tances the r e s u l t s  were analyzed f o r  t h e  t o t a l  resources o f  a n  

area (e -g . ,  t o t a l  c rop land,  a1 1 t r ees  by spec ies,  e t c . ) .  For  these cases, 

t e s t  r e s u l t s  were expressed o n l y  as percen t  c o r r e c t .  

I n t e r p r e t a t i o n  t e s t  r e s u l t s  were analyzed u s i n g  a  one-way a n a l y s i s  of 

var iance  (ANOVA). The s t a t i s t i c a l  model used was 



i = 1,2,. . . , k (groups, i .e., image types) 

j = 1,2, ..., n ( r e p l i c a t i o n s ,  i.e., photo 
i n t e r p r e t e r s ) ,  

where i s  t he  general  mean, d. i s  the main t rea tment  o r  image t y p e  e f f ec t ,  and 

& i s  t he  exper imenta l  e r r o r .  
i j  

I n d i v i d u a l  pho to  i n t e r p r e t e r s  were randomly se lec ted  f rom a pool of 15 

persons employed by the FRSL and ass igned t o  one o f  the  image type groups 

be ing  t e s t e d  (see Tab le  3 ) .  For  the  Yosemi t e  and Bucks Lake t e s t s ,  however, 

the i n t e r p r e t e r s  were s u b j e c t i v e l y  pooled i n t o  groups so  t h a t  the  v a r i a t i o n  

o f  i n t e r p r e t e r s '  s k i l l  w i t h i n  each group would be as equal as poss ib l e ,  These 

groups were then randomly ass igned t o  the  image types be ing  t es ted ,  

The hypotheses t e s t e d  were: 

I n  t he  event  t h a t  the  nu1 l hypothes is  was accepted ( i  .e., the  computed F r a t i o  

was less  than the  t h e o r e t i c a l  F r a t i o ) ,  i t  was concluded t h a t  d i f f e r e n c e s  between 

the image t ypes f  means were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  and hence the t e s t  

r e s u l t s  were no t  s t a t i s t i c a l l y  ranked. However, i f  the  n u l l  hypothes is  was 

r e j e c t e d  ( i .e. ,  the  computed F r a t i o  was g rea te r  than t he  t h e o r e t i c a l  F r a t i o )  

i t  was concluded t h a t  t h e r e  were s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between 

the  image t ypes r  means, and these means were then  ranked u s i n g  Duncan" sew 

m u l t i p l e  range t e s t  (see F igu re  2 ) .  

Duncan's new m u l t i p l e  range t e s t  i s  a comparison among t rea tment  means, 



TABLE 3. SAMPLE TABLE OF INTERPRETER ASSIGNMENTS . 
Th i s  sample t a b l e  demonstrates how 15 photo i n t e r p r e t e r s  
m igh t  be ass igned t o  d i f f e r e n t  image t ype  groups (Pan-25, 
I n f r a r e d  Ektachrome, Ektachrome, Enhancement 1, Echancement 
2) f o r  t e s t i n g  purposes. The group means (i .e., X25, )?IRE, 
e t c . )  a r e  then compared w i t h  t he  o v e r a l l  mean by a n a l y s i s  o f  
va r i ance .  

' PAN-25 EKTA AERO I R  
AERIAL 

EKTACHROME ENHAN 1 ENWAN 2 



F EMA2Y:Q.E. I . V .  P E R C E N T  C O R R E C T  A L L  CRf]P  

E h!TER NO* OF GPOtIPS: S 
F NTFFI 'IN (3I :DEK T H E  NO. OF O R S E R \ ) A T I O N S  I N  E A C H  G T < O l l P :  
3 
3 
3 
3 
3 

97fih'D. DEV* 
+ . 2 2 9 1 3 7 7 ~ + ~ 1  IR - 25 
+. 62.3491 OEcM 1 Aeria l  Ek 
+.5006299E+@l Ek Aero IW 
+. 5797735E+01 Enh - A 
+.2421615E+01 Enh  - B 

TOTAL 
+nB014 

T O T A L  
+. 4691995E+03 

F i g u r e  2.  Th is  computer p r i n t o u t  example shows the ANOVA c a l c u l a t i o n s  made f o r  
"PERCENT CORRECT ALL CROPtt f rom the  I m p e r i a l  Val l e y  tes"rresuB"r A l  l 
ANOVA c a l c u l a t i o n s  were made i n  thel'in-housel'computer a t  t h e  FRSL. 
Note t h a t  the  computed F r a t i o  --2.89-- is g rea te r  than the  t h e o r e t i c a l  
F ra t io - -2 .61- - fo r  4, 10 degrees o f  freedom a t  t he  .I0 s i g n i f i c a n c e  
l e v e l .  I t  was concluded t h a t  the above means were s t a t i s t i c a l l y  
d i f f e r e n t ,  and they were subsequent ly ranked us ing  t he  Duncan" sew 
m u l t i p l e  range t e s t .  
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p a r t i c u l a r l y  noni  ndependent comparisons. The procedure f o r  t h i s  t e s t  i s  as 

f o l l ~ o w s  : 

1 .  Determine S- = dmean square e r r o r / n  X 

2.  From t h e  t a b l e  o f  S i g n i f i c a n t  S tuden t i zed  
Range, e x t r a c t  "pp"--the s i g n i f i c a n t  s t u d e n t i z e d  
ranges o r  SSR--appl icable t o  t he  number o f  means 
t o  be compared a t  t h e  d e s i r e d  p r o t e c t i o n  l e v e l .  
For  example, i f  f o u r  means a r e  t o  be i nvo l ved  
i n  a  comparison, t h r e e  va lues w i l l  be taken 
f rom t h e  t a b l e .  

3. Compute the  l e a s t  s i g n i f i c a n t  ranges (LSR):  

LSR = SX x  SSR 

4. Rank the  means t o  be compared i n  i nc reas ing  o r d e r .  

Tes t  t h e  d i f f e r e n c e s  o f  t he  ranked means i n  the  
f o l  l ow ing  o rde r :  l a r g e s t  m i  nus smal l e s t ,  l a r g e s t  
minus second sma l l es t ,  ..., l a r g e s t  minus second 
l a r g e s t ;  and so  on down t o  second smal l e s t  m i  nus 
s m a l l e s t .  I f  these d i f f e r e n c e s  prove t o  be 
l a r g e r  than  t h e i r  r e s p e c t i v e  LSR va lue,  t he  d i f -  
ferences a r e  dec la red  s i g n i f i c a n t  and can be 
ranked a c c o r d i n g l y  (S tee l  and T o r r i e ,  1960). 

I n  a d d i t i o n  t o  the  ANOVA t e s t i n g ,  a s t a t i s t i c a l  t e s t  was c a r r i e d  out for 

t h e  I m p e r i a l  Val l e y  t e s t  s i t e  t o  compare t he  t e s t  r e s u l t s  o f  two groups of 

photo i n t e r p r e t e r s .  Group 1 c o n s i s t e d  o f  t h r e e  i n t e r p r e t e r s  ran~domly seilected 

f rom t h e  15-man poo l .  Group 2 was comprised o f  those t h r e e  i n t e r p r e t e r s  

s e l e c t e d  f rom the  remainder o f  t he  pool  which were cons idered  the  m o s t  pro--  

f i c i e n t  a t  i n t e r p r e t i n g  a g r i c u l t u r a l  phenomena on remote sens ing  imagery, 

Both groups were g i ven  i d e n t i c a l  imagery taken  f rom t h e  a g r i c u l t u r a l  a r e a  a t  

I m p e r i a l  V a l l e y  and t h e  groups '  means f o r  "percent  c o r r e c t  a l l  c rop land"  were  

compared. 

The hypo thes is  t e s t e d  was: 



H, : P I  - p 2  ( O  

The t e s t  s t a t i s t i c  was: 

where = X I  - f and S -  i s  c a l c u l a t e d  f rom the  pooled Group 1 and Group 2 
2 9 D 

va r iances .  

I f  the nu1 1 hypothes is  i s  accepted (i .e., the computed "t" va lue  is 

g rea te r  than the  t h e o r e t i c a l  "t" va lue) ,  i t  would be concluded t h a t  s e l e c t i n g  

t he  most p r o f i c i e n t  i n t e r p r e t e r s  was unnecessary, i n  t h a t  t he  i n t e r p r e t a t i o n  

r e s u l t s  were no t  s i g n i f i c a n t l y  b e t t e r .  

I f  t he  n u l l  hypothes is  i s  r e j e c t e d  ( i .e , ,  the  computed "t" va lue  i s  

less  than t he  t h e o r e t i c a l  'It" va lue)  i t  would be concluded t h a t  the  group 

o f  p i cked  s k i l l e d  i n t e r p r e t e r s  was b e t t e r  a b l e  t o  es t ima te  t he  des i r ed  param- 

e t e r s  on the  imagery than  the  group o f  randomly s e l e c t e d  i n t e r p r e t e r s .  

The s i g n i f i c a n c e  l e v e l  f o r  hypothes is  t e s t i n g  was chosen a t  10 percent 

(0.1) and the p r o t e c t i o n  l e v e l  f o r  the  Duncan's new m u l t i p l e  range t e s t  was 

chosen a t  90 percent .  Genera l l y  speaking, t h i s  i s  a  somewhat h i g h  s i g n i f i c a n c e  

l e v e l  a t  which t o  t e s t  hypotheses,and t he  occurrence o f  Type I e r r o r  (rejecting 

t he  n u l l  hypothes is  when i t  i s  t r u e )  i s  acco rd ing l y  high. However, i t  was 

decided t h a t  i t  would be more d e s i r a b l e  t o  min imize the occurrence o f  Type I1  

e r r o r  (accep t ing  the nu1 l hypothes is  when the  a1 t e r n a t i v e  hypothes is  i s  true) 

i n  o rde r  t o  maximize the power o f  the t e s t .  I n  t h i s  way the  f a i l u r e  t o  recogn ize  

s i g n i f i c a n t  d i f f e r e n c e s  between means would be min imized a t  the  expense of 

d e c l a r i n g  some homogeneous means s i g n i f i c a n t l y  d i f f e r e n t .  

The o p t i c a l  d e n s i t y  data measured w i t h  the  a i d  o f  a  dens i tometer  were 

analyzed a t  s i g n i f i c a n c e  and p r o t e c t i o n  l e v e l s  o f  5 percen t  and 95 percent, 



r e s p e c t i v e l y .  S ince  the v a r i a t i o n  i n  the  dens i tometer  readings f o r  a p a r t i c -  

u l a r  c rop  i s  much less  than the  v a r i a t i o n  o f  human photo i n t e r p r e t a t i o n  t e s t  

r e s u l t s ,  the occurrence o f  Type I e r r o r  was reduced and the  power o f  t h e  t e s t  

s t i l l  remained a t  an  accep tab le  l e v e l .  

INTERPRETATION TESTS AND TEST RESULTS 

FOREST RESOURCES 

Yosemi t e  Val l e y  Tes t  S i t e  

Tes t  Set -up.  I n  J u l y  1969, the  LIU group ob ta ined  mu1 t i b a n d  photography 

of one o f  the  f o r e s t r y  s tudy areas--Yosemi t e  Va l  ley ,  Cal i f o r n i a .  T h i s  a r e a  was 

se!ected f o r  t e s t i n g  mu l t i band  photographic  techniques as a p p l i e d  t o  a common 

f o r e s t  i nven to ry  problem, t r e e  species and t r e e  type  i d e n t i f i c a t i o n .  The 

f l o o r  o f  the  v a l l e y  i s  an i dea l  s i t e  f o r  t e s t i n g  purposes s i nce  i t  is a s i m p l e  

f o r e s t  environment c o n s i s t i n g  o f  l e v e l  t e r r a i n ,  deep r i c h  a l l u v i a l  s o i l s  a n d  a 

mixed c o n i f e r  f o r e s t  cover type. Large numbers o f  f o u r  major t r e e  s p e c i e s  (see 

F i g u r e  3) a r e  d ispersed  throughout  the  area i n  dense mixed stancis: ponderosa 

p i  ne ( P i  nus ponderosa) , Ca 1 i f o r n i  a i ncense cedar 

Cal i f o r n i a  b l a c k  oak (Ouercus ke l  l o q g i  i), and b l a c k  cottonwood @ 

carpa) . 
F i v e  s e t s  o f  images, i l l u s t r a t e d  i n  F igures  4 through 8, were  s e l e c t e d  

f o r  t e s t  i ng--two se t s  o f  s i ngle-band photos (IR-301+25 and IR-89B) a n d  t h r e e  

s e t s  o f  mu l t i band  photos (Ekta Aero I n f r a r e d ,  Enhancement X and Enhancement 

Y ) .  Enhancement X was made by o p t i c a l l y  combining t h ree  narrow band-pass 

f i l m / f i l t e r  combinat ions. Three images w i t h  peak t ransmiss ion  a t  wave lengths  

o f  553 nanometers, 682 nanometers and 754 nanometers were p r o j e c t e d  t h r o u g h  red,  

b l u e  and green f i l t e r s ,  r e s p e c t i v e l y .  Enhancement Y (broad band) was made by 



F i g u r e  3 .  A p o r t i o n  o f  t h e  ground da ta  f o r  t h e  Yosemite V a l l e y ,  C a l i f o r n i a ,  
s t u d y  a r e a  i s  shown he re .  I n d i v i d u a l  t r e e s ,  c o r r e c t l y  i d e n t i f i e d  
as t o  spec ies  by ground o b s e r v a t i o n ,  a r e  l o c a t e d  by a r r o w  and  nun- 
b e r .  A t o t a l  p o p u l a t i o n  o f  277 t r e e s  was s e l e c t e d  f o r  s t u d y ;  27 
t r e e s  a r e  shown he re :  

Ponderosa p i n e :  117, 124, 129, 131, 132, 1 3 3 ,  134, 137,  138, 139 

C a l i f o r n i a  b l a c k  oak: 1 1 3 ,  114, 115, 116, 118, 119, 120, 121, 122,  
123, 125, 126, 127, 128, 130, 135, 136 
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o p t i c a l l y  combining IR-301+58, IR-301+25 and IR-89~ images p r o j e c t e d  through 

green, green and red  f i l t e r s ,  r e s p e c t i v e l y .  

I n  o rder  t o  o b t a i n  a  re1 i a b l e  measurement o f  i n t e r p r e t e r  v a r i a b i  l i ty, each 

s e t  o f  imagery was examined by f i v e  t o  s i x  i n t e r p r e t e r s .  A s e t  o f  images con- 

s  i s t e d  o f  two separate photos i n  p r i n t  form, f rom which t he  i n t e r p r e t e r  was 

asked t o  i d e n t i f y  t he  species o f  a  t o t a l  o f  277 i n d i v i d u a l  t r ees .  

