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I. INTRODUCTION 

In recent years it has been demonstrated-that certain kinds of in- 

foimation sought by scientists through the medium of remote aerial recon- 

naissance are best obtained when sensing in one particular region of the 

electromagnetic spectrum; other kinds, in some other region. It follows 

that a greater amount of information will be obtainable if two or more 

sensors are used, each especially adapted to the sensing of energy in its 

awn spectral band, than if reliance were to be placed on either of the 

sensors alone. Most of these sensing devices provide a photograph direct- 

ly, but some record the energy in some intermediate form which is then re- 
- 

constituted into a photo-like image. The terms "spectrozonal photography", 

"multispectral photography " , and "mu1 t iband spectral reconnaissance have 

been employed by various experts to describe this concept. 

The brightness, or tone, with which an object is registered on a 

photograph depends largely on the amount of light which the object reflects 

within the spectral zone employed in taking the photograph. Two or more 

objects may reflect exactly the same amount of energy in one spectral zone; 

if so, the photo interpreter cannot differentiate them on the basis of tone 

when all available photos of the objects have been taken only in that zone. 

It is very unlikely, however, t h a t  the objects will reflect exactly the 

same amount of energy in all spectral zones for which there is a remote - 
sensing capability. Consequently, if the objects are photographed in two 

or  more properly-selected spectral zones, it should be possible to differ- 

entiate them; furthermore, it may be fully as informative, in some instances, 
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to !-,now that the objects have the same reflectance characteristics in one 

spectral zone as to know that they have different reflectance characteris- 

tics in a second spectral zone. Alternateu- stated, a more complete "tone 

signature" can be read from photographs taken in two or more zones than 

from photographs taken in only one zone, and the more complete the tone 

signature, the more certain the identification. 

- 

Generally speaking, the higher the altitude from which photography 

is taken, the greater the reliance which a photo interpreter must place 

on an object's tone signature when attempting to identify it, and the less 

reliance he can place on the object's configuration. 

spectral tone signature of a rock, soil or vegetation type often indicates 

the composition of that type, tone signatures assume considerable impor- 

tance for the interpretation of natural terrain features. 

Since the multi- 

From the foregoing it is apparent that, before adequate interpre- 

tation can be made of airborne and spaceborne photography, it is important 

to secure the spectral responses of the terrain features that are to be 

identified. 

experiment herein reported were: (1) to define the spectral reflectance 

characteristics of selected terrain features in a specified test area by 

on-the-ground measurements of spectral reflectance, (2) to determine from 

811 analysis of spectrometric data the optimum film-filter combinations that 

should be used when taking multispectral photography of these features; 

a n d  (3) to predict the tone signatures of the terrain features as they 

would appear on such photography. 

etative cover, an additional objective was (4) to correlate the seasonal 

changes in light reflectance from the vegetation with the tone values of 

Pursuant to this principle, the primary objectives of the 

For test sites having a significant veg- 
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t h a t  vegetation on mult ispectral  photography taken at the various seasons. 

It was recognized t h a t  the sa t i s fy ing  of these object ives  would necess i ta te  

considerable cor re la t ion  of both ground observations and spec t r a l  r e f l ec -  

tance measurements with the geologic and vegetative in te rpre ta t ion  of the 

mul t i spec t ra l  photographs. 

. 

Most of t h i s  experiment dea l t  w i t h  the Pisgah Crater area i n  the 

Mojave Desert of California.  In  th i s  ar id  region, the seasonal e f f e c t s  

of vegetation a re  not of primary importance. Hence, l i t t l e  consideration 

was  given t o  object ive (4)  when stud.ying the Pisgah Crater area.  However, 

as an extension of the s tudies  reported herein s imi la r  tests are  now being 

made on a se lec ted  s i t e  i n  the San Joaquin Valley of California,  i n  which 

seasonal e f f e c t s  of vegetation assume paramount importance. The r e s u l t s  

of these stuciies w i l l  be reported subsequently. 
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11. EXPERIMENTAL PROCEDURE 

1. Aerial  photographs were obtained from the U.S. Geological Survey, 

Washington, D.C., of the test  s i t e  wherein t h i s  invest igat ion was  

t o  be conducted, namely the Pisgah Crater Area i n  the Mojave Desert 

of Cal i fornia .  

Within the general  t es t  si te,  boundaries of two tes t  strips were 

delineated d i r e c t l y  on the photos. One of these s t r i p s  was centered 

d i r e c t l y  over Pisgah Crater i tself ;  the other  s t r i p  sampled represen- 

t a t i v e  t e r r a i n  conditions at one edge of the Pisgah lava flow i n  the 

v i c i n i t y  of a dry lake bed Immn as "Lavic Lake". 

A de ta i led  on-the-ground study of the  two tes t  strips was made by 

the  p r inc ipa l  invest igator  i n  conjunction with two expert geologists 

of the Cal i fornia  Division of Mines and Geology, both of whom had 

acquired severa l  years of experience i n  mapping the geology of the 

Mojave Desert and environs. 

a t ion  of what a r e  present ly  believed to be the most s ign i f i can t  t e r -  

r a i n  c lasses  of the Pisgah Crater t e s t  site, as i l l u s t r a t e d  i n  the  

s t e reo  t r i p l e t s  on the following two pages. 

On ",e bas i s  of this study, and while s t i l l  i n  the f i e l d ,  a la rge  

number of representat ive sample p lo t s  were selected for  each terrai.n 

c l a s s ,  ancl each was p lo t ted  on the a e r i a l  photographs. 

Through use of a random select ion process, a determination was made, 

for  each t e r r a i n  class, as t o  which of these representat ive p l o t s  

WOlJId  be used when obtaining spectrometrj c data and target-array 

samples. 

2. 

3. 

The r e s u l t  of t h i s  study was a deline- 

4. 

5. 



Spectrophotometer i n  operation on a sample plot  i n  
rough lava. 

I I 
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6. A t  the  request of the pr incipal  invest igator ,  NASA entered i n t o  a 

separate contract  w i t h  the Barrier Intrusion Branch, Engineer Re- 

search and Development Laboratories, Army Corps of Engineers. 

this contract ,  Army personnel, using t h e i r  portable spectrophotom- 

e t e r ,  occupied each of the selected spots for the purpose of making 

a t  l e a s t  nine l i g h t  reflectance measurements within each t e r r a i n  

Under 

c lass .  

ments were taken (within one of the randomly se lec ted  p l o t s )  was as 

indicated by the  pr inc ipa l  invest igator  and h i s  a s s i s t an t s .  

of 100 read.ings were thus made of l i g h t  ref lectance from the t e r r a in ,  

wavelength-by-wavelength, for the e n t i r e  range w i t h i n  which the spec- 

trophotometer i s  operative (a-pwoximately 260 t o  2,000 millimicrons). 

A f u l l  report  r e l a t i v e  to th i s  E.R.D.L. e f f o r t  i s  t o  be found i n  a 

publ icat ion e n t i t l e d  "Reflectance s tudies  of Pisgah Crater ,  Califor- 

n ia"  by Harold Throchorten,  L. B. Matthews, an2 J. R. Smirnov, of 

the U.S, Army Engineer Research and Development Laboratories, Fort  

Belvoir, Virginia  (Aug. 196h). The equipment used i n  making these 

ref lectance s tudies  i s  i l l u s t r a t e d  on the following page. 

From each spot a t  wnich l i g h t  ref lectance measurements had been made, 

a sample of the weathered surface m t e r i a l  w a s  obtained and t rans-  

ported t o  the E lec t r i ca l  Engineering Laboratory of the University 

of California at Richmonci, California.  Most of the surface samples 

were no more than about two t o  four inches square, but were of ample 

si::e t o  peimit t h e i r  being analyzed w i t h  the laboratory- tme spec- 

troDhotometer. In  several  instances, however, much l a rge r  samples 

were obtained f o r  l a t e r  use i n  photographic t e s t s  t o  be made from 

I n  each instance the spot at  which l i g h t  ref lectance measme- 

A t o t a l  

'7. 
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a water tower on the Davis Campus of the University of Cal i fornia  

and a l s o  from Glacier Point i n  Yosemite Valley, as l a4  e r  described. 

From each samlple a representative Fort ion vas  mounted w i t h  i t s  

weathered surface exposed; i t s  s p e c t r a l  ref lectance cha rac t e r i s t i c s  

were then measured, wavelength-by-wavelength, w i t h  a General E lec t r i c  

laboratory spectrophotometer, throughout the  e n t i r e  range for  which 

tha t  spec+rophotmeter i s  operative (400 t o  1,000 millimicrons). 

Although t h i s  instrument has  a more limited spec t r a l  range than the 

E.R.D.L., portable  spectrophotometer, it nonetheless coversvir tual ly  

a l l  of the spectrum i n  which photographic images can be obtained 

d i r e c t l y  on film emulsions by means of' remote reconnaissance; hence 

it gave information highly per t inent  t o  the present study. A major 

object ive i n  obtaining t h i s  second set of readings was t o  determine 

the  extent  t o  which re l iance  might be placed i n  fu ture  t e s t s  on 

laboratory measurements of l i g h t  ref lectance,  r a the r  than on more 

cos t ly  and laborious f i e l d  measurements. 

The remainder of each of the samples f o r  which a large amount of' 

mater ia l  had been se lec ted  was t ransported t o  a spot beneath a 150- 

foot water tower on the Davis Campus of the University of California.  

3. 

- 
9. 

10. A t o t a l  of 72 color ;panels made of Masonite sheets, each four f e e t  

square and sprayed w i t h  paints having proper hue, value and chroma 

cha rac t e r i s t i c s  (as recommended by Harry J. Keegan of the Colorimetry 

Laboratory, National Bureau of Standards, Washington, D.C .) a l s o  were 

transported t o  the  Davis Campus. 

11. Sections li x 5 inches i n  s ize  were cut from rolls of each of the fo l -  

l a r i n g  kinds of aerial film: Aer ia l  Ektachrome f i l m ,  Camouflage 



Water Tower, Davis, Cal i fornia .  
C a t w a l k  i s  approximately 150 f e e t  
above the ground. Note color  
panels at  base of tower. 

Water Tower, Davis, Cal i fornia .  
C a t w a l k  i s  approximately 150 f e e t  
above the ground. Note color  
panels at  base of tower. 

I 
I 
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12. 

Detection f i l m ,  Aerial  Panchromatic Super XX fi lm, and Infrared Aero- 

qraphic film. I n  addition, 4 x 5 inch sheets were purchased of each 

of the  following kinds of film that normally a re  used i n  taking con- 

ventional t e r r e s t r i a l  photography: 

a t i c ,  Infrared,  Ektachrome, and Ektacolor. 

narrow-band and wide-band f i l t e r s  a l s o  was obtained, including the 

Wratten 12, 25A, lt7B, 61, 87C and 89B. The cut films were mounted 

i n  holders and exposed, using a Speed Graphic camera, i n  combination 

w i t h  various filters. 

the color  panels and Pisgah Crater t e r r a i n  samples. 

s t a t i o n  was the  catwalk of the l5O-foot water tower at  Davis, be- 

neath which the t a rge t  a r ray  had been emplaced.. 

was taken at a high sun angle, the photographic period being centered 

around high noon, l o c a l  sun time; a second s e t  of photos was  taken 

at  a low sun angle, centered about the one hour period immediately 

preceding sunset on the same day. 

t i c a l  and. were taken from precisely the same camera s t a t ion .  A few 

addi t iona l  photos were taken with a second Speed Graphic caaera t o  

determine the extent t o  which possible differences i n  lens  opt ics  

might af fec t  the  tone or  color valu.es w i t h  which the various elelrents 

of the t a rge t  a r ray  regis tered on the photographs. 

TJpon campletion of the Davis t e s t ,  materials comprising the ta rge t  

Orthochromatic, T r i - X  Panchrom- 

A l a rge  assortment of 

The ta rge t  f o r  these exposures consisted of 

The camera 

One s e t  of photos 

A l l  of the photos were t r u l y  ver- 

a r ray  were transported t o  a point on the f loo r  of Yosemite Valley, 

wnich i s  approximately 3,000 f e e t  lower than the selected camera s ta -  

t ion  a t  Glacier Point. The s l an t  range t o  the  t a rge t  a r ray  from the 
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camera s t a t i o n  was about k,OOO feet. 

aerial photos could be taken which were i n  many respects  comparable 

t o  those taken at  Davis. The main difference was t h a t  a much longer 

column of air (4,000 feet instead- of 150 f e e t ) ,  with corresponfiingly 

l a rge r  amounts of atmospheric haze, separate6 camera s t a t i o n  from 

tarzet i n  the Yosemite t e s t  as compareclwith the Davis tes t .  

'nigh and l o w  sun angle photos were taken a t  Yosemite, j u s t  as a t  

Davis. 

were taken both at  Yosemite and Davis. 

A l l  of the Davis and Yosemite photography was processed and pr in ted  

pronptly t o  avoid possible  deter iorat ion of the image (pa r t i cu la r ly  

of the color f i lms) .  

Using a Welch Densichron w i t h  a 0.02" aperture,  the tona l  dens i t ies  

were read ?oo. each element of the t a rge t  a r ray  as imaged on each of 

the Davis and Yosemite negatives. 

From a preliminary analysis  of the Pisgah Crater spectrophotometric 

data, several  black-and-white f i l m - f i l t e r  combinations were selected 

which appearec: t o  o f f e r  grea tes t  promise of providing, e i ther  indivi-  

dually or i n  concert, cnique tone signatures for  the various Pisgah 

Crater t e r r a i n  c lasses .  

Using a K-17 camera having a f o c a l  length of 12 inches, t rue  a e r i a l  

photographs were taken of the two selected tes t  s t r i p s  a t  Pisgah 

Crater,  w i t h  each of the  selected f i l m - f i l t e r  combinations; a e r i a l  

photography of the same areas a l s o  w a s  fluwn on t h e  same day, w i t h  

both Aer ia l  Ektachrome f i l m  and Camouflage Detection f i l m .  For each 

f i l m - f i l t e r  combination, both high and low sun angle photography was 

taken, and color temperature readings were taken as they had been a t  

Consequently near v e r t i c a l  

Both 

Color temperature readings a t  the  times of photography a l so  

13. 

1L. 

15. 

16. 
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Yosemite and Davis. 

above the rim of Pisgah Crater. 

used at both Davis and Yosemite were inclufied in a target array that 

was emplaced on the rim of Pisgah Crater on the day of photography. 

Using the Welch Densichron, tone density values were read for each 

terrain class and for each element of the color panel array on each 

of the aerial negatives that were obtained in the flights over Pisgah 

Crater. 

Using all of the spectrometric data obtained with the portable and 

laboratory spectrophotometers, and using the procedures and computer 

techniques described in detail in the original proposal, a complete 

spectrometric analysis was made with the IBM 7094 computer at Berkeley. 

From this analysis it was possible to compute the theoretical tone 

value with which each kind of material comprising the target array 

should register on each of the multispectral photographs taken at 

Davis, Yosemite and Pisgah Crater. 

orated accurate information on spectral sensitivities of the films 

used, spectral transmissivities of the filters, and color temperature 

of the illuminant at the time of photography. 

The flight altitude was approximately 4,000 feet 

The same color panels as had been 

17. 

18. 

These camputations also incorp- 
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111. ANALYSIS OF DATA 

The analysis of the raw spectrophotometer curves and densitometer 

measurements of negative density was divided into two distinct phases: 

(1) the prediction of the film-filter combination, or combinations, which 

would b est exploit the reflectance differences between two or more objects 

of interest; and (2) the prediction of tone values for the objects of in- 

terest as seen on the optimum film-filter combinations thus specified. 

A. Prediction of optimum film-filter combinations. In Appendix 

A of the original proposal for this research, the techniques employed to 

predict optimum film-filter combinations by Electronic Data Processing 

(E.D.P.) techniques were outlined. Briefly stated, the system attempts to: 

(1) assess the variability of reflectance associated with each terrain type 

or other object of interest throughout the visible and near-infrared portion 

of the electromagnetic spectrum; (2) calculate the normalized mean reflec- 

tance difference, and the standard deviation of the normalized mean reflec- 

tance difference; (3) apply a "T" test to determine the significance of the 

reflectance differences; and (4) predict the part, or parts, of the visible 

and near-infrared portion of the electromagnetic spectrum wherein significant 

reflectance differences exist between objects of interest. 

The data for this portion of the analysis consisted of nine reflec- 

tance curves for each terrain type selected for study at the Pisgah Crater 

test site. 

three random samples taken in each block. ) 

(In each instance the nine curves came from three blocks with 

The reflectance characteristics 
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of the samples were measured by both the U.S. Army's E.R.D.L. portable  

spectrophotometer and a General Elec t r ic  laboratory spectrophotometer, as 

previously described. I n  addition, three ref lectance curves were obtained 

of each color  panel from the  G. E. laboratory spectrophotometer. 

A computer program was wri t ten t o  ca lcu la te  the  normalized mean 

ref lectance differences between a l l  possible combinations of color panels 

and of t e r r a i n  types, and t o  assess the significance of these differences.  

After completion of the  computer program, however, it became necessary t o  

forego temporarily the  predict ion of the  f i l m - f i l t e r  combinations which 

would best explo i t  the s ign i f icant  ref lectance differences between t e r r a i n  

types at  Pisgah Crater.  This decision was necessi ta ted by the  unfortunate 

t h e f t  of the  E.R.D.L. spectrophotometer t ruck  and generator. The equip- 

ment was eventually recovered and  the readings completed; however, t h i s  

unexpected event forced postponement t o  a l a t e r  date the  reading of r e f l ec -  

tance cha rac t e r i s t i c s  of many of the t e r r a i n  types at  Pisgah Crater. A l -  

though t h i s  postponement e f fec t ive ly  ruled out the  making of predict ions 

of optimum f i l m - f i l t e r  combinations, it i n  no way invalidated the  making of 

a subsequent determination of how e f fec t ive ly  such predict ions might be made. 

Hence the  bas ic  objective f o r  t h i s  p a r t  of the study was nonetheless achieved. 

With the a i d  of such spectrometric data as had been obtained before 

t h e f t  of the E.R.D.L. t ruck and generator, a decision was made t o  photograph 

t h e  Pisgah Crater t e s t  area with s ix  f i l m - f i l t e r  combinations which col lec-  

t i v e l y  would sample each major spectral  band throughout t h a t  portion of t he  

electromagnetic spectrum being considered i n  t h i s  study (0.4-1.0 microns). 