Tes t  Resu l ts .  The r e s u l t s  of  t he  Yosemite V a l l e y  t e s t s  and subsequent 

s t a t i s t i c a l  analyses a r e  presented i n  Tables 4 and 5.  One obvious eoncBusion 

t h a t  can be drawn f rom these data i s  t h a t  accura te  species i d e n t i f i c a t i o n  was 

n o t  p o s s i b l e  on the  imagery t es ted ;  however, accura te  type i d e n t i f i c a t i o n  

(hardwood vs.  c o n i f e r )  c o u l d  be accomplished. Only one species,  b l a c k  oak, 

was i d e n t i f i e d  w i t h  an accep tab le  l e v e l  o f  accuracy (78.6 percen t ) .  T h i s  

i d e n t i f i c a t i o n  was accompl ished s i g n i f i c a n t l y  b e t t e r  on  t he  Ekta Aero I n f r a r e d  

photos. I n  n e a r l y  a l l  the cases shown i n  Table 4, percen t  c o r r e c t  i d e n t i f i c a -  

t i o n  was low and percen t  commission e r r o r  was h igh ,  i n d i c a t i n g  t h a t  t he  

i n t e r p r e t e r s  were no t  a b l e  t o  i d e n t i f y  t he  spec ies o f  each t r e e .  Never the less,  

i n  p r a c t i c a l l y  every case ( a l l  species combined o r  i n d i v i d u a l  spec ies ) ,  a form 

o f  mu1 t i b a n d  imagery p rov ided  the bes t  r e s u l t s  ( i  .e., h i ghes t  percen t  c o r r e c t  

and lowest percen t  commiss i o n  e r r o r )  and a  form o f  s ing le -band imagery p r o v i d e d  

the poores t  resu 1 t s  . 
D iscuss ion  o f  Resu l ts .  A 1  1 i n t e r p r e t e r s  commented t h a t  they  cou ld  no t  

c o n s i s t e n t l y  recognize t he  image c h a r a c t e r i s t i c s  t h a t  would a l l o w  ponderosa 

p ine  t o  be d i s c r i m i n a t e d  f rom incense cedar, and b l a c k  oak from b l a c k  co t t on -  

wood. Th i s  s i t u a t i o n  can bes t  be exp la i ned  i n  terms o f  t he  s p e c t r a l  r e f l e c -  

tance c h a r a c t e r i s t i c s  o f  each t r e e  spec ies .  For any p o p u l a t i o n  o f  con i fe rous  

t rees ,  such as p ines and cedars, t h e r e  i s  l i k e l y  t o  be g rea te r  v a r i a b i l i t y  i n  

t r e e  r e f l e c t a n c e  w i t h i n  a  s i n g l e  species than  between d i f f e r e n t  spec ies;  l i ke- 

wise, t he  same phenomenon occurs w i t h  t he  two broadleaf  spec ies,  oak and 
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cottonwood. Consequently, i t  i s  f r e q u e n t l y  imposs ib l e  t o  d i s c r i m i n a t e  one con- 

i f e r  f rom ano ther  o r  one hardwood f rom ano ther  based on comparisons o f  tone  

s i g n a t u r e  a lone.  However, t he  c o n i f e r  and hardwood groups have ve ry  d i s t i n c t  

and d i f f e r e n t  s p e c t r a l  c h a r a c t e r i s t i c s ,  and these d i f f e r e n c e s  can be e x p l o i t e d  

w i t h  p r o p e r l y  s e l e c t e d  and enhanced mu l t i band  photography. 

The i n t e r p r e t a t i o n  r e s u l t s  presented i n  Table  5 r e l a t i n g  t o  t r e e  t ype  d i s -  

c r i m i n a t i o n  i n d i c a t e  t h a t  i n  f o u r  o u t  o f  f i v e  t e s t s ,  t h e r e  were s i g n i f i c a n t  d i f -  

ferences i n  t h e  i n t e r p r e t a b i l i t y  o f  t h e  f i v e  k i nds  o f  t e s t  imagery. S p e c i f i c a l l y ,  

Enhancement "X", t h e  narrow band enhancement, gave s  i gn i  f i cant1 y  b e t t e r  percen t  

c o r r e c t  i d e n t i f i c a t i o n  r e s u l t s  f o r  con i f e rous  t r e e s  than t h e  remain ing f ou r  k i n d s  

o f  imagery. The t e s t  a l s o  showed t h a t  Enhancement "X" was s i g n i f i c a n t l y  b e t t e r  

f o r  c o n i f e r  i d e n t i f i c a t i o n  than t he  two s i n g l e  band images i n  terms o f  pe rcen t  

commission e r r o r  b u t  n o t  d i f f e r e n t  f rom t h e  mu l t i band  images. For  hardwood 

i d e n t i f i c a t i o n ,  t h e r e  were no d i f f e r e n c e s  between image types i n  terms o f  per -  

cen t  c o r r e c t ,  bu t  Enhancement X was s u p e r i o r  t o  Enhancement Y ,  I R - 8 9 ~  and 

IR-301+25 (bu t  s i m i l a r  t o  Ekta Aero I R )  i n  terms o f  pe rcen t  commission e r r o r ,  

When a l l  t r ees  i n  t h e  p o p u l a t i o n  were analyzed i n  terms o f  c o r r e c t  i d e n t i f i c a -  

t i o n ,  Enhancement X was aga in  s u p e r i o r  t o  Enhancement Y ,  IR-89B and IR-301+25, 

bu t  n o t  t o  Ekta Aero I n f r a r e d .  I n  a d d i t i o n ,  i n  every  case except  one ( c o n i f e r s ,  

pe rcen t  c o r r e c t )  t he  two types o f  s i n g l e  band imagery ranked lowest  f o r  t r e e  

t ype  i d e n t i f i c a t i o n ;  and Enhancement X ,  i n  a l l  cases except  two ( c o n i f e r s ,  pe rcen t  

commission e r r o r ,  and hardwoods, percen t  c o r r e c t )  ranked h i g h e s t  f o r  t h i s  purpose. 

Therefore,  i t  i s  p o s s i b l e  t o  conc lude f rom these da ta  t h a t  i f  o u r  t ask  

i s  t o  s e l e c t  t he  b e s t  t ype  o f  imagery f o r  t y p i n g  f o r e s t  v e g e t a t i o n  ( i  .e. ,  hard-  

woods vs. c o n i f e r s )  i n  t h e i r  midsummer s t a t e ,  we c o u l d  j u s t i f y  choos ing narrow 

band mu l t i band  imagery o f  t h e  t y p e  used i n  t h i s  exper iment s i n c e  i t  p rov i ded  as 

much i n f o r m a t i o n  as t h e  o t h e r  types o f  broad-band mu l t i band  imagery t e s t e d ,  and, 

i n  some instances,  was s u p e r i o r  t o  a l l  o t h e r  types o f  t e s t  imagery. 

3 3 



Bucks Lake Tes t  S i t e  

Tes t  Set-up. The Bucks Lake Tes t  S i t e  (NASA Tes t  S i t e  #20) i s  l o c a t e d  

i n  t he  h e a r t  o f  a  mixed c o n i f e r  f o r e s t  t ype  on  the  west s i d e  o f  the  S i e r r a  

Nevada Mountains i n  C a l i f o r n i a .  The v e g e t a t i o n  o c c u r r i n g  t h e r e  i s  a  complex 

f o r e s t  type which inc ludes  ma in l y  marketab le  and nonmarketable con i f e rous  

t r ees .  The l u s h  pe renn ia l  g rass land  meadows a r e  grazed by domest ic c a t t l e  and 

w i l d l i f e  a l i k e ,  and a long  the lakes and streams a r e  l oca ted  f a m i l y  campsi tes  

and o t h e r  wate r  spo r t s  developments. The area a l s o  comprises an  impor tan t  p a r t  

o f  t h e  Feather  R i v e r  watershed system; thus, i n f o r m a t i o n  r e l a t i n g  t o  the water  

resources i n  t h i s  area is e s s e n t i a l  t o  t he  t o t a l  p l a n  f o r  wa te r  u t i l i z a t i o n  i n  

the  s t a t e  of  C a l i f o r n i a .  The area c u r r e n t l y  i s  b e i n g  managed ma in ly  by t h e  

Fores t  Serv ice ,  USDA, and i n  p a r t  by p r i v a t e  owners. Students  and s t a f f  a t  

t he  U n i v e r s i t y  o f  Cal i f o r n i a  School o f  F o r e s t r y  and Conservat ion have observed 

and s t u d i e d  t h i s  area con t i nuous l y  f o r  over  50 years.  Because o f  the  abundance 

o f  prev ious knowledge about the  Bucks Lake area, i t  was i d e a l l y  s u i t e d  f o r  

be ing  a  f o r e s t l a n d  t e s t  s i t e  i n  which mu1 t i b a n d  remote sens ing  techniques 

cou 1 d be t e s t e d  . 
Q u a n t i t a t i v e  i n t e r p r e t a t i o n  t e s t s  were made i n  t h i s  area t o  determine 

the  usefu lness o f  d i f f e r e n t  types o f  mu l t i band  photography ( f l own  i n  J u l y ,  

1969) f o r  i d e n t i f y i n g  and mapping s i x  f o r e s t  resource types: (1) medium t o  

h i g h  dens i t y  t imber ,  (2) low d e n s i t y  t imber ,  (3) brush and/or d r y  s i t e  ha rd -  

woods, (4) r i p a r i a n  and/or meadow vege ta t i on ,  (5) bare s o i  1 and/or rock, and 

(6) water  bodies.  F i v e  s e t s  o f  images, shown i n  F igures  9  through 13, we re  

s e l e c t e d  f o r  t e s t i n g .  These s e t s  i nc l uded  two s e t s  o f  s ing le-band images 

(IR-301+25 and IR-89~) and t h r e e  se t s  o f  mu1 t i  band images (Color  Enhancements 

1, 2 and 3 ) .  Co lo r  Enhancement 1 ,  s i m i l a r  i n  appearance t o  images p r o d u c e d  

on Ekta Aero I n f r a r e d  f i l m ,  was ob ta ined  by o p t i c a l l y  combining I R - 8 9 ~ ,  
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IR-301+25, and IR-301+58 images p r o j e c t e d  th rough red, green and b l u e  f i l t e r s ,  

r e s p e c t i v e l y .  Enhancement 2 was made i n  a s i m i l a r  manner, w i t h  t h e  f o l l o w i n g  

combinat ion of  bands and f i l t e r s :  I R - 8 9 ~ - - b l u e  f i l t e r ;  IR-301+25--red filter; 

and IR-301+58--green f i l t e r .  Enhancement 3 was produced u s i n g  I R - 8 %  w i t h  a 

green f i l t e r ,  IR-301+25 w i t h  a red  f i l t e r ,  and IR-301+58 w i t h  a b l u e  f i l t e r .  

A s e t  o f  imagery cons i s ted  o f  two groups o f  two photos o r  t ransparenc ies  

each, i .e., f o u r  images per  s e t .  The two s ing le -band image se ts  were viewed 

i n  p r i n t  form, b u t  t he  t h r e e  mu l t i band  se t s  were viewed on  a r e a r - p r o j e c t i o n  

v iewer .  

The i n t e r p r e t e r s  were s u b j e c t i v e l y  pooled i n t o  groups o f  f o u r .  These 

i n t e r p r e t e r  groups were then asked t o  examine one group o f  images f rom 

each of  two se ts ,  i . e . ,  a d i f f e r e n t  image group f rom two d i f f e r e n t  se t s .  

Hence, each image group was viewed by each i n t e r p r e t e r  group o n l y  once. 

To t e s t  t he  accuracy wi t h  which the  s i x  f o r e s t  resource types eoul d be 

mapped, 240 rec tangu la r  areas, rang ing  f rom f i v e  t o  20 acres i n  s i z e ,  were 

chosen w i t h i n  the  f o u r  photos which made up a s e t .  A p o r t i o n  o f  these 240 

areas were used as t r a i n i n g  examples; the  remainder were examined and ca tego r i zed  

by t he  i n t e r p r e t e r s  (see F i g u r e  14).  The i n t e r p r e t e r s  were asked t o  determi ne 

i n t o  which f o r e s t  resource a p a r t i c u l a r  area f e l l .  (The mapping c r i t e r i a  f o r  

each resource type a r e  1 i s t e d  i n  Table 6.) Guide1 ines were p rov ided  t o  the 

i n t e r p r e t e r s  t o  a s s i s t  them when t he  s e l e c t e d  areas con ta ined  more than one 

resource type.  

Tes t  Resu l ts .  I n  comparison w i t h  the  o the r  t e s t  areas, the  t e s t  resu l t s  

f rom the  Bucks Lake area were very  good, i .e. ,  h i g h  percen t  c o r r e c t  and law 

percen t  commission e r r o r  (Table 7 ) .  Th i s  was due i n  p a r t  t o  t he  emphasis on 

i d e n t i f i c a t i o n  o f  p l a n t  types and no t  i n d i v i d u a l  spec ies.  I n  some cases t h i s  

h i g h  accuracy was due more t o  t he  resource be ing  ca tego r i zed  than  t o  the  



F i g u r e  14. A p o r t i o n  o f  t h e  Bucks Lake, C a l i f o r n i a ,  s t u d y  a rea  i s  shown here ,  
S e v e r a l  " t r a i n i n g "  areas ( c i r c l e d )  and t e s t  a reas  a r e  i n d i c a t e d ,  
The c o r r e c t  c l a s s i f i c a t i o n  o f  f o r e s t  resource  t y p e  w i t h i n  which 

each t e s t  c e l l  f a l l s  was done by on- the-ground o b s e r v a t i o n s .  These 
areas  wou ld  be c l a s s e d  as f o l  lows: 

189,217, 232: medium-high d e n s i t y  c o n i f e r ;  188: low d e n s i t y  
c o n i f e r ;  193, 205, 224: brush;  209, 221, 235: meadow and 
r i p a r i a n  v e g e t a t i o n ;  190, 195, 199: b a r e  s o i  1 o r  rock ;  196: 
wa te r .  



TABLE 6. FOREST RESOURCE TYPE MAPPING CRITERIA FOR BUCKS LAKE TEST S I T E ,  

The f o l l o w i n g  c r i  t e r a  were used by pho to  i n t e r p r e t e r s  t o  c a t e g o r i z e  the  t e s t  
areas as t o  resource type (f i ve -ac re  minimum mapping area)  

TYPE DESCRIPTION 

Medium-hiqh d e n s i t y  c o n i f e r :  The percen t  crown cover o f  
con i f e r s ,  regard less  o f  age o r  s i ze ,  i s  35 percen t  or 
more o f  the area. 

Low d e n s i t y  c o n i f e r :  The percen t  crown cover  o f  c o n i f e r s ,  
regard less  o f  age o r  s i ze ,  i s  more than  f i v e  percen t  and 
l ess  than  35 percen t  o f  the  area. 

Brush-Dry S i t e  Hardwood: The pe rcen t  ground cover o f  b r u s h  
and/or d r y  s i t e  hardwoods i s  60 percen t  o r  more o f  t h e  
area. However, types 1 and 2 take  precedence over  type 3 .  

4 Meadow - R i p a r i a n  Hardwoods: Inc ludes  b o t h  wet and d r y  
meadow s i t e s .  Types 1 and 2 take  precedence over  type 4 

5 Bare Soi 1 - Rock: The percen t  bare s o i l  and/or r o c k  i s  40 
percen t  o r  more o f  t h e  area. Types 1 and 2 take  precedence 
over  t ype  5. 

6 - Water: Any area o f  wa te r  g rea te r  than  f i v e  acres. 
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imagery type be ing  used. Th i s  becomes c l e a r  when examining the  t e s t  r e s u l t s  

by each resource type. 

D iscuss ion  o f  Resul ts .  

( 1 )  Medium-High Dens i ty  Con i f e r  and Low Dens i ty  C o n i f e r .  Both 

o f  these resource types had h i g h  percen t  c o r r e c t  i d e n t i f i c a t i o n  f o r  each image 

t ype  used, b u t  f o r  none o f  these types was t he  d i f f e r e n c e  i n  t e s t  r e s u l t s  

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the  t e n  percen t  l e v e l .  I t  would seem t h a t  these 

h i g h  accuracy l e v e l s  a r e  due t o  the  h i g h  r e s o l u t i o n  o f  a l l  the  imagery t e s t e d ,  

which makes i n d i v i d u a l  c o n i f e r s  e a s i l y  i d e n t i f i e d .  I n  a d d i t i o n ,  t h e r e  a r e  no 

resource types i n  the Bucks Lake area which would be confused w i t h  the  conifer  

type a t  t h i s  r e s o l u t i o n .  For example, la rge ,  t a l l  hardwoods do n o t  grow i n  

ex tens i ve  stands as do c o n i f e r s  b u t  a r e  found as r i p a r i a n  v e g e t a t i o n  along 

stream banks o r  as i s o l a t e d  t r ees  i n  brush f i e l d s .  Thus a  photo i n t e r p r e t e r  

w i t h  a  f o r e s t r y  background would be a b l e  t o  c o r r e c t l y  c a t e g o r i z e  these two 

resource types w i t h  a  h i g h  degree o f  success a t  the  s c a l e  and r e s o l u t i o n  o f  

the t e s t  photography regard less  o f  the  image type be ing  used. 