These f i l m - f i l t e r  combinations were: 
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(1) 

(2 )  

(3) 

(4)  

(5) 

(6) 

Panchromatic f i l m  -- Wratten 12 F i l t e r  (.48-.72 microns) 

Panchromatic f i l m  -- Wratten 47B F i l t e r  (.33-.49 microns) 

Panchromatic fi lm -- Wratten 61 F i l t e r  (.47-.62 microns) 

Panchromatic f i l m  -- Wratten 90 F i l t e r  (.56-.72 microns) 

Infrared f i lm -- Wratten 8 9 ~  F i l t e r  (.71-.96 microns) 

Infrared f i lm -- Wratten 87c F i l t e r  (.8-.97 microns) 

B. Prediction of tone values on mult ispectral  photography. The 

predict ion of tone values by t h e  use of Electronic Data Processing tech- 

niques i s  somewhat more d i f f i cu l t  than t h a t  of predicting optimum f i l m - f i l -  

t e r  combinations. 

be combined with t h e  f i l m  s ens i t i v i ty  and f i l t e r  transmission curves such 

t h a t  t he  f i n a l  value obtained from the  computer program i s  predictably 

r e l a t ed  t o  the  ac tua l  tone value of the  object as seen on an aerial nega- 

t i v e .  

would perform t h e  following functions: 

obtained from the  spectrophotometers used i n  t h i s  study (including a 

l imited number of readings obtained with a Cary laboratory spectrophotometer 

and a Pritchard portable spectrophotometer) thereby providing curves f o r  each 

t e r r a i n  type and color panel which represented the  mean of a l l  v a r i a b i l i t y  

within t h a t  type; (2)  integrate  the  reflectance curves of the  objects of 

i n t e r e s t  with the f i lm sens i t i v i ty  curves and the  f i l t e r  transmission 

curves f o r  the  f i l m - f i l t e r  Combinations used i n  the study; 

t h e  values from ( 2 )  on a zero t o  100 scale  using those values exhibit ing 

the  grea tes t  difference as the standards (e.g., white and black color 

panels, Lake Bed Material and Rough Lava, e tc . ) ;  (4)  standardize the  

The reflectance curves of the  object  of i n t e r e s t  must 

To provide t h i s  information, a computer program was wr i t ten  which 

(1) average the  reflectance curves 

(3)  standardize 
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densi ty  values obtained from the  a e r i a l  negatives i n  the  same manner; 

( 5 )  pred ic t ,  using two separate functions ( l i n e a r  and logarithmic) a the- 

o r e t i c a l  tone value f o r  each object of i n t e r e s t  as seen on a specified 

f i lm- f i l t e r  combination; (6) compute the following: (a) the  coeff ic ient  

of correlat ion between the ac tua l  and predicted tone values; (b)  t he  

Kolmogorov-Smirnov s t a t i s t i c g  f o r  the same two values, and ( c )  t he  least 

square regression l i n e  between these two values. 

From a study of the s t a t i s t i c s  obtained i n  s tep  ( 6 ) ,  conclusions 

could be made as t o  the  value of making a s t a t i s t i c a l  analysis t o  derive 

film-filter specif icat ions.  

be carefu l ly  examined: 

spectrophotmeters,  (b) t h e  effect  of length of air  column between camera 

and t a rge t ,  and consequent atmospheric attenuation, ( c )  t he  e f f ec t  of 

exposure, ( d )  t he  e f f ec t  of sun angle, ( e )  the  e f f ec t  of camera angle, 

( f )  t he  e f f ec t  of slope and aspect, (g )  t he  e f fec t  of disturbance of the  

t e r r a i n  materials and (h)  the  re la t ive  meri ts  of the E.D.P. predict ion 

procedure and other  a l t e rna te  procedures. 

I n  t h i s  regard each of the  following were t o  

(a) the  re la t ive  meri ts  of portable and laboratory 

l-/ The K-S s t a t i s t i c ,  frequently used t o  t e s t  "goodness of  f i t "  of 
frequency d is t r ibu t ions ,  i s  used i n  t h i s  study t o  provide an indicat ion of 
t h e  magnitude of deviation between the  ac tua l  and the  predicted tone values. 
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IV. RESULTS OF THE ANALYSIS 

A. 

used in the study. 

ing a U.S.  Army E.R.D.L. portable spectrophotometer, a General Electric 

laboratory spectrophotometer, a Pritchard portable spectrophotometer and 

a Cary laboratory spectrophotometer (the latter two were limited to esti- 

mating the reflectance characteristics of a selected number of color panels). 

The following discussion is pertinent to the advantages and limitations of 

the spectrophotometers used. 

Advantages and limitations of the various spectrophotometers 

Four spectrophotometers were used in the study, includ- 

Pritchard Portable Spectrophotometer 

Developed by the Itek Corporation of Palo Alto, this spectrophoto- 

meter has the advantage of true mobility, being relatively light and bat- 

tery operated. It appears that the instrument can be quite useful for 

obtaining an appreciation of the reflectance characteristics between objects 

in the visible portion of the electromagnetic spectrum. Its use in multi- 

spectral research is limited, however, by at least two factors: 

inability to record continuously across the spectrum thereby necessitating 

interpolation of the reflectance curve's true shape and (2) the limited 

spectral range in which the instrument, as presently constructed, is capable 

of being used to measure light reflectances (400-650 millimicrons in this 

test). 

(1) its 

This latter deficiency limited effective use of the instrument for 

predicting tone values to only one film-filter combination -- Panchromatic 
film with a Wratten 61 filter. For all other film-filter combinations 
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used the spectral range of the reflectance readings did not coincide suffi- 

ciently well with the spectral bands used in forming the photographic image. 

Cary Laboratory Spectrophotometer 

The Cary spectrophotometer, a high precision instrument, is capable 

of giving accurate readings of one reflectance characteristic of desired 

samples. 

Pritchard, is the limited range in which it provides measurements of light 

reflectance (400-850 millimicrons in this test). Although useful for pre- 

dicting optimum film-filter combinations in the visible portion of the 

spectrum, this instrument was not useful for predicting tone values or 

The main limitation of this spectrophotometer, like that of the 

optimum film-filter combinations in much of the near infrared portion of 

the spectrum. The film sensitivity and filter transmission exceeded the 

range of the reflectance readings of the instrument. 

General Electric Laboratory Spectrophotometer 

This spectrophotmeter was found to be more useful than the Cary 

due to its capability of recording reflectance characteristics of desired 

objects over a greater spectral range (400-1000 millimicrons). 

values on practically all of the film-filter combinations used in the 

study could be predicted by use of this instrument. 

could not be used, however, to predict tone values when using film-filter 

canbinations that had sensitivity below 400 millimicrons. 

The tone 

This spectrophotometer 
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U.S. Amy ' s  E.R.D.L. Portable Spectrophotometer 

The E.R.D.L. spectrophotometer was the most v e r s a t i l e  of the  four 

instruments t e s t ed  i n  t h i s  study. 

ing ref lectance charac te r i s t ics  continuously fram 320 millimicrons t o  2100 

millimicrons; hence, it did not exhibit  t he  limi-bation i n  range of readings 

t h a t  were inherent t o  the  other  three machines. I n  addition, t h i s  spectro- 

photometer had the  capabi l i ty  of reading samples i n  t h e i r  undisturbed 

s t a t e .  

however, since i t s  use i s  r e s t r i c t ed  t o  areas  where a four-wheel vehicle 

can t raverse  t o  within 30 t o  40 f e e t  of t he  area t o  be studied. 

The instrument was capable of record- 

The instrument might not be considered by some t o  be t r u l y  portable,  

B. Laboratory vs. portable spectrophotometers. As  s ta ted previously, 

one of t he  objectives of t h i s  study was t o  evaluate the  r e l a t i v e  merits of 

obtaining ref lectance measurements from undisturbed samples i n  the f i e l d  by 

the  use of portable spectrophotometers (e.g. t he  E.R.D.L. portable spectro- 

photometer), with t h a t  of obtaining spec t ra l  ref lectance from disturbed 

samples transported from the f i e l d  t o  a remotely s i tuated laboratory spectro- 

photometer (e  .g. the  General Electr ic  laboratory spectrophotometer). 

An examination of t he  coeff ic ients  of correlat ion of the  predicted 

and ac tua l  tone value d f o r  t e r r a in  samples a t  Pisgah Crater indicates  

t h a t  both f i e l d  and laboratory spectrophotometers provide acceptable pre- 

d i c t ions  of tone values. I n  p rac t i ca l ly  a l l  cases, however, the  coeff ic ients  

of correlat ion between predicted and ac tua l  tone values obtained by use of 

The coeff ic ients  of correlat ion referred t o  i n  t h i s  paper a re  
those calculated between the  predicted tone values obtained by the use of 
t h e  logarithmic predict ion function and the  ac tua l  tone values measured 
from the  negative. 
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the  E.R.D.L. portable spectrophotometer were higher than those obtained by 

use of the  General Electric laboratory spectrophotometer. 

the  ref lectance cha rac t e r i s t i c  of two t e r r a i n  types, Desert Pavement and 

Alluvium, could be obtained only by use of t he  E.R.D.L. spectrophotometer, 

since these mater ia ls  could not be transported t o  t h e  laboratory in t ac t .  

I n  addition, 

The data suggest the  following general conclusions: (1) the  

General E lec t r i c  laboratory spectrophotometer can e f f ec t ive ly  be used t o  

provide the  reflectance charac te r i s t ics  necessary f o r  the predict ion of op- 

t i m u m  f i l m - f i l t e r  combinations and tone values f o r  color panels. (2)  The 

General E lec t r i c  laboratory spectrophotometer i s  somewhat less useful  for 

estimating the  reflectance charac te r i s t ics  of t e r r a i n  types due t o  the  

d i f f i c u l t y  of t ransport ing heterogeneous samples i n t a c t  t o  the  instrument. 

Acceptable r e s u l t s  were obtained in t h i s  experiment, however, f o r  those 

t e r r a i n  classes  which were r e l a t ive ly  homogeneous i n  nature, such as Lake 

Bed Material, Smooth (Pahoehoe) Lava, and Red Fine Cinders. (3) The E.R.D.L. 

por table  spectrophotometer provides a number of advantages over the  General 

E l e c t r i c  laboratory spectrophotometer, including the  a b i l i t y  t o  record the  

ref lectance charac te r i s t ics  o f  heterogeneous samples; and the capabi l i ty  of 

recording a greater  port ion of  the electromagnetic spectrum. 

operation of t h i s  machine i s  considerably greater ,  however, than that  of 

comparable laboratory machines; hence i t s  use should be l imited t o  s i tua t ions  

where laboratory specimens cannot be prepared o r  where a grea te r  range of 

re f lec tance  measurement i s  desired. 

The cost  of 

A precise  and meaningful cost  comparison i s  d i f f i c u l t  t o  make from 

t h e  experiments reported herein, However, some indicat ion of cos ts  i s  t o  

be found i n  the  f ac t  t h a t  the  average cos ts  per  spectrometric curve under 
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the  conditions of these experiments was approximately $100 f o r  t he  E.R.D.L. 

portable spectrophotometer and $5 for the  G. E. laboratory spectrophoto- 

meter. 

C. Effect  of exposure, processing, and type of camera. I n  the  

system used f o r  t h i s  report  t o  predict  tone values, t he  following assump- 

t i o n  was i n i t i a l l y  made concerning the  mult ispectral  negatives used as 

controls:  photographic exposure, processing, and v a r i a b i l i t y  i n  camera 

shu t t e r  speed all have a constant, l i n e a r  e f f ec t  on negative density. 

This e f f ec t ,  therefore ,  i s  assumed t o  cause merely a s h i f t  of the  gamma 

curves, o r  a s h i f t  on the  l i n e a r  par t  of t he  gamma curve of the  negative 

and thus i s  a d j E t e d  during the  standardization of the densi ty  values. 

Since t h e  tone values measured fram negatives were used as controls  t o  which 

the  predicted tone values were compared, it appeared important t o  t es t  t h i s  

assumption of constant l i n e a r  var ia t ion.  

Three tests were performed a t  the  Davis water tower t o  assess the  

e f f e c t  of t he  variables:  

define the  l i m i t s  of the  constant, l i n e a r  var ia t ion  due t o  exposure, (2)  

(1) a bracketing experiment w a s  performed t o  

rep l ica t ions  were performed w i t h  the same camera by giving each of a se r i e s  

of negatives the  same exposure but submitting them f o r  processing a t  d i f -  

f e r en t  times i n  order t o  define the va r i a t ion  due t o  processing, and (3) a 

second camera of the same type was used t o  obtain simultaneous photographs 

at t h e  same exposure, t o  define the var ia t ion  due t o  differences i n  

cameras. 

The analysis  indicates  that  the  assumption of constant l i n e a r i t y  

was va l id  wi th  respect t o  processing and t o  the  use of another camera of 
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obtaining the mult ispectral  photography used i n  the  analysis.  

form was associated with a d i f f e r e n t  haze condition and length of a i r  

column. 

Each p l a t -  

I n  a simplified sense the effect  of atmosphere on the  tone values 

obtained i n  t h i s  study of multispectral photography can be grouped i n t o  

three broad categories:  

(3) o ther  forms of var ia t ion.  

tone values w i l l  cor rec t  t he  e f fec t  of (1) and (2) through the standard- 

i za t ion  procedure employed. 

weight, however, by the  present standardizing procedure; hence la rge  var- 

i a t ions  between the coef f ic ien ts  of cor re la t ion  f o r  the d i f fe ren t  areas 

could be expected. 

(1) no effect ,  (2) constant l i n e a r  var ia t ion,  and 

The present E.D.P. system f o r  predict ion of 

The effect of (3) w i l l  not be given proper 

An analysis  of t he  color  panel data provides the  following obser- 

vations:  (1) t h e  coef f ic ien t  o f  correlat ion f o r  a pa r t i cu la r  f i lm-fil ter 

combination i s  uniformly high fo r  a l l  camera s t a t ions  (and associated air  

column lengths) .  Therefore, an assumption can be made that  the  e f f ec t  of 

atmosphere i s  predictable  by the  present system ( i . e . ,  e i t h e r  there  was  no 

effect, o r  there was a constant l inear  e f f e c t ) ,  and (2)  examination of the  

results of t h e  IS-S tes t  f o r  photographic negatives having optimm exposure 

from the three areas a l s o  shows no s igni f icant  var ia t ion  due t o  atmosphere; 

hence, if a l i n e a r  var ia t ion  is occurring, it i s  correct ly  adjusted by the  

standardization procedure described earlier i n  t h i s  report .  

The data indicate ,  therefore, tha t  fo r  t h e  mult ispectral  photo- 

graphy obtained from the  three remotely s i tuated platforms used i n  t h i s  

study, there  was l i t t l e  or no s ignif icant  e f fec t  of atmosphere on the  

a b i l i t y  t o  predict  tone values on the  mult ispectral  photography. This i s  
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the  same type. There was, however, a s igni f icant  deviation between the  

predicted and ac tua l  tone values due t o  changes i n  exposure. 

ges t s  t h a t  the  e f f ec t  of exposure was not act ing i n  a constant, l i n e a r  

fashion when the  exposure was more than about 1.5 f s tops away from the  

optimum. The presence of high coeff ic ients  of correlat ion indicates  t h a t  

the  e f f ec t  i s  nevertheless l i n e a r  i n  nature and t h a t  t h e  e f f ec t  of poor 

exposure on negative density can be assumed t o  be proportional.  

This sug- 

Further 

examination of t he  negatives indicated t h a t  the  large number of s ign i f icant  

values f o r  the  K-S t es t  was not due t o  d i f f i c u l t i e s  i n  the  predict ion 

system, but ra ther  t o  t h e  d i f f i cu l ty  i n  obtaining the  qua l i t y  of negatives 

that  the  system requires.  

This var ia t ion  i n  negative qua l i ty  has l i t t l e  e f f ec t  on the  sys- . 
tern's a b i l i t y  t o  predict  optimum f i lm- f i l t e r  combinations, however, as 

evidenced by the  high coeff ic ients  of correlat ion between the predicted 

and ac tua l  tone values. 

t o  be of a proportional l i nea r  nature, the var ia t ion  can be corrected, once 

Moreover, since the e f f ec t  of poor exposure appears 

the  negative i s  obtained, by f i t t i n g  a least square regression l i n e  t o  t h e  

ac tua l  and predicted values, and then correcting t h e  predicted tone values 

with the  regression l i ne .  

D. Effect  of distance from t a r g e t  ( length of air column). The 

tone values obtained when sensing electromagnetic radiat ions on E a r t h  from 

a platform remotely s i tua ted  from the  t a rge t  of i n t e r e s t  depend i n  pa r t  

on the  extent t o  which the  intervening atmosphere at tenuates  the  radiated 

energy. 

motely s i tua ted  platforms were used, as previously described, when 

I n  order t o  invest igate  the e f f ec t  of t h i s  variable,  th ree  re-  
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not t o  say t h a t  there  i s  no e f fec t  of atmosphere but ra ther  t ha t  t h e  e f f e c t  

can be corrected by t h e  predict ion system. 

E. Effect of color temperature of the  i l luminant.  Color tempera- 

t u r e  w a s  c a r e f i l l y  measured a t  each of  t he  three areas  a t  the  time of photo- 

graphy, using a General E lec t r i c  color temperature meter. 

t h e  same sequence of considerations l i s t e d  above, a general conclusion can 

be drawn from the  s t a t i s t i c a l  analysis regarding the e f f ec t  of t h i s  var- 

iable .  

temperature of t he  t a r g e t  illuminant on the  a b i l i t y  t o  predict  tone values 

on the mult ispectral  photography obtained i n  t h i s  experiment. 

By the  use of 

The data indica te  t h a t  there w a s  no s igni f icant  e f f ec t  of color 

F. Effect  of sun angle. Since the  angle a t  which incident radia- 

t i o n  s t r i k e s  the  t a r g e t  log ica l ly  might produce s ignif icant  var ia t ion  i n  

ac tua l  tone values obtained on a e r i a l  negatives, an attempt w a s  made t o  

evaluate the  e f f ec t  of t h i s  variable.  

The Pisgah Crater t e r r a i n  classes  exhibited the following charac- 

t e r i s t i c s ,  and hence did not provide an acceptable control for t h i s  port ion 

of t h e  study: 

aspects,  and p a r t i c l e  s i z e s  and (2)  f o r  those t e r r a i n  types with uniform 

slope ( e s sen t i a l ly  f l a t )  and uniform p a r t i c l e  s ize ,  .it was not known how 

t h e  composition might be a l te red  i n  t ransport  t o  a spectrophotometer o r  t o  

a remotely s i tuated t a rge t  array, such as was constructed a t  Davis and 

Yosemite. 