The h ighe r  commission e r r o r  o f  t h e  low d e n s i t y  c o n i f e r  when co~npared 

t o  the  medium-high d e n s i t y  c o n i f e r  shou ld  be noted. The m a j o r i t y  o f  the low 

dens i t y  commission e r r o r s  were made by c a t e g o r i z i n g  t h i s  resource type as 

e i t h e r  medium-high dens i t y  c o n i f e r  o r  as brush-dry  s i t e  hardwood. I t  i s  

p robab le  t h a t  many o f  these e r r o r s  were sub jec t i ve .  There a r e  few s i t u a t i o n s  

where the  t r a n s i t i o n  f rom medium t o  low d e n s i t y  c o n i f e r s  i s  ab rup t ;  t h e r e f o r e  

the  c a t e g o r i z a t i o n  o f  s t o c k i n g  l e v e l s  r equ i res  a  g rea te r  va lue  judgment on t h e  

p a r t  o f  the  i n t e r p r e t e r .  Moreover, most low d e n s i t y  c o n i f e r  stands have 

dense unde rs to r i es  of  brush and hardwoods. Hence the  i n t e r p r e t e r  i s  requi red 

t o  make another  d i f f i c u l t  va lue  judgment as t o  whether t o  ca tego r i ze  an area 

as low d e n s i t y  c o n i f e r  w i t h  brush unders to ry  o r  t o  c a t e g o r i z e  i t  as a brush 

f i e l d  w i t h  i n te r spe rsed  c o n i f e r s .  



Note t h a t  f o r  the percen t  commission e r r o r  f o r  t he  medium-high d e n s i t y  

c o n i f e r  type, s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  occur red  i n  which IR-301e25, 

Enhancement 1 and Enhancement 2  con ta ined  more i n f o r m a t i o n  than IR-89W and 

Enhancement 3 .  I n t e r e s t i n g l y ,  the  two poores t  image types, I R - 8 9 ~  and 

Enhancement 3, had commiss i o n  e r r o r s  o f  d i f f e r e n t  types. The IR-89B commiss ion 

e r r o r s  were due mos t l y  t o  c a t e g o r i z i n g  medium-high d e n s i t y  c o n i f e r  as low 

dens i t y  con i f e r ,  w h i l e  the  Enhancement ? commission e r r o r s  were due t o  c a t e g o r i z -  

i n g  i t  as brush-dry  s i t e  hardwood. Th i s  k i n d  o f  incons is tency  i s  most l i k e l y  

a t t r i b u t a b l e  t o  v a r i a t i o n  i n  i n t e r p r e t e r  performance. 

(2) Brush-Dry S i t e  Hardwoods. W i t h  the  excep t i on  o f  Enhancement 

3, a l l  image types p rov ided  an accep tab le  accuracy l e v e l  f o r  the  i d e n t i f i c a t i o n  

o f  brush-dry  s i t e  hardwoods. Enhancement 3 was shown s t a t i s t i c a l l y  t o  be the  

poores t  image type f o r  c a t e g o r i z i n g  t h i s  resource type  f o r  bo th  percen t  co r rec t  

and percent  commission e r r o r .  Whi l e  t he  sepa ra t i on  o f  nonvegeta t i ve  t ypes  

(i .e., p i n k  areas) on Enhancement 3 f rom v e g e t a t i v e  types (i .e., green a r e a s )  

i s  ve ry  d i s t i n c t ,  the  sepa ra t i on  w i t h i n  vege ta t i ve  types, p a r t i c u l a r l y  those 

o f  the  same t e x t u r e ,  i s  p a r t i c u l a r l y  con fus ing .  Coni ferous types a r e  e a s i l y  

i d e n t i f i e d  by t h e i r  form, b u t  t he  sepa ra t i on  o f  the  smooth t e x t u r e d  brush f i e l d s  

and meadows must be done us i ng v a r y i  ng shades o f  green o n l y .  The t e s t  r esu l  t s  

show t h a t  t h i s  v a r i a t i o n  i s  n e i t h e r  d i s t i n c t  nor  c o n s i s t e n t  enough t o  g i v e  

accura te  categor  i z a t  i on o f  these resource types and t h a t  t h e  enhancement some- 

how obscures i n f o r m a t i o n  t h a t  may have been p resen t  on t he  separate lR-308+25 

and IR-89~ imagery t h a t  was used i n  p a r t  t o  form t h e  enhancement. 

(3) Meadow-Riparian Hardwoods. For  t he  most p a r t ,  t he  same corn- 

ments concern ing t he  p reced ing  resource type app ly  here, i .e. ,  t he  i n a b i l i t y  

o f  Enhancement 3  t o  d i s t i n g u i s h  between meadows and b r u s h f i e l d s .  However, i n  

the  case o f  the meadow-r ipar ian hardwood type, the  t e s t  r e s u l t s  showed no s i g -  

n i f i c a n t  d i f f e r e n c e s  between image types, .and Enhancement 3 was poores t  i n  

5 0 



abso lu te  rank i  ngs o f  percen t  c o r r e c t  and percent  commiss i o n  e r r o r  on1 y .  How- 

ever,  t he re  appears t o  be a  t r e n d  o f  lower  commission e r r o r s  f o r  t h i s  resource 

type than f o r  t he  brush-dry  s i t e  hardwood. Th i s  lower  e r r o r  c o u l d  have been 

caused aga in  by the  h i g h  r e s o l u t i o n  o f  a l l  t he  imagery. Thus, t he  s k i  l l e d  

i n t e r p r e t e r  cou ld  eas i l y  i d e n t i f y  t he  r i p a r i a n  hardwoods by t h e i r  charac te l - i s -  

t i c  meander p a t t e r n  and n o t  have t o  depend upon t h e i r  t ona l  c h a r a c t e r i s t i c s  

a  1 one. 

(4) Rock - Bare S o i l .  IR-89~ was shown s t a t i s t i c a l l y  t o  be poorer 

than  t he  o the r  image types f o r  c a t e g o r i z i n g  t h i s  resource type. The th ree  

enhancements and IR-301+25 ranged from 90 t o  100 percen t  c o r r e c t  i d e n t i f i c a t i o n  

whi l e  the  IR-89B averaged o n l y  64 percen t  c o r r e c t  i d e n t i f i c a t i o n .  A 1  l cornmiss i o n  

e r r o r s  f o r  r o c k  - bare s o i  1 f o r  IR-89~ were t he  r e s u l t  o f  t he  resource b e i n g  

m is taken l y  ca tego r i zed  as resources w i t h  s  i m i  l a r  smooth t e x t u r e s  such as 

brush o r  meadow. 

(5 )  Water. Th is  i s  t he  one resource t ype  t h a t  was i d e n t i f i e d  

1GO percen t  c o r r e c t l y .  I n  one case, however, an i n t e r p r e t e r  us i ng  Enhance- 

ment 3 made a  commission e r r o r  by c a t e g o r i z i n g  some s tand ing  water ,  as 

water .  

Two summary remarks concern ing t h e  mapping and c a t e g o r i z i n g  o f  Fores t  

types u s i n g  s i n g l e  and mu l t i band  imagery o f  t h i s  r e s o l u t i o n  can be made: 

( 1 )  f o r  resource types w i t h  d i s t i n c t i v e  shapes ( c o n i f e r s )  o r  growth p a t t e r n s  

( r i p a r i a n  hardwoods), d i f f e r e n t  f i l m  o r  enhancement types w i l l  g i v e  v i r t u a l l y  

the  same accuracy o f  i d e n t i f i c a t i o n ,  and ( 2 )  f o r  resource types w i t h  l e s s  d i s -  

t i n c t i v e  t e x t u r e  o r  growth pa t t e rns ,  ca re fu l  l y  se lec ted  image types w i  l l  a i d  

i n  proper i d e n t i f i c a t i o n .  Three resource types t h a t  f a l l  i n t o  t h i s  l a t t e r  

category a r e  brush - d ry  s i t e  hardwood, meadow, and r o c k  - bare s o i l ,  O f  

t he  f i v e  image types tes ted ,  I R - 8 9 B  and Enhancement 3 were s i g n i f i c a n t l y  poorer 

f o r  sepa ra t i ng  severa l  o f  t he  resource types.  



AGRICULTURAL RESOURCES 

Davis Tes t  S i t e  

Tes t  Set-up. A  c a r e f u l l y  c o n t r o l l e d  mu l t i band  pho tograph ic  exper iment 

was c a r r i e d  o u t  d u r i n g  t he  summer of  1969 a t  t h e  a g r i c u l t u r a l  farm on the 

Davis Campus o f  the  U n i v e r s i t y  o f  C a l i f o r n i a .  W i th  t he  a i d  o f  agronomy expe r t s  

f rom the  Davis campus, a  complex t a r g e t  a r ray ,  c o n s i s t i n g  o f  numerous a g r i c u l -  

t u r a l  c rop  types, was p lan ted  and grown d i r e c t l y  beneath t h e  ca twa l k  of a 150 

f o o t  wa te r  tower (see F i g u r e  15 ) .  A f t e r  the  m a j o r i t y  o f  t he  crops had matun-ed 

i n  midsummer, t he  t a r g e t  a r r a y  was photographed by t he  LIU mu1 t i b a n d  camera 

system. I n  a d d i t i o n  t o  t h i s  s i n g l e  s e t  o f  a e r i a l  imagery taken o f  the  a r r a y ,  

m u l t i b a r ~ d  photos were procured f rom the  ca twa l k  o f  t h e  tower a t  weekly i n t e r -  

va l s  beg inn ing  on J u l y  7 and c o n t i n u i n g  through October 30, 1969. Consequently, 

t ime dimensional  phenomena assoc ia ted  w i t h  each c r o p ' s  pheno log ica l  development 

weremeasured w i t h  t he  a i d  o f  t h i s  s e q u e n t i a l l y  ob ta i ned  mu l t i band  imagery, 

We recognized i n  t he  des ign o f  the  exper iment t h a t  the  a r t i f i c i a l  a r r a y  

o f  crops would n o t  be a  s u i t a b l e  t a r g e t  f o r  t e s t i n g  t he  i n f o r m a t i o n  con ta ined  

i n  var ious  types o f  imagery. We were r e s t r i c t e d  t o  t h r e e  rep1 i c a t i o n s  o f  each 

c rop  i n  the area a v a i l a b l e  f o r  p l a n t i n g .  Th i s  meant t h a t  o n l y  two p l o t s  c o c l d  

be used f o r  t e s t i n g  purposes s i n c e  t he  remain ing one was r e q u i r e d  f o r  t r a i n i n g .  

A  few p r e l  im inary  photo i n t e r p r e t a t i o n  t e s t s  were performed u s i n g  s ing le -band 

photos and mu l t i band  enhancements ( L I u  imagery), and, as was expected, each 

i n t e r p r e t e r  q u i c k l y  became aware t h a t  t h e r e  were o n l y  two o f  each c rop  t h a t  Re 

had t o  i d e n t i f y .  Thus i n  some s i t u a t i o n s  i n t e r p r e t e r s  c o u l d  i d e n t i f y  a c rop  

by process o f  e l i m i n a t i o n  and no t  by image tone.  I n  a d d i t i o n ,  t h e  r e s o l u t i o n  

o f  each image was such t h a t  i f  the  i n t e r p r e t e r  was fami 1 i a r  w i t h  p l a n t i n g  

p r a c t i c e s ,  he was a b l e  t o  i d e n t i f y  t he  c rop  by row p a t t e r n  o r  t he  l a c k  o f  i t .  

Consequently, the  t e s t  r e s u l t s  ( no t  presented here) were h i g h  i n  terms o f  



Figure 15. Crop array p lanted  adjacent  t o  a 150-foot water tower a t  the 
Davis tes t  s i t e .  
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accuracy o f  c rop  i d e n t i f i c a t i o n  and showed no s t a t i s t i c a l  d i f f e r e n c e s  between 

image types. 

The c rop  a r r a y ,  however, was an i d e a l  t a r g e t  f o r  t e s t i n g  i n f o r m a t i o n  

con ten t  on mu1 t i b a n d  (and mu1 t i d a t e )  imagery u s i n g  a dens i tometer  t o  measure 

image o p t i c a l  d e n s i t i e s .  S p e c i f i c a l l y ,  imagery ob ta i ned  throughout  t h e  grow- 

i n g  season from the  wate r  tower was measured i n  terms o f  the  percen t  t r ans -  

m iss i on  through t he  negat i ve  image t o  determine which o f  t he  f i l m / f i F t e r  

combi na t ions  t e s t e d  p r o v i  ded the  g r e a t e s t  d i s c r i m i  n a t i o n  between crops, The 

experiment and i t s  r e s u l t s  a r e  descr ibed  below ( ~ o b e r t s  and G i a l d i n i  , 1970) .  

The f o l l o w i n g  15 crops, w i t h  t he  excep t i on  o f  a l f a l f a ,  were p l an ted  i n  

12' by 12' p l o t s  l oca ted  i n  a random f a s h i o n  w i t h i n  a s i x  by seven a r r a y :  a l -  

f a l f a ,  tomato, po ta to ,  m i l o ,  s a f f i o w e r ,  wheat, ba r l ey ,  cucumber, beans, o ~ i o n ,  

sugar beets, co t ton ,  l e t t u c e ,  and g a r l  i c .  The crops were p l an ted  denser than 

usual i n  o rder  t o  q u i c k l y  form a complete v e g e t a t i v e  canopy. The purpose of 

t h i s  exper iment was t o  eva lua te  tone d i f f e r e n c e s  on the  photos r e s u l t i n g  

f rom d i f f e r e n c e s  i n  the  r a d i a t i o n  r e f l e c t e d  f rom t h e  s o i l  through v a r y i n g  

degrees o f  canopy c l osu re .  For t h i s  reason crops t h a t  d i d  no t  form cont i ~ u o u s  

cover were e l i m i n a t e d  f rom f u r t h e r  t e s t i n g .  The crops e l i m i n a t e d  f o r  t h i s  

reason were g a r l  i c ,  cucumber, beans, onion, pepper, and l e t t u c e .  

The crops were photographed f rom a top  t h e  tower a t  weekly i n t e r v a l s .  A l l  

photographs were taken f rom the  same camera s t a t i o n  w i t h  a Graphlex XL camera 

and Zeiss 80mm Planar  lens a t  near midday. Two types o f  70mm B/W f i l m  were 

used f o r  the  m u l t i s p e c t r a l  photography: Kodak Plus-X Aerographic,  type 2401, 

a panchromatic a e r i a l  f i  l m  s e n s i t i v e  f rom 400 nm t o  710 nm; and Kodak I n f r a r e d  

Aerographic,  t ype  2424, an a e r i a l  f i l m  s e n s i t i v e  f rom 400 nm t o  900 nm in the 

near i n f r a r e d .  Approximate e f f e c t i v e  s p e c t r a l  bandwidths o f  t he  f i l m l f i l t e r  

combinat ions used a r e  l i s t e d  i n  Table 8. 



TABLE 8. SPECTRAL BANCWIDTHS OF THE FILM/FILTER COMBINATIONS USED D U R I N G  
THE DAVIS WATER TOWER EXPERIMENT. 

PLUS-X AEROGRAPHIC I INFRARED AEROGRAPHIC 

590-900 nm 
550-710 nm 890-900 nm 

740-900 nm 
400-700 nm 
400-470 nm 

500-580 nm 500-580 nm 
660-700 nrn 
550-700 nm 
470-520 nm 
530-570 nm 

530-570 nm 560-590 nm 

 h he 301 i s  an i n f r a r e d  b lock ing  i n te r fe rence  f i l t e r  t h a t  cuts o f f  r a d i a t i o n  
longer than about 700 nm. 

( ~ r o m  Roberts and G i a l d i n i ,  1970.) 