(1) some of the  t e r r a in  types present had d i f fe ren t  slopes, 

The color panel t a rge t  array, however, provided an acceptable con- 

t r o l  due t o  i t s  uniform surface and ref lectance charac te r i s t ics ,  and, 
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when placed on a f la t  surface, eliminated d i f f i c u l t i e s  due t o  var ia t ions  

i n  slope and aspect. The color panels provided an addi t ional  advantage 

i n  that they could be moved between areas of i n t e r e s t  without introducing 

an e f f ec t  due t o  disturbance. 

The color panel array,  constructed under the  Davis water tower and 

below Glacier Point a t  Yosemite National Park, permitted study of t he  ef- 

f ec t  of sun angle by allowing a large number of mult ispectral  photographs 

t o  be obtained over a short  period of time. 

photographed on the  rim of Pisgah Crater, a t  two sun angles, t o  t e s t  the  

e f f ec t  of t h i s  var iable  on tone values as imaged on t rue  aerial photography. 

The same color panels were 

Comparison of the  high and low sun angle data  presented i n  t h i s  

report  shows the  following: sun angle, by a f fec t ing  the  brightness with 

which the  scene i s  illuminated, exerts an e f fec t  on absolute tone values 

i n  t h e  various spec t ra l  bands. However, f o r  both the  high and low sun angle 

photographs, there  a r e  high coeff ic ients  of correlat ion between the tone 

values predicted and those obtained f o r  t he  color panel a r ray  at  the  three  

areas. I n  addition, f o r  those negatives of optimum exposure, t he  K-S t e s t  

shows no s igni f icant  difference between the  predicted and ac tua l  tone 

values f o r  t he  same f i l m - f i l t e r  combination a t  the  two sun angles tes ted .  

Therefore, the  general  conclusion can be drawn t h a t  var ia t ion  due t o  changes 

i n  sun angle i s  cor rec t ly  adjusted by the  E.D.P. system and did not signi-  

f i c a n t l y  a f f ec t  t he  a b i l i t y  t o  predict  t h e  tone values on the  mult ispectral  

photography studied. 
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G. Effect  of camera angle. Although not d i r e c t l y  involved i n  this 

study, two experiments were carried out i n  cooperation with GIMRADA personnel 

t o  attempt t o  evaluate the  e f fec t  of camera angle t o  the t a rge t  on resul-  

t a n t  tone values. I n  both tests, the color panels used at Davis, Yosemite, 

and Pisgah Crater, were used as the control  i n  order t o  determine the  

e f f e c t  of t h i s  var iable .  

based NASA Convair 240A a i r c r a f t ,  while t he  other  u t i l i z e d  the  Davis water 

tower with the  color panels displayed below, 

One of the tests involved t h e  use of t he  Houston- 

A general conclusion o f  these two tests i s  as follows: as seen 

from the  camera s ta t ion ,  the  angle between the  t a r g e t  and the  op t i ca l  axis 

does not a f f ec t  s ign i f icant ly  the  tone values of t h e  color panels on the  

mult ispectral  photography obtained. It can be inferred,  therefore,  t h a t  

camera angle had no s igni f icant  e f f ec t  on t h e  a b i l i t y  t o  pred ic t  tone 

values on the  mult ispectral  photography obtained i n  t h i s  study. 
- 

H. Effect  of slope and aspect. I n  the  two previous sections, 

t he  e f f e c t  of sun angle and camera angle were evaluated f o r  color panel 

data, while keeping slope and aspect constant. 

was carr ied out designed t o  i so l a t e  t he  e f f ec t  of slope and aspect, some 

general  impressions can be obtained using the s m e  photography, but fo- 

cusing a t t en t ion  on the  t e r r a i n  types a t  Pisgah Crater. It can be assumed 

t h a t  since the  coef f ic ien ts  of correlat ion f o r  color panels on t h i s  photo- 

graphy are  high, a reduction i n  the coeff ic ients  of correlat ion when pre- 

d i c t ing  tone values f o r  t e r r a i n  types would r e f l e c t  the var ia t ion  in t ro -  

duced by slope, and aspect. 

t h a t  non-linear var ia t ion  does e f fec t  the tone values on the  negative. 

Although no detai led study 

This reduction does indeed occur, indicat ing 
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Examination of the  individual predicted and ac tua l  tone values on those 

negatives which have optimum exposure fur ther  indicates  t ha t  ce r t a in  ter-  

r a i n  types, such as Red Fine Cinders, Desert Pavement, Lake Bed Material, 

Smooth Lava and Rough Lava, normally do not exhibi t  s ign i f icant  d i f f e r -  

ences between ac tua l  and predicted tone values. 

Red Cinders do exhib i t  l a rge  differences, and t h e i r  tone values vary s ig-  

n i f i can t ly  with a change i n  sun angle. Referring t o  the  s tereo t r i p l e t s  

on pages 8 and 9, it i s  apparent t h a t  the  t e r r a i n  types showing minimum 

deviation between predicted and actual  tone values a re  those which have a 

r e l a t i v e l y  f la t  slope. 

exhib i t  l a rge  deviations are normally on s teep slopes and, i n  the case of 

Coarse Red and Coarse Black Cinders, are on a slope which was i n  shade 

during the  low sun angle photography. These observations suggest t h a t  an 

assumption of constant l i n e a r  var ia t ion does not appear t o  be val id  when 

applied t o  aspect and slope. It i s  probable, however, t h a t  the  var ia t ion  

due t o  these fac tors  can be predicted with t h e  proper standardizing pro- 

cedure and predict ion function. 

Coarse Black and Coarse 

It i s  a l s o  apparent t h a t  those t e r r a i n  types which 

I n  t h i s  regard, a separate study invest igat ing the e f f ec t  of slope 

and aspect on color panel tone values i s  present ly  being analyzed and the  

results w i l l  be reported at a l a t e r  date.  

I. Effect of disturbance on t a rge t  a r ray  tone values. A grea t  

dea l  of e f fo r t  was expended during the  duration of t h i s  study t o  t ransport  

t e r r a i n  samples from the  Pisgah Crater a rea  t o  Davis and Yosemite National 

Pa.rk. These samples were incorporated i n  a t a rge t  array which was photo- 

graphed using a number of spectral  bands. One in ten t  of t h i s  portion of 
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t he  study was t o  determine whether samples of na tura l  t e r r a i n  fea tures  

(when collected and transported t o  more favorable vantage points ,  recon- 

s t ructed,  and photographed) exhibited gross changes i n  tone value when d i s -  

turbed. 

ce r t a in  d i f f i c u l t i e s ,  such as the e f fec t  of slope, aspect, and texture  could 

be examined with a degree of control not possible  i n  the  na tura l  s i t ua t ion .  

If the  tone values d i d  not exhibi t  non-predictable differences,  then 

The d a t a  ind ica te  t h a t  the  ac tua l  tone values of the  disturbed 

t a rge t  a r ray  do deviate s ign i f icant ly  from the  predicted tone values, but 

i n  a manner tha t  can be predicted,  as evidenced by the  high coef f ic ien ts  

of cor re la t ion  between these values.;’ The la rge  ccanputed K-S values f o r  

negatives with optimum exposure indicate  t h a t  the  var ia t ion  introduced by 

t h e  disturbance of t he  na tura l  t e r r a i n  c l a s s  occurs i n  a l i n e a r  fashion, 

but not i n  a constant manner. An examination of the  individual ly  paired 

tone values ind ica tes  t h a t  those t e r r a i n  types tha t  a re  r e l a t i v e l y  homo- 

geneous, such as Fine Black Cinders, Lake Bed Material, and Fine Red Cin- 

ders ,  exhibi t  the  least deviation between ac tua l  and predicted tone values.  

This suggests t ha t  i n  fu ture  studizs, t h e  U E ~  c?? sfecial t a rge t  arrays may 

provide the  necessary control  f o r  t he  evaluation of var ia t ions  due t o  slope, 

aspect,  and texture .  

J. Relative merits of E.D.P. predict ion of optimum-film-filter 

combination and a l t e rna te  systems. 

E.D.P. system attempts t o  determine the l a rges t  and most s ign i f icant  con- 

trast differences between objects of i n t e r e s t  continuously across the  

po r t ion  of  the  spectrum desired and t o  evaluate and predict  f i l m - f i l t e r  

As  s ta ted  i n  an e a r l i e r  section, t he  

1/ The cor re la t ion  analysis,  i n  t h i s  case, i s  weakened somewhat 
by the  small number of observations of the sample. 
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combinations t h a t  w i l l  exploi t  these differences.  

A number of a l t e rna te  systems f o r  obtaining optimum f i lm-f i l ter  

combinations have been suggested and some are i n  use. 

used i s  the  multi-camera, o r  multi-lens camera system. 

t o  nine f i l m - f i l t e r  combinations are chosen, normally bracketing the 

v is ib le  and near-infrared port ion of the spectrum, and an evaluation made 

on aerial photography flown with t h i s  system as t o  the  r e l a t ive  merits of 

these f i l m - f i l t e r s  f o r  identifying, by tone charac te r i s t ics ,  the objects  

of i n t e r e s t .  

The most frequently 

I n  t h i s  system s i x  

It i s  apparent t h a t  both systems have advantages and disadvantages, 

of which a few of the more important are: 

E.D.P. Film-Filter Prediction 

Advantages : 

(1) Provides a knowledge of reflectance charac te r i s t ics  continuously 

across the  spectrum which allows a-choice of f i im-r i i te ra  tc: be flmm which 

may have a very narrow o r  broad band width, depending on the  s t a t i s t i c a l l y  

s ign i f icant  differences t h a t  a r e  present.  