The negat i ve  d e n s i t y  was measured f o r  each f i e l d  on each f i l m / f i % t e r  

combinat ion f o r  photography taken on August 14, 1969. A s e l e c t e d  group o f  

f i l m / f i l t e r  combinat ions were measured on t he  o t h e r  dates. Measurements 

were made by Welsh Dens i c r o n  u s i n g  a  1 mm ape r tu re .  Th i s  a p e r t u r e  s i z e  

reduced the  var iance  by i n t e g r a t  i ng a  r e p r e s e n t a t i v e  f i e l d  area.  The percent  

t ransmiss ion  f o r  a  f i e l d  i s  an average o f  t h ree  measurements randomly l oca ted  

w i t h i n  the  f i e l d .  Measurements were p e r i o d i c a l l y  spot-checked by a  second 

ope ra to r  t o  ensure h i g h  p r e c i s  ion. 

Tes t  Resu l ts .  Table 9 shows r e s u l t s  f o r  Plus X f i l m  taken  on J u l y  31,  

1969 w i t h  a  Wrat ten 25 f i l t e r .  The l i n e s  t o  t h e  l e f t  o f  t h e  c rop  names denote 

homogeneous d e n s i t y  groupings. There i s  no s i g n i f i c a n t  d i f f e r e n c e  between 

the  image d e n s i t i e s  f o r  crops preceded by the same l i n e .  For t h e  image s f  

crops no t  preceded by the  same l i n e  t he re  e x i s t s  a  s i g n i f i c a n t  d i f f e r e n c e  a t  

t he  95 percen t  p r o t e c t i o n  l e v e l .  

D iscuss ion  o f  Resu l ts .  Tab le  9  may be i n t e r p r e t e d  as f o l l o w s :  b a r l e y  

and wheat a r e  preceded by the  same 1 i ne  and t h e r e f o r e  a r e  no t  s i g n i f i c a n t l y  

d i f f e r e n t  f rom one another  i n  the  rank ings.  They are,  as a  subset,  d i f f e r e n t  

f rom a1 l t he  o t h e r  crops l i s t e d .  Sugar beets and a l f a l f a  form a  homogeneous 

sub-set w i t h  sugar beets be ing  s i g n i f i c a n t l y  d i f f e r e n t  f rom a l l  o t h e r  crops ,  

A l f a l f a  i s ,  i n  a d d i t i o n ,  a  member o f  a  homogeneous sub-set i n c l u d i n g  m i  lo ,  

co t ton ,  and tomato. A l f a l f a  i s  s i g n i f i c a n t l y  d i f f e r e n t  f rom ba r l ey ,  wheat,  

p o t a t o  and s a f f l o w e r .  M i l o ,  co t t on ,  and tomato a re ,  i n  tu rn ,  i nc l uded  i n  a 

subset w i t h  po ta to .  Po ta to  and sa f f l owe r  form a  sub-set w i t h  s a f f l o w e r  b e i n g  

s i g n i f i c a n t l y  d i f f e r e n t  f rom a l l  the  o t h e r  crops.  

Table 10 presents  t he  same data i n  a  d i f f e r e n t  fo rm and l i s t s  each 

crop, the  crops f rom which i t  i s  - not s i g n i f i c a n t l y  d i f f e r e n t ,  and the  crops 

from which i t  - i s  s i g n i f i c a n t l y  d i f f e r e n t .  Th is  t a b l e  may i n i t i a l l y  be some- 



TABLE 9. ANALYSIS OF DIFFERENT CROP FILM DENSITIES FOR PLUS X FILM 
EXPOSED THROUGH A WRATTEN 25 FILTER. 

Ana l ys i s  o f  Var iance 

SUM OF SQUARES D F MEANSQUARE FRATBO 
- 

Be tween groups .2459 8 .0307 35.9266 

W i t h i n  groups .0154 18 .0009 

Tota 1 -2613 26 

-- 

Treatment Means i n  Ranked Order 

LABEL MEAN STANDARD DEVIATION 

Bar ley  1 Wheat 

I Sugar Beets 
A l f a l f a  
M i  l o  
Co t ton  
Toma t o  

I Po ta to  
S a f f  1 ower 

( ~ r o m  Roberts and G i a l d i n i ,  1970.) 



TABLE 10. ALTERNATE PRESENTATION OF DATA SHOWN I N  TABLE 8 FOR PLUS X /  
WRATTEN 25 PHOTOGRAPHY OBTAINED ON JULY 31, 1969. 

CROP NOT SIGNIFICANTLY SIGNIFICANTLY 
TYPE DIFFERENT FROM DIFFERENT FROM 

Bar ley  

Wheat 

Sugar beets 

A l f a l f a  

M i  l o  

Cot t on  

Toma t o  

Po ta to  

Sa f f l owe r  

Wheat 

Ba r l ey  

A l f a l f a  

Sugar beets,  mi l o ,  c o t -  
ton, tomato 

A l f a l f a ,  co t t on ,  tomato, 
p o t a t o  

A l f a l f a ,  m i  l o ,  tomato, 
p o t a t o  

M i  l o ,  co t t on ,  po ta to ,  
a l f a l f a  

M i  l o ,  co t t on ,  tomato, 
s a f f l o w e r  

Po ta to  

Sugar beets,  a l f a l f a ,  m i  l o ,  co t ton ,  
tomato, po ta to ,  s a f f l o w e r  

Sugar beets,  a l f a l f a ,  m i  80, cot ton,  
tomato, potato,  s a f f l o w e r  

Bar ley,  wheat, mi l o ,  co t t on ,  tomato, 
potato,  s a f f l o w e r  

Bar ley,  wheat, po ta to ,  s a f f l o w e r  

Bar ley,  wheat, sugar beets,  s a f f l o w e r  

Bar ley,  wheat, sugar beets,  s a f f l o w e r  

Bar ley,  wheat, sugar beets,  s a f f l o w e r  

Bar ley ,  wheat, sugar beets,  a l f a l f a  

Bar ley,  wheat, sugar beets,  a l f a l f a ,  
mi l o ,  co t t on ,  tomato 

( ~ r o m  Roberts and G i a l d i n i ,  1970.) 



what e a s i e r  t o  understand f o r  a person n o t  f a m i l i a r  w i t h  Duncan's new m u l t i p l e  

range t e s t ;  however, t h e  technique o f  j o i n i n g  w i t h  l ines ranked data which 

i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  does p rov ide  a condensed, y e t  unambiguous, 

p resen ta t  ion.  

A survey o f  the  r e s u l t s  from Duncan's new m u l t i p l e  range t e s t  suggests 

t h a t  f o r  t h i s  p a r t i c u l a r  t a r g e t  a r r a y  and date no s i n g l e  f i l m / f i l t e r  combinat ion 

can be used t o  d i s c r i m i n a t e  among a l l  crops. By u s i n g  two o r  more fiIm/filter 

combinat ions i n  concer t ,  however, a g r e a t e r  number o f  d i s c r i m i n a t i o n s  can be 

made. For  example, by the a d d i t i o n  o f  data f rom the  Plus X/Wratten 478 corn- 

b i n a t i o n  (Table 11)  t o  t he  data f rom the  Plus X/Wratten 25 combinat ion, which 

we have been examining, t he  f o l l o w i n g  a d d i t i o n a l  c rop  d i s c r i m i n a t i o n s  can be 

made: sugar beets f rom a l f a l f a ,  a l f a l f a  f rom co t ton ,  c o t t o n  f rom tomato, co t ton  

f rom potato.  These r e s u l t s  a r e  shown i n  Table 12 and can be compared w i t h  

Table 10. 

A Fur ther  ga in  i n  the  a b i  1 i t y  t o  d i s c r i m i n a t e  between crops can be made 

by u t i l i z i n g  m u l t i d a t e  photography. For  example, by examining i n  conce r t  d a t a  

f rom two dates f o r  one o f  the f i l m / f i l t e r  combinat ions (Plus X/Wratten 251, 

Table 13 can be cons t ruc ted .  I n  t h i s  example, t h e  data from the f i r s t  and l a s t  

weeks o f  the  s e r i e s  of photographs measured p rov ided  t h e  g rea tes t  amount o f  

i n f o rma t i on .  U t i l i z i n g  data f rom the  i n t e r v e n i n g  dates p rov ides  no additional 

i n f o r m a t i o n  w i t h i n  t h i s  s p e c t r a l  band. Thus, j u s t  as p a r t i c u l a r  s p e c t r a l  bands  

when used i n  concer t  f o r  one da te  w i l l  g i v e  the  bes t  d i s c r i m i n a t i o n  between 

crops f o r  t h a t  date,  p a r t i c u l a r  dates when used i n  conce r t  f o r  one band wi l l  

a l s o  improve the  a b i l i t y  t o  d i s c r i m i n a t e  between c rop  types. I t  f o l l o w s  t h a t  

t h e r e  should be a p a r t i c u l a r  combinat ion o f  s p e c t r a l  bands and dates t h a t  w i l l  

g i v e  b e t t e r  r e s u l t s  than e i t h e r  a lone .  The f o l l o w i n g  combinat ion of film/ 

f i l t e r / d a t e s ,  a l t hough  probably  n o t  unique, g ives complete s t a t i s t i c a l  d i s c r i m -  



TABLE 1 1 .  ANALYSIS OF DIFFERENT CROP FILM DENSITIES FOR PLUS X FILM EXPOSED 
THROUGH A WRATTEN 478 FILTER. 

A n a l y s i s  o f  Var iance  

SUM OF SQUARES DF MEAN SQUARE F RATIO 

Be tween groups ,1681 8 .02 10 18.9019 

W i  t h i  n groups .0200 18 ,001 1 

To ta  1 . I 882  2 6 

Treatment Means i n  Ranked Order 

LABEL MEAN STANDARD DEVIATION 

B a r l e y  I Wheat 
.27767 
. 3  1 goo 
.38267 
.42400 
.45800 
,48200 
.kg767 
.49767 
.50533 

( ~ r o r n  Roberts and G i a l d i n i ,  1970.) 



TABLE 12. DATA FROM TABLES 9 AND 1 1  USED I N  COMBINATION. ALLOWING 
ADDITIONAL CROP DISCRIMINATIONS TO BE MADE. 

- 
CROP NOT SIGNIFICANTLY SIGNIFICANTLY 
TYPE DIFFERENT FROM DIFFERENT FROM 

Bar ley  Wheat 

Whea t Bar ley  

Sugar beets 

A l f a l f a  M i  lo ,  tomato 

Sugar beets,  a l f a l f a ,  m i l o ,  
co t t on ,  tomato, po ta to ,  s a f f l o w e r  

Sugar beets,  a l f a l f a ,  m i  l o ,  co t ton ,  
tomato, po ta to ,  s a f f l o w e r  

Bar ley,  wheat, m i  lo ,  co t t on ,  tomato, 
po ta to ,  s a f f l o w e r ,  a l f a l f a  

Bar ley,  wheat, po ta to ,  s a f f l o w e r ,  
sugar beets, c o t t o n  

A l f a l f a ,  cot ton,  Bar ley ,  wheat, sugar beets,  safflower 
toma to ,  p o t a t o  

Cot ton  M i  l o  Bar ley,  wheat, sugar beets,  s a f f l o w e r ,  
a l f a l f a ,  tomato, p o t a t o  

Toma t o  M i  l o ,  po ta to ,  a l f a l f a  Bar ley,  wheat, sugar beets,  safflower, 
c o t t o n  

Po ta to  M i  l o ,  tomato, s a f -  Bar ley ,  wheat, sugar beets, alfalfa, co t ton  
f 1 ower 

Sa f f l owe r  Po ta to  Bar ley ,  wheat, sugar beets,  alfalfa, 
mi l o ,  co t t on ,  tomato 

( ~ r o m  Roberts and  G i a l d i n i ,  1970.) 



TABLE 13. IMPROVEMENT I N  DISCRIMINATION RESULTING FROM USE OF DATA 
FROM ONE FILM/FILTER COMBINATION (PLUS X/WRATTEN 25) AND 
TWO DATES (JULY 17 AND AUGUST 14). 

CROP NOT SIGNIFICANTLY SIGNIFICANTLY 
TYPE DIFFERENT FROM DIFFERENT FROM 

Bar ley  Wheat 

Wheat Bar ley  

Sugar beets 

A l f a l f a  

Cot ton  

Po ta to  

Po ta to  M i  l o  

Sa f f l owe r  

Sugar beets,  a l f a l f a ,  mi l o ,  co t t on ,  
tomato, potato,  s a f f l o w e r  

Sugar beets,  a l f a l f a ,  m i  l o ,  co t ton ,  
tomato, potato,  s a f f  1 ower 

Bar ley ,  wheat, a l f a l f a ,  m i l o ,  
co t t on ,  tomato, po ta to ,  s a f f l o w e r  

Bar ley,  wheat, sugar beets,  m i l s ,  
co t t on ,  tomato, s a f f l o w e r  

Bar ley,  wheat, sugar beets,  a l f a l f a ,  
cot ton,  tomato, s a f f l o w e r  

Bar ley,  wheat, sugar beets,  a l f a l f a ,  
m i  lo ,  co t ton ,  po ta to ,  s a f f l o w e r  

Bar ley,  wheat, sugar beets,  a l f a l f a ,  
mi lo,  co t ton ,  po ta to ,  s a f f l o w e r  

Bar ley,  wheat, sugar beets,  a l f a l f a ,  
co t ton ,  tomato, s a f f l o w e r  

Bar ley,  wheat, sugar beets,  a l f a l f a ,  m i  lo, 
cot ton,  tomato, p o t a t o  

- -  

(From Roberts and G i a l d i n i ,  1970.) 



i n a t i o n  among the  crops tes ted :  Plus X/Wratten 25 on J u l y  17 and August 14, 

and IR-301+58 on  J u l y  25. 

I m p e r i a l  V a l l e y  Tes t  S i t e  

Test  Setup. A complementary exper iment  concern ing  a g r i c u l t u r a l  resources 

was conducted i n  the  I m p e r i a l  Va l l ey ,  C a l i f o r n i a ,  Cropping i n  the  Imperial 

V a l l e y  i s  ma in ly  on rec la imed dese r t  land, where the  combinat ion o f  deep rich 

s o i l s ,  an  abundance o f  s o l a r  energy and a v a i l a b l e  i r r i g a t i o n  wate r  has l e d  t o  

a  l e v e l  o f  a g r i c u l t u r a l  p r o d u c t i v i t y  equaled i n  o n l y  a  few p a r t s  o f  the world. 

A i r c r a f t  f l i g h t s  were ar ranged f o r  t h i s  area d u r i n g  t he  summer o f  1969 

f o r  the  purpose o f  o b t a i n i n g  h i g h  q u a l i t y  s ing le-band,  B/W mu l t i band  and trim 

emuls ion c o l o r  and f a l s e - c o l o r  photographs. A l l  photography was procured by 

the  Science and Eng ineer ing  Group a t  LIU. Our o b j e c t i v e  was t o  determine t he  

usefu lness o f  d i f f e r e n t  k inds o f  mu l t i band  photography ( f l o w n  i n  J u l y )  f o r  

i d e n t i f y i n g  f o u r  I m p e r i a l  V a l l e y  c rop land  ca tego r i es :  a l f a l f a ,  sorghum, c o t t o n  

and bare s o i  1 .  

F i v e  se t s  o f  images were s e l e c t e d  f o r  tes t ing- -one  s e t  o f  s i n g l e - b a n d  

photos (IR-301+25) and f o u r  se t s  o f  mu1 t i band photos ( A e r i a l  Ek tachrme,  Ek ta  

Aero I n f r a r e d ,  Enhancement A and Enhancement B). Enhancement A, a  c l ose  

s i m u l a t i o n  o f  Ekta Aero I n f r a r e d  photography, was made by o p t i c a l l y  c m b i w i n g  

IR-301+58, IR-301+25 and IR-89B images p r o j e c t e d  through b lue,  green and red  

f i l t e r s ,  r e s p e c t i v e l y ;  w h i l e  Enhancement B was made i n  a  s i m i l a r  f a s h i o n  bu t  

w i t h  the  green and red  f i l t e r s  reversed (see F igures  16 through 20) .  