(2) Allows the  evaluation of new f i l m s ,  d i f f e ren t  types of f i l t e r s ,  

and other a l t e r a t ions  of the sensor, without t i m e  consuming t r ia ls  necessary 

t o  obtain usable imagery (such as t e s t s  of  exposure, focusing, o r  i n  some 

instances,  the ac tua l  development of the  new, spec ia l ly  sensit ized f i l m ) .  

Disadvantages : 

(1) This  i s  an indirect  method (i .e. ,  l i g h t  reflectance of samples 

of the  objects  of i n t e r e s t  must be read by the  spectrophotometer, with 
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consequent uncertainties [as analyzed in this report] of the applicability 

of such readings in predicting photographic tone values). 

Multi-Camera Prediction 

Advantages: 

(1) Provides a general impression of the change in relative tone 

values of the objects of interest f o r  the portion of the spectrum photographed, 

allowing the viewer to choose that part, or parts, of the spectrum photo- 

graphed which is most useful. 

(2) Does not require the spectral analysis of samples in order to 

select the film-filter combinations to be used in the camera (i.e., it is 

a more direct method). 

Disadvantages: 

(1) In most cases the film-filters used in the system have such a 

broad spectral range that the probability of choosing the optimum film- 

filter combination that will exploit the reflectance differences between 

objects (which in some cases may be as small as 10-20 millimicrons and 

which may exhibit reversals in tone between large spectral band widths) is 

very small. 

(2) This system does not eliminate ground evaluation. Although 

significantly different tone signatures appear on the photograph, it is 

still necessary to determine what they represent. 

The above discussion indicates that the optimum system for the 

choice of film-filter combinations which will exploit differences in 



- 38 - 

ref lectance between objects  i s  perhaps a combination of both approaches 

discussed above. 

niques i s  j u s t  one s tep  i n  obtaining usable information about t e r r a i n  types, 

f o r  acceptable photography must be obtained within the spec t ra l  bands de- 

sired. 

task due t o  i t s  ab i l i ty  t o  obtain mult ispectral  photographs at  the same 

i n s t a n t  i n  t i m e  and the  same orientat ion i n  space. As a corollary,  more 

e f f i c i e n t  use of the  multi-camera systems could be made i f  it were known 

before the aerial photo f l i g h t  occurred what f i l m - f i l t e r  combinations 

would bes t  exploi t  the differences between the objects  desired.  

mination i s  bes t  made by the  analysis of spectrometric data.  

The predict ion of optimum f i l m - f i l t e r s  by E.D.P. tech- 

A multi-camera o r  multi-lens system i s  idea l ly  suited f o r  t h i s  

This  deter- 
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V . CONCLUSIONS 

The r e s u l t s  of t h i s  study have indicated tha t  optimum f i l m - f i l t e r  

combinations can be selected by the s t a t i s t i c a l  analysis  of spectrometric 

data. The analysis  has a l so  indicated t h a t  f o r  many objects  of i n t e r e s t ,  

the  standardized tone value t h a t  w i l l  be obtained from an aerial negative 

can be predicted before the  photograph i s  taken. 

The following f ac to r s  were found t o  have no s igni f icant  e f f ec t  on 

the  a b i l i t y  t o  predict  optimum film-filter canbinations, and on the  a b i l i t y  

t o  pred ic t  tone values f o r  the color panels and t e r r a i n  types used i n  t h i s  

study: 

(4)  v a r i a b i l i t y  i n  processing of film, and ( 5 )  camera va r i ab i l i t y .  

(1) distance from t a r g e t  t o  camera, (2)  sun angle, (3) camera angle, 

The f ac to r s  l i s t e d  below were found t o  have no s igni f icant  e f f ec t  

on t h e  a b i l i t y  t o  pred ic t  optimum f i lm-f i l te r  canbinations, but had a s ig-  

n i f i c a n t  e f f ec t  on the  a b i l i t y  t o  p red ic t  t he  standardized tone value of 

t he  objects  of i n t e r e s t  i n  the study: 

t e r r a i n  samples, and (3) slope and aspect. 

(1) exposure, (2)  disturbance of 

The r e s u l t s  of t h i s  study suggest t h a t  more e f f i c i e n t  use might be 

made of the  multi-camera o r  multi-lens systems current ly  used t o  obtain 

mult ispectral  photography i f  an analysis of  the spectral  ref lectance char- 

a c t e r i s t i c s  of objects  of i n t e re s t  i n  the  fundamental t e s t  s i tes i s  per- 

formed. This analysis  should, i n  most cases, allow the  research s c i e n t i s t  

t o  choose the  necessary optimum f i lm- f i l t e r  combinations p r io r  t o  the  

f l i g h t  m i  ss i on. 
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- mote: It was considered inappropriate t o  include i n  t h i s  report a detailed 
explanation of the  s t a t i s t i c a l  methods employed i n  making t h e  calculat ions.  
kVerthele136 the fWllowing f a c t s  a re  considered e s s e n t i a l  t o  i n t e r p r e t a t i o n  
of the  tabular data: 

The data a re  tabulated under both l i n e a r  and logarithmic 1 
t o  demonstrate, through comparison of corresponding corre: 
coef f ic ien t8 , tha t  the r e l a t ion  between predicted and ac tua l  
values tends t o  be curvi l inear  rather than l i nea r .  

nea 
Lat - 

The "predicted tone values" were obtained by s t a t i s t i c a l  ana 
spectrometric data as described i n  the  body of t h i s  report .  

The "actual  tone values" a re  density values as read d i r ec t ly  
o r i g i n a l  negatives w i t h  a Welsh Densichron instrument. 

The "calculated tone values" were obtained by use of a least 
regression l i n e ,  f i t t e d  t o  the predicted and ac tua l  tone val 

dings 
ion 
tone 

lysis of 

. on t h e  

I square 
.ues . 

The appearance i n  the  tables of an occasional ne a t i v e  tone value 
r e s u l t s  f r o m t h e  assumption tha t  the  black panel -7- or ,  f o r  t e r r a i n  
samples, the rough lava)  would photograph darkest  of all elements of 
the  t a r g e t  a r r ay  i n  each spectral  band, and could therefore  
signed a tone value or "0". Although i n  sane bands t h i s  W a f  
t r ue ,  the occurrence of negative tone values did not complic 
inva l ida te  the s t a t i s t i c a l  analysis. 

The "cmputed K-S Maximum" expresses the deviation between t 
predicted and ac tua l  tone values, in one rlnstance, and between the 
calculated and ac tua l  tone values i n  the other,  as indicated i n  t h e  
tab le .  

The "K-S S t a t i s t i c "  de f ines  the l i m i t  of t he  confidence i n t e r v a i  at 
a 95$ confidence leve l .  

The "coeff ic ient  of correlation" refers t o  the  re la t ionship  between 
the  predicted and ac tua l  tone values.  The reader i s  reminded that 
high- cor re la t ion  coeff ic ients  between these values can be obtained 
( a s  i n  many of the following examples) even though t h e  two values 
are not  numerically the  same or  even similar. 
d i c t ion  is explained by the f ac t  t ha t  the  predicted and ac tua l . tone  
values may be highly correlated without having the same absolute 
magnitude. I n  t h i s  regard the K-S S t a t i s t i c  provides an ind ica t ion  
of the deviation, in an abeolute sense, between the  predicted and 
a c t u a l  tone values. 

This apparent contra- 

The appendix which f o h w e  includes only representat ive examples of 
the  photography obtained with var ious f i l m - f i l t e r  conibinations. 

. ' s r  



- 40 - 

V I 1  . ACKNOWLEXGMENTS 

Presentation of the  material  contained i n  t h i s  report  has been 

made possible through t h e  cooperative e f f o r t  of several  individuals and 

organizations. 

at  the  University of California who rendered v i t a l  services i n  the col-  

Among t h e  students and staff of the  School of Forestry 

lec t ion  of ground t ru th ,  compilation of data, and analysis of data  used 

i n  t h i s  report  were Jerry Lent, Tom Tracy and Glen Miller. 

Grateful acknowledgment also i s  given t o  Ph i l  Langley and Dave 

Sharpnack of the Pac i f ic  Southwest Forest and Range Experiment Station, 

U.S. Forest Service, Berkeley, f o r  t h e i r  valuable ass is tance i n  the  

development of t h e  computer programs used i n  t h i s  study. 

Finally,  acknowledgment i s  given t o  the  personnel of Cartwright 

Aerial Surveys, Incorporated, who f l e w  t he  aerial photography t o  precise  

specif icat ions,  thereby allowing v a l i d  estimates t o  be made from the  photo 

images . 



MULTISFl3CTRAL PHOTOGRAPHIC MPERlMENT 

Type of Target: 

Camera Station: 

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight Sky: 10 units, or 5175% 

Masonite Color Panels and Pisgah Crater Terrain Samples 

Catwalk of Water Tower, Davis, California 

150 feet 

Speed Graphic with focal length of 127 mm. 