Each s e t  o f  imagery was examined by t h r e e  i n t e r p r e t e r s  wi t h  no i n t e r -  

p r e t e r  v i ew ing  more than one s e t .  A  s e t  o f  images cons i s ted  o f  n i ne  separa te  

photos, i n  p r i n t  form, mosaiced toge ther  c o n t a i n i n g  a  t o t a l  o f  157 a g r i c u t u r a l  

f i e l d s  (see F i g u r e  21). Severa l  f i e l d s  were randomly s e l e c t e d  w i t h i n  each 

c rop  ca tegory  and were used as t r a i n i n g  samples by t he  photo i n t e r p r e t e r ,  
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Tes t  Resu l ts .  The photo i n t e r p r e t a t i o n  r e s u l t s  were summarized and s t a t i s -  

t i c a l  l y  analyzed (i .e., ANOVA and Duncan's new mu1 t i p l e  range t e s t ) .  The 

r e s u l t s  o f  the s t a t i s t i c a l  analyses a r e  presented i n  Table 14. The ANOVA 

i n d i c a t e d  t h a t  i n t e r p r e t a t i o n  r e s u l t s  f rom var ious  image types were s t a t i s t i c a l l y  

d i f f e r e n t  i n  o n l y  two cases, "a1 1 cropland,  percen t  co r rec t , "  and 'n"eotton, 

percen t  commission e r r o r . "  F u r t h e r  groupings f o r  these two ca tego r i es  were 

made u s i n g  Duncan's new m u l t i p l e  range t e s t ,  p r o v i d i n g  t he  i n f o r m a t i o n  presented 

i n  Table 15. 

What i s  most e v i d e n t  i n  these r e s u l t s  i s  t h a t  accuracy o f  i d e n t i f i c a t i o n  

f o r  a l l  c rop  ca tego r i es  combined o r  taken s i n g u l a r l y  i s  r e l a t i v e l y  low (<80 

percen t ) ,  regard less  o f  t he  type  o f  t e s t  imagery used. 

D iscuss ion  o f  Resu l ts .  I t  i s  ou r  o p i n i o n  t h a t  these r e s u l t s  a r e  a 

f u n c t i o n  o f  a c q u i r i n g  t he  imagery a t  a  non-optimum t ime o f  the  year  fo r  c rop  

i d e n t i f i c a t i o n ,  r a t h e r  than t he  l a c k  o f  i n f o r m a t i o n  con ten t  i n  mu1 t i b a n d  photog- 

raphy p e r  se. An a n a l y s i s  o f  a  c rop  ca lendar  f o r  t h i s  r e g i o n  i l l u s t r a t e s  t h i s  

p o i n t .  Both c o t t o n  and sorghum a r e  i n  a  mature, green s t a t e  o f  development i n  

Ju ly - -a  c o n d i t i o n  render ing  tone s i gna tu res  f o r  the  two crops q u i t e  s i m i  jar  

i n appearance on s  i ngle-band and mu1 t i  band photographs. The low percen t  co r -  

r e c t  i d e n t i f i c a t i o n s  and h i g h  percen t  commiss i o n  e r r o r s  f o r  c o t t o n  and sorghum 

i n d i c a t e  t h a t  t he  i n t e r p r e t e r  c o n t i n u a l l y  confused t he  two. Furthermore, the  

a l f a l f a  f i e l d s  were i n  v a r y i n g  stages o f  development rang ing  f rom r e c e n t l y  

c u t  t o  mature a t  t h i s  t ime of year ,  which added t o  t he  d i f f i c u l t y  o f  i d e n t i f y i n g  

one c rop  type  f rom ano ther .  Never the less,  some very  d e f i n i t e  t rends  a r e  e v i d e n t  

i n  t h e  data de r i ved  i n  these t e s t s :  ( 1 )  i n  a l l  t e s t s ,  t he  h i g h e s t  i n t e r p r e t a t i o n  

accuracy f o r  each c rop  category,  i n c l u d i n g  the  combined ca tegory  c a l  Bed Bbal 1 

cropland,"  was ob ta ined  w i t h  e i t h e r  Enhancement B o r  Ekta Aero I n f r a r e d  imagery, 

For  example, i n  terms of percen t  c o r r e c t ,  t h ree  c rop  ca tego r i es  were b e s t  

i n t e r p r e t e d  on Enhancement B - -a l l  c rop land  (78 percen t ) ,  a l f a l f a  (86 percen t )  

6 9  



IYmRIAL VALLLY 
IYmmAL VALLLY 

F igu re  21. A ground t r u t h  map f o r  the  I m p e r i a l  Va l ley ,  C a l i f o r n i a ,  s t u d y  
area.  F i e l d s  a re  numbered i n  t he  upper l e f t  co rner  and the 
symbols i n  t h e  cen te r  o f  each f i e l d  s i g n i f y  "A" f o r  a l f a l f a ,  
"C" f o r  co t ton ,  "S" f o r  sorghum, and "BS" f o r  bare s o i l .  
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TABLE 15. HOMOGENEOUS SUBGROUPS (DUNCAN ' s NEW MULT l PLE RANGE TEST) 
INDICATING SIGNIFICANTLY DIFFERENT IMAGE TYPES; IMPERIAL VALLEY, 
CALIFORNIA. 

A1 1 c rop land  (% 
c o r r e c t  i dent  i f i- 
Ica t i on )  I A e r i a l  Ek Enh B, Ek Aero  IR, Enh A ,  / 

I R 
IR-25 Enh B and Ek Aero  A e r i a l  Ek and Erth R 1 

I 

Co t ton  
e r r o r )  

IR-25 
Enh A Enh B and Ek Aero A e r i a l  Ek and IR-25 

("A commi ss i o n  lEnh B IR-25 Ek Aero I R ,  Aer i a l  Ek, and/ 
I Enh A - . . .  

E k A e r o  I R  IR-25 Enh B, A e r i a l  Ek, 
A e r i a l  Ek IR-25 Enh B. Ek Aero  I R  - 
t ~ n h  A Enh B, Ek Aero I R  

Enh A 
Enh A -- 
A e r i a  

Ek, IR-25 
IR-25 Enh B, Ek Aero I R ,  Enh A I 

I 
I A e r i a l  Ek 1 



and sorghum (60 percent)--wh i l e  the  two remai n i  ng ca tego r i es  were bes t  

i n t e r p r e t e d  on Ekta Aero I n f r a r e d - - c o t t o n  (70 percen t )  and bare ground (94 

pe rcen t ) .  L ikewise,  Enhancement B gave t he  lowes t  pe rcen t  commission e r r o r  

f o r  c o t t o n  (40 percen t ) ,  sorghum (23 percen t )  and bare ground (8 percen t )  

w h i l e  Ekta Aero I n f r a r e d  was lowest  f o r  a l f a l f a  (22 percen t ) ;  (2) t h e  s i n g l e -  

band B/W image, when compared w i t h  t he  o t h e r  f o u r  k inds o f  mu l t i band  photog- 

raphy, rendered the  lowest  percen t  c o r r e c t  i d e n t i f i c a t i o n  and t he  h i ghes t  per- 

cen t  commission e r r o r s  i n  n e a r l y  h a l f  the  t e s t s  (i.e., a l l  c rop land,  67 percen t  

c o r r e c t ;  a l f a l f a ,  60 percen t  c o r r e c t ;  co t t on ,  74 percen t  commission e r r o r ;  and 

bare ground, 1 8  percen t  commission e r r o r ) ;  (3) i n  t h e  case o f  co t t on ,  f o r  

percen t  commission e r r o r ,  r e s u l t s  de r i ved  f rom th ree  o f  t he  f o u r  k inds o f  

mu1 t i b a n d  imagery were s i g n i f i c a n t l y  b e t t e r  than those d e r i v e d  f rom IR-%01+25; 

and (4) i n  no ins tance  d i d  the s t a t i s t i c a l  a n a l y s i s  show s i g n i f i c a n t  d i f f e r e n c e s  

i n  the  i n t e r p r e t a b i  1 i t y  o f  Enhancement B and Ekta Aero I n f r a r e d .  (Often, how- 

ever ,  t he re  were no s i g n i f i c a n t  d i f f e r e n c e s  between a l l  types) .  

I n  summary, one can conclude f rom the data presented here t h a t  an  ac- 

c u r a t e  c l a s s i f i c a t i o n  o f  I m p e r i a l  V a l l e y  crops i s  no t  e a s i l y  accompl ished on 

photography procured on a s i n g l e  day i n  J u l y .  I f  g i ven  t h e  task, however, of 

work ing  w i t h  o n l y  J u l y  photos, mu l t i band  r a t h e r  than  s ing le -band (IR-301+25) 

photographs would be more u s e f u l  f o r  t h i s  purpose. I n  a d d i t i o n ,  B/W mu l t i band  

photos p r o p e r l y  procured and d i sp layed  as a c o l o r  composite image rendered a s  

much i n f o r m a t i o n  on c rop  types i n  t h i s  t e s t  as d i d  conven t iona l  t r i - e m u l s i o n  

c o l o r  o r  f a l s e - c o l o r  i n f r a r e d  f i l m s .  

Photo I n t e r p r e t e r  Sk i  11s. An a d d i t i o n a l  t e s t  was performed u s i n g  IR-301+25 

imagery. Th i s  photography was i n t e r p r e t e d  by two groups, one randomly s e l e c t e d  

and the o t h e r  s e l e c t e d  s p e c i f i c a l l y  on the  bas is  o f  maximum s k i l l  and e x p e r i -  

ence. The a c t u a l  i n t e r p r e t a t i o n  r e s u l t s  produced by the  two groups a r e  shown 

i n  F i g u r e  22. Note t h a t  the  i n t e r p r e t a t i o n  r e s u l t s  f o r  a l l  f o u r  c rop  ca tego r i es  



RANDOMLY SELECTED GROUP 

INTERPRETER Ac 1 

SKILLED GROUP 

INTERPRETER Rc 4 INTERPRETER # 5 INTERPRETER* 6,. _n 

INTERPRETER 

1 
2 
3 

Mean Percent Cor rec t  
Standard D e v i a t i o n  

SUMMARY OF INTERPRETATION RESULTS 

RANDOM GROUP SKILLED GROUP 

67.7% 75.2% 
69.2 75.9 
64.7 70.7 

F igu re  22 .  I n t e r p r e t a t  i o n  r e s u l t s  ob ta ined  f rom IR-301+25 imagery us i n g  two 
groups o f  i n t e r p r e t e r s ,  one s p e c i f i c a l l y  s e l e c t e d  on the  b a s i s  o f  
h i ghes t  degree of t r a i n i n g  and s k i l l  and t he  o ther  possessing 
v a r y i n g  degrees o f  t r a i n i n g  and exper ience. 



combined were used i n  the subsequent a n a l y s i s .  A s t a t i s t i c a l  t e s t  (a one-sided 

I1tl1 t e s t )  was c a r r i e d  o u t  on these data f o r  the purpose o f  de te rmin ing  i f  the  

h i g h l y  s k i l l e d  group cou ld  do a  s i g n i f i c a n t l y  b e t t e r  j o b  o f  photo i n t e r p r e t a t i o n  

than  cou ld  t he  o t h e r  group. I t  was concluded t h a t  the  h i g h l y  s k i l l e d  g r o u p  

u t i l i z e d  the  IR-301+25 imagery b e t t e r  than  d i d  t he  randomly p i cked  group, 

The s k i l l e d  group undoubtedly was a b l e  t o  app ly  the  i n t e r p r e t a t i o n  

process known as "convergence o f  evidence" wi t h  a  h i g h e r  degree o f  p r o f i c i e n c y ,  

I t  appears t h a t  bo th  groups i n t e r p r e t e d  c r o p  category tone s i gna tu res  equal l y 

w e l l .  The h i g h l y  s k i l l e d  group, however, was more p r o f i c i e n t  a t  r ecogn i z i ng  

s u b t l e  i d e n t i f y i n g  c h a r a c t e r i s t i c s  such as h a r v e s t i n g  cyc les ,  i r r i g a t i o n  

methods, p l a n t i n g  pa t t e rns ,  e t c . ,  each o f  which, when recognized, c o r r e c t l y  

i d e n t i f i e d  and c o r r e l a t e d  w i t h  tone s i g n a t u r e  i n fo rma t i on ,  can lead  t o  an 

even h ighe r  degree o f  c rop  i d e n t i f i c a t i o n  accuracy than  i f  i d e n t i f i c a t i o n s  

a r e  made by s t u d y i n g  tone s i g n a t u r e  a lone.  

Neqat ive Dens i ty  Measurements. A c o r o l l a r y  s tudy was conducted t o  deter-  

mine the  e x t e n t  t o  which microdensi  tometry  would suppor t  human i n t e r p r e t a t i o n  

r e s u l t s .  Due t o  the  p resen t  s t a t u s  o f  our  data p rocess ing  system c o n f i g u r a t i o n ,  

o n l y  p r e l i m i n a r y  analyses c o u l d  be performed i n  t ime f o r  i n c l u s i o n  i n  t h i s  

r e p o r t .  Nevertheless, some very  i n t e r e s t  i ng aspects were uncovered about  p s s -  

s i b l e  madmachine i n t e r a c t i o n s .  The purpose o f  t he  f o l l o w i n g  d i scuss ion  i s  to 

descr ibe  the  methods and r e s u l t s  o f  our  p r e l  i m i  nary s tudy  u s i n g  recorded o p t i c a l  

dens i t y  measurements as an a d d i t i o n a l  complementary t o o l  f o r  mu1 t i  band imagery 

i n t e r p r e t a t i o n .  

The s tudy cons i s ted  of  (I) randomly s e l e c t i n g  f i e l d s  f o r  each c rop  type 

and c o n d i t i o n  w i t h i n  the  area o f  i n t e r e s t  (bare f i e l d s  were o m i t t e d  s i n c e  i t  

s u b j e c t i v e l y  appeared t h a t  these f i e l d s  would no t  be d i f f i c u l t  t o  d i s c r i m i n a t e  

f rom vegetated f i e l d s )  ; (2)  sampl i n g  and reco rd ing  o p t i c a l  d e n s i t i e s  f o r  each 

f i e l d  se lec ted ;  and (3) per fo rming  a n a l y s i s  o f  va r iance  t e s t s  upon these d a t a  

75 



f o r  t he  purpose o f  documenting species v a r i a b i  1 i t y  and c o n d i t i o n  v a r i a b i  l i t y .  

No a t tempt  was made i n  t h i s  p r e l i m i n a r y  e f f o r t  t o  app l y  c l a s s i f i c a t i o n  routines 

as a  means o f  comparing the  manual i n t e r p r e t a t i o n  r e s u l t s  w i t h  automated tech- 

n iques.  

D i g i t i z a t i o n  o f  f i l m  t ransparenc ies  was conducted u s i n g  equipment con- 

t a i n e d  w i t h i n  t he  FRSL. Th i s  equipment cons i s ted  o f  a  computer -con t ro l led  

microdensi tometer  w i t h  paper tape o r  magnet ic tape records s e r v i n g  as i n p u t  

data t o  the a n a l y s i s  o f  va r iance  rou t i nes .  The range o f  grey s c a l e  discrimin- 

a t i o n  w i t h  our  microdensi tometer  was over  1,000 d i s c r e t e  l e v e l s .  Each f i e l d B s  

o p t i c a l  d e n s i t y  was measured f rom the t ransparenc ies  employ ing a  sampl ing 

procedure which y i e l d e d  over  100 un i formly-spaced record ings  pe r  f i e l d ,  Only 

the  B/W p o s i t i v e  t ransparenc ies  were measured d u r i n g  t h i s  i n i t i a l  d i g i  t i z a t i o n  

work ( i  .e., IR-301+25, IR-301&7B, IR-301+58, IR-89~) . 

I n  Table 16, measurements f o r  t he  major  c rop  types a r e  l i s t e d .  The d a t a  

f o r  t h e  green band and t he  red  band a r e  l i s t e d  f o r  comparison. We have observed 

f rom p r i o r  s t u d i e s  t h a t  t h e  o p t i c a l  d e n s i t y  v a r i a b i l i t y  o f  f i e l d  s i gna tu res  i s  

dec ided ly  l ess  us ing  t he  green band than us ing  t he  red  band, s i n c e  these i s  u s u a l l y  

g rea te r  c o n t r a s t  between c rop  and s o i l  background on t h e  red  band. Note i n  

Table 16 t h a t  v a r i a b i l i t y  w i t h i n  f i e l d s  exposed us ing  t he  green band is  l ess  

than t h a t  e x h i b i t e d  by t he  red  band. O f  course, f o r  automat ic  c l a s s i f i c a t i o n  

rou t i nes  t o  be e f f e c t i v e ,  v a r i a t i o n  o f  dens i t y  s i gna tu res  w i t h i n  bo th  f i e l d s  and 

c rop  types must be minimal when compared t o  v a r i a t i o n  o f  d e n s i t y  s i gna tu res  

between f i e l d s  and c rop  types. 

The o v e r a l l  r e s u l t  o f  o u r  s t a t i s t i c a l  analyses o f  these o p t i c a l  d e n s i t y  

data perhaps suppor ts  t he  i n t e r p r e t e r s 1  poor r e s u l t s .  Each f i e l d  e x h i b i t e d  

a "unique" s i g n a t u r e  such t h a t  no commonal i t y  o f  c rop  d e n s i t y  c o u l d  be d e f  i ned, 

The percen t  background versus v e g e t a t i o n  i n  these examples was found t o  be 



TABLE 16. SUMMARY OF OPTICAL DENSITY MEASUREMENTS, IMPERIAL VALLEY TEST SITE. 

The f o l l o w i n g  t a b l e  l i s t s  the four  major crops i n  the area. Crop 
cond i t ions  a re  noted as young, mature and cut .  Both green and red 
band s t a t i s t i c s  are  1 i s t e d  f o r  comparison o f  v a r i a b i l  i t y  o f  tone by 
f i e l d .  - 

FIELD TYPE CONDITION 
GREEN RED 

MEAN ST. DEV. MEAN ST. DEV. 

Sorghum Cut 

Sorghum Young 

Sorghum 
I I 

I I 

I I 

I I 

Mature 
I I 

I I 

I I 

I I 

Cotton 
I I 

Young 
t I 

I I 

I I 

I I 

Cotton Mature 

A l f a l f a  
I I 

I I 

I I 

Young 
I I 

Cut 
I I 

I I 

A l f a l f a  
I I 

I I 

I I 

A l f a l f a  
I I 

Mature 
I I 

Young 

102 RY e Cut 
I I I I 

1691 39.5 1565 51.6 
7 3 1968 43.2 2139 22.9 
75 I I I I 2125 19.5 2163 32.4 
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h i g h l y  v a r i a b l e  i n  a l l  c rop  types. F u r t h e r  p rocess ing  u s i n g  a  more control l e d  

s e t  o f  images i n  terms o f  ground t r u t h  w i l l  undoubtedly improve t he  technique 

employed here. I t  i s  f u r t h e r  d e s i r e d  t h a t  these data be examined f rom the  

s tandpo in t  o f  c l a s s i f i c a t i o n  techniques u s i n g  the FRSL da ta  processt ing system, 

E l e c t r o n i c  Enhancements. A  p o r t i o n  o f  the  I m p e r i a l  V a l l e y  s tudy area 

imaged on the  L IU B/W mu l t i band  photograph was e l e c t r o n i c a l l y  enhanced u s i n g  

the  Image D i s c r i p i n a t  ion, Enhancement, Combinat ion and Sampl i ng (IDECS) system 

a t  the  Center o f  Research i n  Eng ineer ing  Sciences (CRES),  U n i v e r s i t y  of Kansas, 

Th i s  system, which i s  cons iderab ly  more complex and more expensive t o  d e v e l o p  

than the  more common o p t i c a l  enhancement devices, produces enhanced images by 

meaqs o f  s l i c i n g  and e l e c t r o n i c a l l y  expanding very  s u b t l e  grey l e v e l  differences 

measured on two o r  more mu l t i band  B/W images ( c u r r e n t l y  o n l y  two flying-spot 

scanners a r e  o p e r a t i n g  i n  the I D E C S  system, thereby r e s t r i c t i n g  i t s  o p e r a t i o n  

t o  o n l y  two channels) .  A lso,  by e l e c t r o n i c  means, d i f f e r e n t  c o l o r  codes can 

be ass igned t o  s p e c i f i c  i n p u t  d e n s i t i e s  and c o l o r  enhancements can be d i sp layed  

on a t e l e v i s i o n  mon i t o r .  A  t r a i n e d  a n a l y s t  o p e r a t i n g  t he  I D E C S  s e l e c t s  t h e  

optimum l e v e l  o f  tone o r  b r i gh tness  range, i .e., i s o d e n s i t y  s l i c e ,  t h a t  b e s t  

cha rac te r i zes  the resource f e a t u r e  o f  i n t e r e s t  on one o r  more images, t aken  

sepa ra te l y  o r  combi ned, and makes an  isodens i t y  enhancement o f  the  f e a t u r e  us i ng 

the  c o l o r  code o f  h i s  choice.  The I D E C S  system i s  c o n t i n u a l l y  be ing  modified; 

u l t i m a t e l y  encoded s p e c t r a l  d e n s i t i e s  wi 1 1  be d i r e c t l y  analyzed by on-line 

computer so f tware  . 

An example o f  enhanced imagery made on the I D E C S  system i s  shown i n  

F igu re  23. T h i r t y - s i x  f i e l d s  w i t h i n  the  I m p e r i a l  Va l l ey  s tudy  area a r e  shown 

c o l o r  coded based on d e n s i t y  s l i c e s  made from IR-301+25 and IR-89 imagery (LIU 

imagery, f l own  i n  J u l y  1969). An a t tempt  was made by t he  ope ra to r  t o  i s o l a t e  

a  s i n g l e  d e n s i t y  l e v e l  ( de r i ved  from the  two images s imu l taneous ly )  unique t o  



END - 
COLOR CODE 

Blue 
G ree n  
Red 

Whi t e  

CROP FIELDS CORRECTLY FIELDS INCORRECTLY TOTAL PERCENT 
TYPE COLOR CODED COLOR CODED FIELDS CORRECT 

Cot ton 3 
Sorghum 10 
A l f a l f a  8 
Bare Soi 1 6 
A l l  Cropland 27 

F igure  23. E l e c t r o n i c a l l y  enhanced mul t iband imagery o f  a  p o r t i o n  o f  the Imper ia l  
Val l e y  study area. The IDECS system a t  Kansas Univers i t y  was used t o  
make t h i s  c o l o r  composite. Note t h a t  i n  most cases each f i e l d  was as- 
signed a unique c o l o r ;  however, some f i e l d s  were i n c o r r e c t l y  coded, 
wh i l e  others were given more than one c o l o r  depending on tonal  changes 
w i t h i n  a  f i e l d  (caused by s a l t  condi t ions,  harves t ing  pat terns,  e t c . ) .  
See t e x t  f o r  d iscussion.  



each c rop  ca tegory .  I t  was imposs ib le  t o  do t h i s  f o r  a l l  f i e l d s  because of 

the  extreme v a r i a b i l i t y  i n  nega t i ve  d e n s i t y  found  w i t h i n  each c r o p  category- -  

which was o f t e n  g r e a t e r  than  the  v a r i a t i o n  i n  nega t i ve  d e n s i t y  between crop 

ca tego r i es  (see t h e  p reced ing  s e c t i o n  f o r  a  d i s c u s s i o n  o f  t h i s  problem),  

Never the less,  t he  ope ra to r  was a b l e  t o  choose a  d e n s i t y  s l i c e  f o r  each crop 

ca tegory  t h a t  was most r e p r e s e n t a t i v e  f o r  t he  f i e l d s  on the  t e s t  image and 

ass igned a  b r i l l i a n t  c o l o r  t o  each s l i c e  ( i .e. ,  co t t on :  b lue ;  sorghum: green; 

a l f a l f a :  red;  and bare s o i  1 :  w h i t e ) .  The t a b l e  i n  F i g u r e  23 p resen ts  a sum- 

mary o f  those f i e l d s  c o r r e c t l y  and i n c o r r e c t l y  c o l o r  coded. Note t h a t  on l y  

t h ree - f ou r t hs  o f  the  f i e l d s  were c o r r e c t l y  c o l o r  coded, which suppor ts  t h e  

conc lus i on  t h a t  i f  d i s c r e t e  i n f o r m a t i o n  i s  no t  con ta i ned  w i t h i n  t h e  multiba~d 

imagery i n  the  form o f  meaningfu l  nega t i ve  d e n s i t y  d i f f e r e n c e s ,  even t h e  most 

e l a b o r a t e  enhancement devices w i  1 l no t  be capable o f  p roduc ing  a  h i g h l y  i n -  

t e r p r e t a b l e  image. Here, as was t h e  case when human photo i n t e r p r e t e r s  a t -  

tempted t o  c l a s s i f y  these same f i e l d s  on t h e  va r i ous  types o f  mu l t i band  

imagery, a  h i g h  degree o f  c o r r e c t  f i e l d  i d e n t i f i c a t i o n  was no t  p o s s i b l e  be- 

cause the  %imagery was ob ta i ned  on a  s i n g l e  da te  i n  midsummer. Note, however, 

t h a t  an  e l e c t r o n i c  system can enhance s u b t l e  grey tones and d i s p l a y  them as 

c o l o r s  much more b r i  1 1  i a n t l y  than the  o p t i c a l  enhancement system (n.b,, cotton 

and sorghum). Very encourag ing r e s u l t s  were d e r i v e d  f o r  t h e  Phoenix-Mesa 

area u s i n g  t h e  I D E C S  system, and these r e s u l t s  a r e  d iscussed l a t e r  i n  t h i s  

r e p o r t ;  f o r  t h a t  s tudy,  mu l t i band /mu l t i da te  imagery was used as i n p u t  d a t a .  

Phoenix-Mesa Tes t  S i t e  

Tes t  Set-up. We f i r s t  became i nvo l ved  i n  c r o p  s t u d i e s  a t  t he  Phoenix- 

Mesa Tes t  S i t e  (NASA Tes t  S i t e  #29) whi l e  p r e p a r i  ng f o r  t he  Apol  l o  9 SO65 

m u l t i s p e c t r a l  photographic  exper iment .  A 16 square m i l e  area was chosen f o r  

i n t e n s i v e  a n a l y s i s ;  t he  125 f i e l d s  w i t h i n  t he  s tudy  area i nc l uded  most o f  the  



economica l l y  impor tan t  c rop  types found i n  i r r i g a t e d  reg ions  o f  the  southwest ,  

I n  a d d i t i o n  t o  t he  Apol  l o  9 mu l t i band  photography, NASA made a v a i l a b l e  h igh-  

a 1 t i  tude a i  r c r a f t  mu1 t i  band/mul t i  da te  photography f o r  t h i s  area.  These a i r- 

c r a f t  o v e r f  1 i g h t s  occur red  sequen t i a l  l y  a t  approx imate ly  one-month i n t e r v a l s ,  

beg inn ing  a t  t h e  t ime  o f  the  A p o f l o  9 f l i g h t .  Given a v a i l a b l e  m u l t i b a n d  a n d  

m u l t i d a t e  photography, i n t e r p r e t a t i o n  t e s t s  were dev ised  t o  e s t a b l i s h  the  

bes t  combinat ion(s)  o f  images f o r  i d e n t i f y i n g  a l l  c r o p  ca tego r i es  and s i n g l e  

c rop  types w i t h i n  the  16 square m i l e  area (see F i g u r e  24).  

Tes t  Resu l t s .  A l a r g e  number o f  t e s t  images, 11 o f  wh ich  a r e  illus- 

t r a t e d  i n  F igures  25 through 27, were presented t o  t h e  group o f  pho to  i n t e r -  

p r e t e r s .  They were then asked t o  c l a s s i f y  each o f  t h e  125 f i e l d s  in to  one 

o f  seven c rop  ca tego r i es  t h a t  inc luded  b a r l e y  (B) ,  r e c e n t l y  c u t  a l f a l f a  (Ac), 

mature a l f a l f a  (Am), wheat (w) ,  sugar beets  (SB) ,  mo i s t  ba re  s o i l  (BSrn) and 

d r y  bare s o i l  (BSd). The i n t e r p r e t a t i o n  r e s u l t s ,  expressed i n  percen t  f o r  

a l l  crops combined, have been summarized and a r e  shown i n  Table  17. 

D iscuss ion  o f  Resu l t s .  The i n t e r p r e t a b i l i t y  o f  A p o l l o  9 and R i g h -  

f 1 i ght  photographs (Pan-25, 1R-89B and E k t a  Aero I n f r a r e d )  were cmpared ;  and 

i n  each case, t he  i n t e r p r e t e r s  were a b l e  t o  i d e n t i f y  t h e  va r i ous  c rop  ca tego r i es  

f i e l d  by f i e l d  e q u a l l y  wel l on spaceborne and a i r b o r n e  photos.  Note t h a t  

s i ngle-band photographs taken  on s i n g l e  dates produced o v e r a l l  i n t e r p r e t a -  

t i o n s  r e s u l t s  o f  f a i r l y  low accuracy,  ,xcept f o r  the  Pan-25 image taken Pn 

May. Improved r e s u l t s  were ob ta i ned  w i  t h  May photos because b a r l e y  had s u f -  

f i c i e n t l y  matured ( i .e . ,  tu rned  brown) a t  t h a t  t ime, e n a b l i n g  i t  t o  be easily 

d i s c r i m i n a t e d  f rom a l l  o t he r  crops, Ove ra l l  i n t e r p r e t a t i o n  accurac ies  f o r  

a1 l crops improved s u b s t a n t i a l  By when 5 i ngle-date photography, i n c l u d i n g  the 

May photos, were viewed i n  a mu1 t i b a n d  form ( i  .e., Ekta  Aero I n f r a r e d  photo 

o r  o p t i c a l  l y  combined c o l o r  compos i t e  image) and when s i  ngle-band photos 



F i g u r e  24. A ground t r u t h  map o f  the  16 square m i l e  s tudy  area near Mesa, 
Ar izona. Accuracy o f  image i n t e r p r e t a t i o n  was c a l c u l a t e d  by 
comparing the  i n t e r p r e t a t i o n  t e s t  r e s u l t s  w i t h  the  ground t r u t h  
map. The symbols on the  map s i g n i f y :  "B" f o r  ba r l ey ,  " A n f s  fo r  
mature a l f a l f a ,  "Ac" f o r  c u t  a l f a l f a ,  'ISB1' f o r  sugar beets,  $'blt' 
f o r  wheat, "BSm" f o r  mo i s t  bare  s o i l ,  and I1BSd" f o r  d r y  bare  
s o i l  ( f rom Co lwe l l  e t  al., 1969). 









TABLE 17: TEST RESULTS FOR THE PHOENIX-MESA, ARIZONA STUDY AREA 
EXPRESSED AS PERCENT CORRECT ~DENTIFIcATIONS FOR ALL CROP CATEGORIES 

( ~ r o m  Co lwe l l ,  e t  a1 ., 1969 and P e t t i n g e r ,  e t  a1 ., 1969.) 
-- 

7': A c o l o r  composite image was made w i t h  t he  FRSL O p t i c a l  Com- 
b i n e r  us i ng  Pan-58, Pan-25 and IR-89B images p r o j e c t e d  through 
a b lue,  green and red f i l t e r ,  r e s p e c t i v e l y .  
;':a A c o l o r  composite image was made w i t h  t he  FRSL O p t i c a l  
Combiner us ing  March Pan-25 and May Pan-25 images p r o j e c t e d  
through a v i o l e t  and green f i l t e r ,  r e s p e c t i v e l y .  



(Pan-25) taken on two d i f f e r e n t  dates were viewed i n  a c o l o r  composite form. 

B e t t e r  r e s u l t s  were obta ined us ing  mul t iband images because bare s o i l  i s  

most e a s i l y  separated from vegetated f i e l d s  on f i l m  con ta in ing  an i n f r a r e d  

s e n s i t i v e  band, and mature ba r ley  i s  bes t  d i sc r im ina ted  from sugar beets and 

a l f a l f a  on f i  l m  con ta in ing  a red s e n s i t i v e  band. 