-.- 
300 400 500 600 760 BbO SA 1000 

WAVELENGTH ( m j d  

DARK GREY 1 B L M  1 BROWN I 
YELLOW 1 R;: 1 

CHARTREUSE 

m QUTER TERRU SAMPLES (See woe I4 ) 

TAROET ARRAY 
I 
i 

Film: e 

~~ 

Filter: None Sun Angle: H i &  - 



MULTISPECTRAL PHOTOGRAPHIC EXPERIMENT 

Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: Catwalk of Water Tower, Davis, California 

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight S k y :  

150 feet 

Speed Graphic with focal length of 127 mm. 

10 units, or 5175 % 

11 DARK GREY 1 BLACK 1 BROWN 

GREEN 

R(uw QUTER TERRAIN SAMPLES (See POW I4 

TARQET ARRAY 

Film: -=e Detectipg Filter : Wratte n 12+EF-2200 Sun Angle: High 



MULTISPECTRAL PHOTOGRAPHIC MpERlMENT 

Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: 

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight Sky: 

Catwalk of Water Tower, Davis, California 

150. feet 

Speed Graphic with focal length of 127 mu. 

10 units, or 5175 % 

> +LO 
t 
2 
t In z 
$ 0.0 

l- W 
z 
L L  -1.0 
0 

(3 

9 
-2.c 

30 400 500 600 700 BOO S& IO001 
WAVELENGTH ( m r )  

WHITE 

DARK GREY 

GREEN 

BLUE 

BLACK 1 BROWN 1 

18UH CRATER TERRAIN SAMPLES (See POO. 14 1 
> 

TARQET ARRAY 

a 

? 

Film: Orthochromatic Filter: Wratten 18A 
, 

Sun Angle: High 



MULTISPECTRAL PHOTOGRAPHIC EXPERIMEWI! 

WHITE 

DARK GREY 

GREEN 

!Pype of Terget: Masonite Color Panels and Pisgah Cratar Terrain Samples 

LIGHT GREY GREY 

BROWN BLACK 

YELLOW RUST 

Camera Station: 

Dietace from Target Array: 150 feet 

Camera Used: 

Catwalk of Water Tower, Davis, California 

Speed Graphic with focal length of 127 m. 

Color Temperature Reading of Daylight SQ: 10 units or 517'; % 

I I 

BGW WTER TERRAIN 8AHPLES (See woe 14 I 

TARQET ARRAY D l  

Film: .pan chromatic (!hi - X l  Filter: Wratten 12 Sun Angle: High 



PREDICTED VS. ACTUAL TONE VALUE3 

Test Area: Davis 

Film-Filter: Panchromatic ( T r i - X ) ,  Wratten 12 

Sun Angle: High 

Spectrophotometer : 

Target : Color Panels 

General Ele c t r i  c (Laboratory ) 

Prediction Function 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chart reuse 

Red 

Black 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coefficient 
of Correlation 

Linear 

Predicted Actual Calculated 

100 

54 
36 
21 

6 
17 
65 
20 

5 
15 
15 

0 

100 

97 
89 
a1 
51 
81 
98 
73 
56 
79 
58 
0 

120 

89 
76 
66 
56 
63 
96 
65 
55 
62 
62 
52 

1.438* 0.070* 

0.072 0.046 

0.72 

*Significant at a 95% Confidence Level 

Logarithmi. c 

Predicted Actual Ca.lculated 

100 

87 
78 
66 
39 
62 
91 
65 
35 
59 
59 
0 

100 

97 
89 
81 
51 
81 

98 
73 
56 
79 
58 
0 

110 

97 

76 
50 
72 

100 

75 
46 
69 
69 

8a 

11 

0.167* 0.014 

0.050 0.046 

0.96 - 



PREDICTED VS.. ACTUAL TONE VALUES 

Test Area: Davi s 

Film-Filter: 

Sun Angle: High 

Spectrophotometer : Cary (Laboratory) 

Panchromatic (Tri-X) , Wratten 12 

Target : 

Color Panel 

Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

C omput ed 
K-S Maximum 

K-S Statistic 

Color Panels 

Prediction Function 

Coefficient 
of Correlation 

Linear 

Predicted Actual Calculated 

100 100 

13 0 

23 40 

17 53 

1-9 60 

0 0 

. 

0.471* 

0.104 

106 

28 

37 

32 

34 

1-7 

0.178* 

0.086 - 
0.83 - 

Logarithmic 

Predicted Actual Calculated 

100 100 82 

56 0 40 

68 40 52 

62 53 45 

64 60 48 

0 0 - 14 

0.276* 0.092* 

0.073 0.081 

0.82 - 

*S igni f i cant at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUE$ 

Test Area: Davis 

Film-Filter: Panchromatic ( T r i - X ) ,  Wratten 12 

Sun Angle: High 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain mes 

Linear 

Predict ion Function 

Logarithmic 

Terrain Type 

Lake Bed S o i l  

Black Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

Rough Lava 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coefficient 
of Correlation 

Predicted 

100 

0 

9 

Actua.1 

100 

20 

0 

0.465* 

-1 

39 

51. 

0 

Calculated Predicted 

105 100 

14 -1 

23 39 

33 

14 

51 

0 

Actual 

100 

0 

48 

65 

0 

Calculated 

93 

-3 

43 

59 

-3 

0.157* - 0.112* 0.036 

0.120 0 099 

0.92 - 

0.093 0.096 

*Significant a.t a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Te s t  Area. : Davis 

Film-Filter:  

Sun Angle: High 

Panchromatic ( T r i - X )  , Wratten 12 

Spectrophotometer: U.S.A. E.R.D.L. (Portable)  

Target : Terrain Types 

Predict ion Function 

Linear Logarithmic 

Terrain Type Predicted Actual Calculated Predicted Actual Calculated 

Lake Bed S o i l  100 100 105 100 100 92 

Black Fine Cinders 2 -1 1-5 15 -1 7 

Red Fine Cinders 25 51 36 70 51 62 

Red Coarse Cinders 8 39 20 45 39 37 

Rough Lava 0 0 13 0 0 -9 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

C o e f f i c i ent 
of Correlation 

0.400" 0.152* 

0.117 0 099 
0.92 - 

0.179* 0.042 

0.090 0.095 

0.98 - 

"Significant a t  a 95% Confidence Level 



MULTISPECTRAI, PEIOTOCRAPHIC 

Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: Catwalk of Water Tower, Davis, California 

Distance from Target Arrq: 150 feet 

Camera Used: Speed Graphic with focal length of I27 mu. 

Color Temperature Reading of Daylight Sky: 

>O 400 500 600 700 800 900 1000 
WAVELENQTH ( m u )  

. . .  

11 BLUE 1 WARTREUSEI RED 

H CRATER TERRAIN SAMPLES ( S e a  - 14 - 
TAROET ARRAY 

Film: Panchromatic (Tri-X) Filter: Wratten 25A Sun Angle: High 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davi s 

Film-Filter:  Panchromatic ( T r i - X )  , Wratten 25A 

Sun Angle: High 

Spectrophotometer: General E l e c t r i c  (Laboratory) 

Target: Color Panels 

Prediction Function 

Color Panel 

White 

Light Grey 

Medium Grey 

D a r k  Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chart re us e 

Red 

Black 

C omput e d 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear 

Predicted Actual 

100 100 

53 96 
35 90 
20 82 
8 61 
8 67 

73 99 
36 89 
3 46 

12 73 
37 84 
0 0 

1.304* 

C a.lcul at& 

120 

88 
76 
66 
58 
58 

102 

77 
54 
60 
77 
52 

0.0683~ 

0 . 6 9  0.046 

0.73 

Logarithmic 

Predicted Actual Calculated 

100 100 109 
86 96 96 
77 90 88 
65 82 77 
45 61 58 
45 67 58 
93 99 103 
78 89 88 
24 46 38 
54 73 66 
78 84 89 

0 0 16 

0.189* 0.020 

0.050 0.046 

- 0.97 

*Significant a t  a. 95% Confidence Level 

J 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter : 

Sun Angle: High 

Spectrophotometer: Cary (Laboratory) 

Panchromatic (Tr i -X) ,  Wratten 25A 

Target : 

Color Panel 

Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Color Panels 

Predict ion Function 

Linear 

Predicted Actual Calculated 

100 100 110 

45 73 68 

45 82 68 

13 50 44 

7 59 39 

0 0 34 

0.733* 0.093* 

0.094 0.071 

0.83 - 

*Significant a t  a 95% Confidence Level 

Logarithmic 

Predicted Actual Calculated 

100 100 97 

83 73 81 

83 82 81 

56 50 56 

42 59 44 

0 0 5 

0.046 0.029 

0.071 0.071 

- 0.97 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter:  Panchromatic ( T r i - X )  , Wratten 25A 

Sun Angle: High 

Spectrophotometer: General E e l c t r i c  (Laboratory) 

Target : Terrain Types 

Predict ion Function 

Terrain Type 

Lake Bed S o i l  

B h c k  Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

Rough Lava 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coefficient 
of Correlat ion 

Linear 

Predicted Actual 

100 100 

-2 -10 

10 14 

21 46 

0 0 

0.156* 

Logarithmic 

Calculated Predicted Actual Calculated 

105 100 100 82 

2 -15 -10 -18 

0.108 

0.111 - 0.118 

0.96 - 

14 50 14 39 

25 66 46 53 

4 0 0 -5 

0.221* 0.091 

0.089 0 097 

- 0.93 

*Significant a t  a 95% Confidence Level 



lW3DICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter:  Panchromatic ( T r i - X ) ,  Wratten 25A 

Sun Angle: High 

Spectrophotometer : U . S .A. E. R . D. L . ( Portable ) 

Target : Terrain Ty-pes 

Predict ion Function 

Linear 

Terrain Type Predicted Actual Calculated 

Lake Bed S o i l  100 100 104 

Black Fine Cinders 2 - 10 3 

Red Fine Cinders 29 46 31 

Red Coarse Cinders 11 14 12 

Rough Lava 0 0 0 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coefficient 
of Correlat ion 

0.084 0.087 

0.110 - 0.114 

- 0.97 

Logarithmic 

Predicted Actual Calcula.ted 

100 100 

15 - 10 
73 46 

52 14 

0 0 

0.376* 

0.088 

82 

-3 

55 

34 

-18 

0.094 

0.098 

0.92 - 

*Significant a t  a 95% Confidence Level 



MULTISPECTRAI, F'HOTOGRAPHIC FXPERlPIE" 
Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: 

Distance from Target Array: 

Camera Used: 

Catwalk of Water Tower, Davis, California 

150 feet 

Speed Graphic with focal  length of 127 m. 