However, the most r e l i a b l e  method o f  i d e n t i f y i n g  a l f a l f a  i s  t h a t  of 

searching f o r  i t s  c h a r a c t e r i s t i c  harves t  p a t t e r n  on sequent ia l  images. Since 

a l f a l f a  i s  p e r i o d i c a l l y  mowed (changing over t ime from mature t o  recen t l y  cut  

t o  mature), a  d i s t i n c t  p a t t e r n  f o r  t h a t  crop i s  r e a d i l y  seen on m u l t i d a t e  

photography. Consequently, mu l t iband/mul t ida te  photography (image 11 ,  F i g u r e  

27) provided the maximum amount o f  i n fo rma t ion  f o r  i d e n t i f y i n g  bar ley ,  ba re  

s o i  1, sugar beets and a l f a l f a .  

Neqative Density Measurements. I n  a d d i t i o n  t o  the  photo i n t e r p r e t a t i o n  

tes ts ,  h i  gh-f 1 i ght mu1 t i  band photography taken o f  the Phoenix-Mesa area was 

analyzed w i t h  the a i d  o f  a densitometer.  As was the case i n  previous t e s t s ,  

the  16 square m i l e  area south o f  Mesa, Arizona, was chosen f o r  s tudy.  Aga in ,  

t h i s  dec i s ion  was based on the f a c t  t h a t  good ground t r u t h  in fo rmat ion  was 

a v a i l a b l e  f o r  the e n t i r e  area f o r  each o v e r f l i g h t  and thus q u a n t i t a t i v e  

evaluat ions cou ld  be made o f  the  imagery. 

Eleven images were se lec ted  f o r  measurement: Pan-25 i n  March, Ap r i  1,  

May and September; Pan-58 i n  March, A p r i l ,  May and September; and IW-89B 

i n  March, A p r i l  and September ( t h e  IR-89B camera mal funct ioned du r ing  the  

May f 1 i g h t )  . These images, cover ing  the  bas ic  broad bands o f  the  spectrum, 

i.e., green, red and near in f ra red ,  were found t o  be most use fu l  f o r  a i d i n g  

i n  crop i d e n t i f i c a t i o n .  The f o u r  dates se lec ted  cover a wide t ime dimension, 

a l l o w i n g  crop phenology t o  a i d  i n  i d e n t i f y i n g  crop type. 

Dens i ty,  expressed as percent  transmiss ion, was measured f o r  f i v e  rep- 

resen ta t i ve  f i e l d s  o f  each c rop  type on each o f  the 1 1  frames o f  photography. 



The measurements were made us ing  a  Welsh Densicron ( 1  mm ape r tu re ) ,  An 

a n a l y s i s  o f  va r i ance  was performed on t he  percen t  t r ansm iss ion  data f o r  each 

photograph. I f  s i g n i f i c a n t  d i f f e r e n c e s  occurred,  the  da ta  were then analyzed 

u s i n g  Duncan's new m u l t i p l e  range t e s t  t o  determine where s t a t i s t i c a l l y  s i g -  

n i f i c a n t  d i f f e r e n c e s  ex is tedamong the  ranked means o f  percen t  t r ansm iss ion  

f o r  the d i f f e r e n t  c rop  types (see Tables 18 - 20) .. 

A  conc lus ion  s i m i l a r  t o  t he  one drawn f rom the  Davis t e s t s  can be made 

regard ing  t he  r e s u l t s  shown here--no s i n g l e  f i l m / f i l t e r  combinat ion can be 

used t o  d i s c r i m i n a t e  among a l l  crops. By u s i n g  two o r  more f i l m / f i l t e r  

combinat ions i n  concer t ,  however, a  g rea te r  number o f  d i s c r i m i n a t i o n s  can be 

made. When a d d i t i o n a l  dates a r e  inc luded  i n  the  a n a l y s i s ,  i t  i s  p o s s i b l e  t o  

i d e n t i f y  nea r l y  a l l  c rop  types. For  example, the  use o f  t h r e e  images allows 

us t o  d i s c r i m i n a t e  t he  s i x  major  c rop  types o r  f i e l d  c o n d i t i o n s  w i t h i n  t he  

16 square m i  l e  s tudy  area.  Sugar beets and bare s o i  1 (mois t  and d r y )  can be 

i d e n t i f i e d  on March Pan-25; c o t t o n  and m i  l o  a r e  e a s i l y  separated f rom every -  

t h i n g  e l s e  on A p r i  1 Pan-25; b a r l e y  i s  bes t  d i s c r i m i n a t e d  i n  May Pan-58; and 

a l f a l f a  ( c u t  and mature) can be e x t r a c t e d  from these t h ree  images a n a l y z e d  

i n  concer t  s i nce  i t  i s  t he  o n l y  major  c r o p  remain ing (on a l l  f i I m / f i l t e r  

combinat ions mature a l f a l f a  and sorghum a r e  no t  d i s t i n g u i s h a b l e ;  h w e v e r ,  

sorghum i s  no t  n e a r l y  as impor tan t  o r  abundant i n  t h i s  r e g i o n  as i s  a l f a l f a ) ,  

E l e c t r o n i c  Enhancements. These same 11 B/W mu1 t iband images were 

e l e c t r o n i c a l l y  scanned and c o l o r  combined u s i n g  t he  I D E C S  system a t  the  

U n i v e r s i t y  o f  Kansas ( the  system has been b r i e f l y  descr ibed  above). The ob- 

j e c t i v e  o f  t h i s  exe rc i se  was t o  determine whether a  s k i  1 l e d  o p e r a t o r  could 

e x t r a c t ,  w i t h  the  a i d  o f  t h e  I D E C S  system, as much i n f o r m a t i o n  on a g r i c u l t u r a l  

c rop  types as d i d  the human photo i n t e r p r e t e r s  g i ven  the  same imagery, S i n c e  

one o f  t he  advantages o f  an e l e c t r o n i c  enhancement dev ice i s  i t s  extreme 

8 9 



TABLE 18: PANCHROMATIC-25; MEAN PERCENT TRANSMISSION I N  RANKED O R D E R  

LEGEND 

B - - 
Am = 
Ac = 
SB = 
BSm = 
BSd = 
W - - 
M - - 
C - - 

b a r l e y  
a l f a l f a ,  ma tu re  
a l f a l f a ,  c u t  
sugar  bee ts  
b a r e  s o i l ,  m o i s t  
b a r e  s o i l ,  d r y  
wheat 
mi l o  
c o t  t o n  



TABLE 19: PANCHROMATIC-58; MEAN PERCENT TRANSMISSION IN RANKED ORDER 

LEGEND 

B - - 
Am - - 
Ac - - 
S B - - 
BSm = 
BSd = 
W - - 
M - - 
C - - 
S - - 

b a r l e y  
a1 f a l f a ,  mature 
a l f a l f a ,  c u t  
sugar beets  
bare  s o i  1 ,  mo i s t  
ba re  s o i  1 ,  d r y  
wheat 
m i  l o  
c o t  t o n  
sorghum 



TABLE 20: INFRARED-89B; MEAN PERCENT TRANSMISSION I N  RANKED ORDER 

LEGEND 

B = 
Am = 
Ac = 
S B  = 
BSm = 
BSd = 
W =  
M = 
C = 
S = 

b a r l e y  
a l f a l f a ,  mature 
a l f a l f a ,  c u t  
sugar beets  
bare  s o i  1 ,  mo i s t  
bare  s o i  I ,  d r y  
wheat 
m i  l o  
c o t  ton  
sorghum 



f l e x i b i l i t y  (e.g., f a s t  scan ra tes ,  r a p i d  data s to rage  and r e t r i e v a l ,  image 

d i s p l a y  v i a  programmed " a d d i t i v e "  and I 1sub t rac t i ve "  a l go r i t hms ) ;  and s ince ,  

i n  a d d i t i o n ,  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  between c rop  type tone d e n s i t i e s  

w i t h i n  the images, the  probabi 1 i t y  o f  succes fu l  d i s c r i m i n a t i o n  between crops 

on t he  IDECS system was h igh .  

Pan-25 images taken i n  A p r i  1 ,  May and September were used s i nce  o n l y  

two scanners were f u n c t i o n i n g  a t  t he  t ime o f  t h i s  s tudy .  Dens i ty  s l i c e s  

were made f o r  a  d i f f e r e n t  t a r g e t  on each o f  the f o l  l ow ing  images o r  combi na- 

t i o n  of images, and the  data were s t o r e d  on a  computer d i s c  f o r  subsequent 

man ipu la t i on  and r e t r i e v a l  (see Table 21). 

The s t o r e d  data were then s e l e c t i v e l y  r e t r i e v e d  and a lgo r i t hms  a v a i l -  

a b l e  w i t h  the I D E C S  system were a p p l i e d  t o  these data i n  an a t t emp t  t o  c o l o r  

code each o f  the  s i x  major  c rop land  ca tego r i es  found i n  the  16 square mile 

area.  The procedure used t o  c rea te  each o f  the  enhanced images i s  g i v e  i n  

Table 22. 

Note t h a t  a d i s t i n c t  c o l o r  was ass igned t o  each ma jo r  c rop land  ca tegory  

except  a l f a l f a .  However, s i n c e  n e a r l y  e v e r y t h i n g  e l s e  i n  t he  area had been 

c o l o r  coded, t h a t  which remained b l a c k  was assumed t o  be a l f a l f a .  The s i x  

c o l o r  enhanced images a r e  shown i n  F igures  28 and 29, a l o n g  w i t h  corresponding 

ground t r u t h  data.  

To eva lua te  the  e f f ec t i veness  o f  t he  I D E C S  enhancements f o r  c rop  iden-  

t i f i c a t i o n ,  the c o l o r  coded images shown i n  F igures  28 and 29 were compared 

w i t h  the  corresponding ground t r u t h  data and the  f i e l d s  c o r r e c t l y  and i n c o r r e c t l y  

c o l o r  coded were t a b u l a t e d  (see Table 23) .  

I t  i s  d i f f i c u l t  t o  draw meaningfu l  conc lus ions  f rom these r e s u l t s  s i n c e  

the  s tudy  was performed o n l y  on a  1 imi  t e d  area.  Never the less,  t he  r a s u l t s  a r e  

c e r t a i n l y  encouraging. Acceptable accurac ies  (75 percent )  i n  terms o f  percent 



TABLE 2 1 .  DATA ON MAJOR CROPLAND CATEGORIES, EXTRACTED FROM SINGLE-BAND, 
MULTIDATE IMAGERY; PHOENIX-MESA, ARIZONA. 

DATE 

A p r i  1 

Sept.  

Apr i 1 
and Sept.  

1 May 
I and Sept.  

and Sept. L 

SUBJECT METHOD CHANNEL 

Co t t on  and urban I s o - d e n s i t y - s l i c e  16 

Ba r l ey  I I 9 

Bare s o i  1 (p re -  I I 15 
v i o u s l y  b a r l e y  o r  
sugar bee ts )  and 
urban 

Urban Ch. 16 and Ch. 15 10 

Bare s o i  1 (p re -  Ch. 9 and Ch. 15 17 
v i o u s l y  b a r l e y )  

Bar ley  and bare 
s o i l  ( p r e v i o u s l y  
b a r l e y )  

Ch. 9 and Ch. 17 14 



TABLE 22. PROCEDURE EMPLOYED TO ELECTRONICALLY ENHANCE AND COLOR D I S P L A Y  EACH 
MAJOR CROPLAND CATEGORY; PHOENIX-MESA, ARIZONA. 

Bar ley  Orange 9 

I Co t ton  (urban) Purp le  (wh i te )  10 + 16 

1 3  Urban Whi te  10 

4 Sugar beets (bare Rust (wh i te  and IS + 17 
s o i  1 f o rmer l y  bar-  b lue)  -r- 10 
ley,  and urban) 

5 Sorghum (bare s o i  1 V i o l e t  (wh i te )  14 + 17 
t h a t  was b a r l e y )  

6 A l f a l f a  B lack  a l l  o f  t h e  
a hove 



0 "! 
Barley = red 

- 

- Cotten = purple 

C - 
Urban = white 

F igure  28. E l e c t r o n i c a l l y  enhanced imagery o f  the Phoenix-Mesa study area 
made w i t h  the IDECS system. See t e x t  f o r  explanat ion.  



Sugar Beets = rust  -- mi 0-q 

A1 fa1 f a  = black 

F igure  29. Elect ron i  c a l  l y  enhanced imagery o f  the Phoenix-Mesa study area 
made w i t h  the  IDECS system. See t e x t  f o r  explanat ion.  



T A B L E  23. EFFECTIVENESS OF ELECTRONIC ENHANCEMENTS FOR CROPLAND IDENTIFICATION; 
PHOENIX-MESA, ARIZONA. 

CROP ENHAN. TOTAL F I E L D S  CODED F I E L D S  COR- F I E L D S  F I E L D S  % % 

B a r l e y  1 3 9 3 5 3 0 9 5 76-9 I k . 3  

C o t t o n  2 3 3 45 3 1 2 16 90.0 35.4  

U r b a n  3 15 13 6 9 13 40.0  100,O 

S u g a r  
B e e t s  4 8 19 

S o r g h u m  5 16 28 

A l f a l f a  6 43 68 3 7 6 3 1 86-0 LcS.6 



T A B L E  24. PERCENT CORRECT AND PERCENT COMMISSION ERROR RESULTS DERIVED BY 
PHOTO I N T E R P R E T A T I O N  (TESTS) AND BY ELECTRONIC IMAGE ENHANCEMENT 
(COLOR CODE) FOR CROPLAND D I S C R I M I N A T I O N ;  PHOENIX-MEXA, ARIZONA, 

CROP PHOTO I N T E R P R E T A T I O N  I D E C S  COLOR CODES 
TYPE % CORRECT % COMM. % CORR. %COMM. ___ 

B a r l e y  8 2 4 7 7 14 

A l f a l f a  8 3 2 1 8 6 46 

S u g a r  b e e t s  3 5 72 7 5 105 

C o t t o n  84 10 90 36 

S o r g h u m  46 3 9 5 0 75 



c o r r e c t  ( c o l o r  code) were ob ta i ned  f o r  a l l  c rop land  ca tego r i es  except  urban 

and sorghum. Since much o f  t he  urban area was a c t u a l l y  p a r t  of  the  U n i v e r s i t y  

o f  Ar i zona  a g r i c u l t u r a l  farm and some developed areas were p l a n t e d  w i t h  l a w n s ,  

t he  urban areas were o f t e n  ca tego r i zed  as a v e g e t a t i v e  type. Sorgi-rum, sugar 

beets  and a l f a l f a  were, as was t he  case i n  the  photo i n t e r p r e t a t i o n  t e s t s ,  

the  most d i f f i c u l t  c rop  types t o  i d e n t i f y .  I t  i s  i n t e r e s t i n g  t o  note t h a t  

the  photo i n t e r p r e t e r s '  r e s u l t s  and I D E C S  c o l o r  coded r e s u l t s  f o r  t h i s  same 

area were q u i t e  s i m i l a r  i n  terms o f  percen t  c o r r e c t  i d e n t i f i c a t i o n ;  however, 

i n  terms o f  percen t  commiss i o n  e r r o r ,  t h e  photo i n t e r p r e t e r s  ' r esu l  t s  were 

s u p e r i o r .  Percent c o r r e c t  and commiss i o n  e r r o r  r e s u l t s  f o r  bo th  methods 

(human photo i n t e r p r e t a t i o n  and e l e c t r o n i c  image enhancement) a r e  g i ven  i n  

Table 24. 

Th is  s tudy  seems t o  i n d i c a t e  t h a t  the  f l e x i b i l i t y  a f f o r d e d  by a n  e l e c -  

t r o n i c  enhancement system, which a1 lows t he  ope ra to r  t o  add and s u b t r a c t  

va r ious  combinat ions o f  i s o d e n s i t y  data de r i ved  f rom bo th  mu l t i band  and m u l t i -  

da te  images, can be an e f f e c t i v e  a i d  i n  d i s c r i m i n a t i n g  among agriccalturaB! 

c rop  types. 

SUMMARY OF RESULTS 

The research repo r ted  upon above represents  a q u a n t i t a t i v e  eva l u a t  ion 

o f  c u r r e n t  techniques used i n  the  a c q u i s i t i o n  and i n t e r p r e t a t i o n  o f  multiband 

photography. Determi na t i ons  have been made o f  the  r e l a t i v e  va lue  f o r  ex- 

t r a c t  i ng u s e f u l  resource i n f o r m a t i o n  of  s i ngle-band photography, mu1 t i  band 

c o l o r  and f a k e - c o l o r  i n f r a r e d  photography, and mu l t i band  black-and.-white 

photography combi ned i n t o  false-color enhancements. 



I n t e r p r e t a t i o n  t e s t i n g  procedures were a p p l i e d  t o  t h e  photography 

acqu i red  o f  f o r e s t e d  lands a t  Yosemite Val l e y  and Bucks Lake, C a l i f o r n i a ,  

and a g r i c u l t u r a l  lands a t  Davis and I m p e r i a l  Val ley,  C a l i f o r n i a ,  and 

Phoenix-Mesa, Ar izona.  I n  addi  t i on ,  nega t i ve  dens i t y  measurements were made 

on  mu l t i band  images c o n t a i n i n g  s e l e c t e d  examples o f  known t e r r a i n  f ea tu res  

and the  r e s u l t s  were q u a n t i t a t i v e l y  analyzed (Davis, I m p e r i a l  V a l l e y  and 

Phoen i x -~esa )  . Furthermore, mu1 t i  band images o f  a g r  i c u  1 t u r a  1 resources 

were combined and enhanced by e l e c t r o n i c  means and the  composite images 

were eva lua ted  i n  terms o f  i n f o r m a t i o n  con ten t .  

The r e s u l t s  o f  t he  i n t e r p r e t a t i o n  t e s t s  were compiled, compared w i t h  

ground t r u t h  data and tabu la ted .  The t e s t  r e s u l t s  were sub jec ted  t o  s t a -  

t i s t i c a l  analyses, when app l  i cab le .  S i g n i f i c a n t  f i n d i n g s  o b t a i n e d  f o r  each 

case s tudy  a r e  presented below: 

Yosemite Val ley ,  Cal i f o r n i a :  Poss ib ly  the  most encouraging r e s u l t s  

suppo r t i ng  t he  use o f  mu l t i band  B/W photography were found i n  t h i s  case s tudy ,  

Whi le  i n d i v i d u a l  f o r e s t  t r e e  species were n o t  c o n s i s t e n l y  i d e n t i f i a b l e  on 

any of  the  image types tes ted ,  i n  t he  case o f  an  impor tan t  f o r e s t  type, con- 

i f e r o u s  t rees ,  a  c a r e f u l l y  s e l e c t e d  s e t  o f  narrow band b lack-and-whi te  

images was supe r i o r .  These images (peak t ransmiss ions  a t  553 nm, 682 nm 

and 754 nm), when p r o j e c t e d  through red, blue, and green f i 1 t e r s ,  respec- 

t i v e l y ,  gave s i g n i f i c a n t l y  b e t t e r  percen t  c o r r e c t  i d e n t i f i c a t i o n  r e s u l t s  

than a l l  o t h e r  image types tes ted .  I n  a d d i t i o n ,  i n  every  t e s t  except  one, 

the  two types o f  s ing le -band imagery ranked lowest  f o r  t r e e  type i d e n t i f i c a -  

t i o n  and the  narrow band enhancement, i n  a1 1  cases b u t  two, ranked h ighes t  

f o r  t h i s  purpose. 

Bucks Lake, C a l i f o r n i a :  The r e s u l t s  o f  t e s t s  c a r r i e d  o u t  on imagery 



of t he  Bucks Lake t e s t  area i n d i c a t e  t h a t  s k i 1  l e d  photo i n t e r p r e t e r s  can 

a c c u r a t e l y  ca tego r i ze  s i x  d i f f e r e n t  f o r e s t  resource types (medium-high den- 

s i t y  t imber ,  low dens i t y  t imber,  b rush  and d ry  s i t e  hardwoods, r i p a r i a n  

and meadow vegetat ion,  bare s o i l  o r  rock, and water  bodies) w i t h  a h i g h  

degree o f  accuracy, i .e., h i g h  percen t  c o r r e c t  i d e n t i f i c a t i o n  and Pow pes- 

cen t  commission e r r o r .  Only on two types o f  imagery, IR-89~ and a broad 

band enhancement (green, r ed  and near i n f r a r e d  bands p r o j e c t e d  through 

blue, r ed  and green f i l t e r s ,  r e p e c t i v e l y )  were problems encountered i n  

i d e n t i f y i n g  resource types. These resu l  t s  emphas i z e  t he  f a c t  tha t band  

s e l e c t i o n  and enhancement procedures must be c a r e f u l  l y  eva luated,  Not a l B 

enhancements of  mu l t i band  imagery a r e  go ing t o  p rov ide  a d d i t i o n a l  informa- 

t i o n ;  i n  f a c t ,  i n f o r m a t i o n  f r e q u e n t l y  can be reduced by t h e  enhancement 

procedure i f  improper ly  app l ied .  

Davis, C a l i f o r n i a .  Mu l t i band  photographs s e q u e n t i a l l y  ob ta i ned  over  

a t a r g e t  a r r a y  of  a g r i c u l t u r a l  crops were measured w i t h  the  a i d  of a densi -  

tometer.  I n  an a t tempt  t o  d i s c r i m i n a t e  between crops ( a l f a l f a ,  tomato, 

potato,  m i l o ,  s a f f l o w e r ,  wheat, bar ley ,  sugar beets and co t t on )  the  dens i t y  

data were s t a t i s t i c a l l y  compsred. The a n a l y s i s  o f  the  r e s u l t s  i n d i c a t e s  

t h a t  no s i n g l e  f i l m / f i l t e r  combinat ion c o u l d  be used t o  i d e n t i f y  a l l  crops 

i n  t he  t a r g e t  a r ray .  By i n c r e a s i n g  t he  bands o f  photography, however, more 

d i s c r i m i n a t i o n s  cou ld  be made. Furthermore, a d d i t i o n a l  gains were made i n  

d i s c r i m i n a t i n g  among crops when u t i l i z i n g  mu1 t i d a t e  photography. A f t e r  

ex tens i ve  t e s t i n g  o f  numerous bands and dates o f  photography, i t  was found 

t h a t  a p a r t i c u l a r  combinat ion o f  bands and dates, a l t hough  p robab ly  not  

unique, gave complete s t a t i s t i c a l  d i s c r i m i n a t i o n  between a l l  crops tes ted- -  

Pan-25 on J u l y  17, Pan-25 on August 14 and IR-301+58 on  J u l y  25. 



I m p e r i a l  Val ley,  C a l i f o r n i a :  I n t e r p r e t a t i o n  t e s t s  were performed on 

var ious  types o f  imagery taken on  a  s i n g l e  date.  I t  was concluded t h a t  i f  

g i ven  t he  t a s k  o f  c l a s s i f y i n g  t he  impor tan t  a g r i c u l t u r a l  crops i n  Imperial 

Val l e y  w i t h  s i n g l e  da te  ( ~ u l y )  photography, mu1 t i b a n d  r a t h e r  than  s ing le -band 

photographs would be more use fu l .  Moreover, c o l o r  compos i t e  mu 1 t i  band photos 

c o n s i s t e n t l y  y i e l d e d  as much i n f o r m a t i o n  on c rop  ca tego r i es  as c o l o r  and 

f a l s e - c o l o r  i n f r a r e d  f i lms. 

An a d d i t i o n a l  t e s t  was performed on the  s e t  o f  s ing le -band photos 

(IR-301+25) whereby t he  imagery was analyzed by two groups o f  i n t e r p r e t e r s  

d i s p l a y i n g  d i f f e r e n t  l e v e l s  o f  s k i l l .  I n  t h i s  case, t he  more exper ienced 

and s k i 1  l f u l  group ob ta ined  r e s u l t s  t h a t  were s i g n i f i c a n t l y  b e t t e r  than 

those o f  the l ess  s k i  1 l f u l  group, 

L a s t l y ,  a n a l y s i s  o f  microdensi tometer  da ta  de r i ved  f rom the  Imper ia l  

Va l l ey  photography i n d i c a t e d  t h a t  the  green band, d i sp layed  l ess  variability 

w i t h i n  f i e l d s  than d i d  the  red band, thus p rov ided  more r e l i a b l e  crop d i s c r i m i -  

n a t i o n  i n fo rma t i on .  However, t he  h i g h  degree o f  v a r i a b i l i t y  w i t h i n  c rop  types 

seen on bo th  bands, t h e  green and t h e  red,hindered accu ra te  c rop  i d e n t i f i c a t i o n .  

Phoenix-Mesa, Ar izona : The pho to  i n t e r p r e t a t  i on t e s t s  performed on 

Apol l o  9 and h i g h  a1 t i  tude photographs taken o f  a  16 square mi l e  area near 

Mesa, Ar izona, f u r t h e r  suppor ted the  f i n d i n g s  o f  the  p rev ious  s t u d i e s  i n v o l -  

v i n g  a g r i c u l t u r a l  i nven to r i es .  S ing le-banddsing le-date photos produced the  

lowest  r e s u l t s .  Improved r e s u l t s  were ob ta ined  when e i t h e r  mu l t i band  or 

mu1 t i  date photography was employed. However, mu1 t i band/mul t i  date photog- 

raphy ( t h ree  separate c o l o r  i n f r a r e d  photos taken i n  March, A p r i l  and May 

and viewed i n concer t )  p rov ided  the maximum amount o f  i n f o r m a t i o n  f o r  i d e n t i f y -  

i n g  the four  major  c rop land  ca tego r i es  present- -bar ley,  bare  s o i  1 ,  sugar 

beets  and a l f a l f a .  

I n  a d d i t i o n ,  nega t i ve  d e n s i t y  measurements made on broad band, mu1 t i d a t e  



photography (s im i  l a r  dates) f u r t h e r  suppor ted these f i nd ings .  Q u a n t i t a t i v e  

analyses o f  o p t i c a l  d e n s i t y  da ta  f o r  each c rop  type  i n d i c a t e d  t h a t  a1 l 

ca tego r i es  c o u l d  be d i s c r i m i n a t e d  on  Pan-25  arch), Pan-25 (Apr i  I ) ,  a n d  

Pan-58 (May) . 
Las t l y ,  mu l t i band /mu l t i da te  images o f  t he  16 square m i l e  area were 

e l e c t r o n i c a l l y  enhanced on IDECS.  A l though q u a n t i t a t i v e  data a n a l y s i s  was 

n o t  poss ib le ,  t he  g rea t  p o t e n t i a l  o f  such an  enhancement system, i n  p a r t i c -  

u l a r  the f l e x i b i  1 i t y  of  data s torage,  r e t r i e v a l ,  compression and d i s p l a y ,  

was a p t l y  demonstrated i n  terms o f  c o l o r  cod ing  and d i s c r i m i n a t i n g  between 

a g r i c u l  t u r a  1 crops i n  t he  Phoenix-Mesa area. 

CONCLUS I O N S  

The t h e o r e t i c a l  arguments f o r  t he  use o f  mu1 t i b a n d  photography have 

been the  t o p i c  o f  s p i r i t e d  d i scuss ion  f o r  q u i t e  some t ime.  Responsive t o  

t h i s  t h e o r e t i c a l  p o t e n t i a l ,  h i g h l y  e f f e c t i v e  m u l t i l e n s  cameras and multiple 

camera a r rays  have been developed which a r e  capable o f  a c q u i r i n g  h igh  qual -  

i t y ,  c a l i b r a t e d  mu l t i band  photography. Nevertheless, a q u a n t i t a t i v e  assess- 

ment o f  the  advantages and disadvantages o f  such photography has been d i f f i -  

c u l t  t o  achieve. The s e r i e s  o f  exper iments descr ibed  i n  t h i s  r e p o r t  h a v e  

been designed and implemented t o  h e l p  assess the use fu lness  o f  mu1 t i b a n d  

photography. 

I n  each o f  the  case s tud ies ,  t e s t  r e s u l t s  i n d i c a t e d  t h a t  mu1 t i b a n d  

photography c o n s i s t e n t l y  y i e l d e d  h ighe r  i n t e r p r e t a t i o n  accurac ies  than any 

type  o f  s i ngle-band photography. I n  add i t i on ,  b lack-and-whi te  mu1 t i band 

photos p r o p e r l y  procured and d i sp layed  as f a l s e - c o l o r  composite imagery i n  



a1 1 cases rendered as much (or  as 1 i t t l e )  in fo rmat ion  as convent ional  t r i-  

emulsion l aye r  c o l o r  o r  f a l s e - c o l o r  i n f r a r e d  f i lms .  Furthermore, by draw- 

i n g  on the f l e x i b i l i t y  a f fo rded  by mu1 t iband photography (i.e., optimum 

fa lse-co lo r  enhancements o f  p rope r l y  se lec ted  bandpasses) , c e r t a i n  composite 

images were found t o  be super io r  t o  a1 1 o the r  types o f  photography be ing  

tested--as was the case f o r  the i d e n t i f i c a t i o n  o f  coni ferous t rees  a t  

Yosemite Val ley.  

This  does not  mean t h a t  mul t iband photography i n  concer t  w i t h  a d d i t i v e  

c o l o r  image enhancement i s  a panacea, e s p e c i a l l y  when i t s  usefulness i s  

compared t o  o the r  types o f  convent ional photography. The mer i t s  of B/W 

mul t  iband photography versus c o l o r  and single-band, B/W photos have been 

the t o p i c  o f  numerous research studies.  We f e e l  t h a t  t oo  o f t e n  the assumed 

value o f  c e r t a i n  types o f  photography res ts  on the demonstrated s u p e r i o r i t y  

o f  one f i l m  type over another.  Frequent ly  overlooked i s  the assessment o f  

f l e x i b i l i t y  o f  the photography's use, e s p e c i a l l y  when two o r  more types o f  

imagery may prov ide s i m i l a r  t e s t  resu l t s .  

We do not  advocate us ing  mu1 t i band  photography when convent ional 

black-and-white o r  c o l o r  w i l l  prov ide acceptable resu l t s .  However, multiband 

photography does prov ide  c e r t a i n  advantages and f l e x i b i l i t y  t h a t  ~ o l o r  ernul- 

sions do not,  inc luding:  ( 1 )  g rea ter  s p a t i a l  reso lu t ion ;  (2) a b i l i t y  to com- 

pensate f o r  poor exposure and extreme haze a f t e r  photo acqu is i t i on ;  ( 3 )  the 

i n d i v i d u a l  photographs can be used t o  r e c o n s t i t u t e  a c o l o r  o r  f a l s e - c o l o r  

image; (4) the  same photographs can be used t o  o b t a i n  a d d i t i o n a l  false-color 

images c u r r e n t l y  unavai l a b l e  w i t h  c o l o r  emulsions; and (5) optimum spec t ra l  

bands can be se lec ted  f o r  the resource type o f  i n t e r e s t .  



The case s tud ies  presented i n  t h i s  r e p o r t  seem t o  lend credence t o  the 

assumption t h a t  mu1 t i band  techniques o f f e r  a  f l e x i b i  1 i t y  i n  terms of image 

formation and i n t e r p r e t a t i o n  t h a t  cannot e a s i l y  be matched by any o t h e r  con- 

vent iona l  photographic technique. These facts, p lus  the  imminent p o s s i b i l i t y  

o f  a c q u i r i n g  mul t iband imagery on a  g loba l  basis  from o r b i t i n g  veh ic les  $e,g,, 

Ear th Resources Technology Sate1 1 i tes and S kylab) , lead us t o  recommend t h a t  

image ana lys ts  review the s t a t e - o f - t h e - a r t  techniques f o r  a c q u i r i n g  a h d  

i n t e r p r e t i n g  mu1 t i band  imagery. 
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