Color Temperature Reading of Daylight Sky: 

> t1.0 
t 
2 
t 
v) z 

0.0 

L 

8 

4 

z 

(3 

I I 
300 400 500 600 700 &O & 1000 

WAVELENGTH ( m u )  

BROWN BROWN 

RSO*H CRATER TERRAIN SAMPLES (See POL I4 ) 

TARQET ARRAY 

Film: Pan chromatic (Tri-Xl F i l t e r :  Wratten 4'73 Sun Angle: High 



PREDICTED VS. ACTUAL TONE VAT.IuES 

Test Area: Davi s 

Film-Filter: Panchromatic ( T r i - X ) ,  Wratten 47B 

Sun Angle: High 

Spectrophotometer: U.S.A. E.R.D.L. (Portable) 

Target : Terrain Types 

Prediction Function 

Linear 

Terrain Type Predicted Actual Calculated 

Lake Bed S o i l  100 100 104 

Black Fine Cinders 5 20 24 

Red Fine Cinders 22 56 39 

Red Coarse Cinders 0 31 20 

Rough Lava 0 0 20 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coe f f i c i ent 
of  Correlation 

0.630" 0.098* 

0.121 0.094 

0.92 - 

s i g n i f i c a n t  a t  a. 95% Confidence Level 

Logarithmic 

Predicted Actual Calculated 

100 100 89 

35 20 37 

67 56 63 

0 31 9 

0 0 9 

0.153* 0.064 

0.096 0.094 

0.91 - 



MULTISF'ECTRAL PHOTOGRAPHIC EXPERIMENT 
Type of Target: 

Camera Station: 

Distance from Target Array: 

Camera Used: 

Color Temperature ReadinR of Daylight S l q :  10 

Masonite Color Panels and Pisgah Crater Terrain Samples 

Catwalk of Water Tower, Davis, California 

150 f ee t  

Speed Graphic with focal  length of 127 mm. 

units,  or 5175 OK 

I- 
> 

u) z 
W 
v) 

- 
- 
k 

I- W z 

I 0.0- 

-1.0- 

-2.0 
300 400 500 600 700 BOO 900 1000 

WAVELENGTH ( m r )  
TARQET ARRAY 

Film: Panchromatic ( T r i - X )  F i l te r :  Wratten 61 Sun Angle: High 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter:  

Sun Angle: High 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Panchromatic ( T r i - X )  , Wratten 61 

Ta.rge t : 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chartreuse 

Red 

Black 

C omput ed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlation 

Color Panels 

Prediction Function 

Linear 

Predicted Actual Ca.lculated 

100 

55 
36 
21 

3 
32 
52 

3 
12 

20 

2 

0 

100 

97 
92 
85 
5 1  
92 
97 
44 
77 
86 

-34 
0 

135 
91 
73 
59 
42 

69 
89 
42 

50 

58 
41 

39 

0.074 0.048 - - 
. 0.66 - 

q i g n i f i c a n t  at a 95% Confidence Level 

Logarithmic 

Predicted Actual Calculated 

100 100 117 
87 97 102 

78 92 91 
66 85 77 
24 5 1  28 
75 92 88 
86 97 101 

24 44 28 

54 77 63 
65 86 76 
1-5 - 34 1-7 
0 0 -1 

0.168* 0.064 - - 

0.052 0.048 - - 
0.89 - 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area : Davi s 

Film-Filter : Panchromatic (Tri-X) , Wratten 61 
Sun Angle: High 

Spectrophotometer: Pritcha.rd (Portable) 

Target: 

Color Panel 

Light Grey 
Medium Grey 
Dark Grey 
Yellow 
Rust 
Chartreuse 
Red 
Green 
Blue 
Brown 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Color Panels 

Linear 

Coeff ic ient  
o f  Correlat ion 

Predicted Actual 

100 100 

68 93 
38 73 
108 100 

-1 -13 
35 80 
-4 -180 
57 93 
18 60 
0 0 

Prediction Function 

Ca.1 cu1a.t ed 

129 
80 
35 
141 
-25 
30 
-29 
64 I 
4 

-23 

0.438* 0.269* 

0.066 0.058 

0.71 

Logarithmic 

Predicted Actual Calculated 

100 100 112 

92 93 98 
79 73 77 
102 100 1 1 5  
0 -13 - 54 
77 a0 74 

88 93 92 
63 60 50 
0 0 - 54 

-30 -180 -104 

0.268* 0.092* 

0.054 0.047 

0.92 

*Significant a.t a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter: Panchromatic (Tri-X), Wratten 61 

Sun Angle: High 

Spectrophotometer : General E lec t r i c  (Laboratory ) 

Target : Terrain Ty-pes 

Predict ion Function 

Terrain Type Predicted Actual Calculated 

Lake Bed S o i l  100 100 103 

Black Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

3 - 16 1 

8 9 6 

21 34 20 

Rough Lava 0 0 -2 

C omput e d 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

0.144* 0.110 

0.118 0.118 

- 0.97 

Logarithmic 

Predicted Actual Calculated 

100 100 a2 

24 -16 1 

45 9 23 

66 34 45 

0 0 -25 

0.460* 0.140* 

0.089 0.102 

0.90 

*Significant a t  a 95% Confidence Level '  



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: 

Film-Filter:  

Sun Angle: 

Davis 

Panchroma.tic ( T r i - X ) ,  Wratten 61 

High 

Spectrophotometer: U.S ,A. E .R. D.L. (Portable ) 

Target : Terrain Types 

Predict ion Function 

Linear Logarithmic 

Terrain Type Predicted Actual CaLculated Predicted Actual Calculated 

Lake Bed S o i l  100 100 103 100 100 85 

Bhck  Fine Cinders 3 - 16 2 24 - 16 4 

Red Fine Cinders 21 . 34 21 66 34 49 

Red Coarse Cinders 4 9 3 30 9 11 

Rough Lava 0 0 -1 0 0 -21 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlation 

0.148* 0.130" 

0.120 - 0.120 

- 0.97 

0.423* 0.126* 

0.092 0.104 

0.92 

*Significant a.t  a. 95% Confidence Level '  



MULTISPECTRAL P " I C  EXPERIMENT 

Type of Target: 

Camera Station: 

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight Slsy: 10 

Masonite Color Panels and Pisgah Crater Terrain Samples 

Catwalk of Water Tower, Davis, California 

150 f e e t  

Speed Graphic with focsl length of 127 mm. 

units, o r  5175 Ox 

WHITE LIGHT GREY + 
GREEN + 

- 
GREY 

BROWN 

RUST 

RED 

CRATER TERRAIN SAMPLES (See page 14 - - 
TARE1 ARRAY 

Film: Panchromatic ( T r i - X )  F i l te r :  Wratten 90 Sun Angle: H i g h  



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter: Panchromatic (Tri-X), Wratten 90 

Sun Angle: High 

Spectrophotometer: General Electric (Laboratory) 

Target : Color Panels 

Logarithmic 

Color Panel 

White 
Light Grey 
Medium Grey 
Da.rk Grey 
Brown 
Green 
Yellow 
Rust 
Blue 
Chartreuse 
Red 

Black 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Prediction Function 

Linear 

Predicted Actual Calculated 

100 100 119 
54 97 89 
36 91 77 
21 86 67 
7 57 58 

12 82 61 
69 99 99 
25 80 69 
3 53 55 

13 81 62 
13 43 62 
0 0 53 

1 . 4 6 2 ~  - 0&4* 

0.072 - 0.046 - 
0.68 - 

Predicted 

100 

87 
78 
66 
42 
54 
92 
70 
24 
56 
56 
0 

Actual 

100 

97 
91 
86 
57 
82 

99 
80 

53 
81 

43 
0 

Calculated 

109 
97 
89 
78 
56 
66 

102 

81 
38 
68 
68 
16 

0.200* - 0.032 - 
0.050 0.046 - - 

0 2  

*Significant at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter:  Panchromatic (Tr i -X) ,  Wratten 90 

Sun Angle: High 

Spectrophotometer: C a r y  (Laboratory) 

Ta.raet : Color Panels 

Color Panel 

Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

C o e f f i c i ent 
o f  Correlat ion 

Predict ion Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 107 100 100 85 

11 -29 26 52 -29 37 

31 57 44 75 57 60 

14 57 29 57 57 42 

13 64 28 56 64 41 

0 0 16 0 0 -16 

0.473* -- 0.285* 

0.086 
c__ 

0.105 

0.70 - 

0.267* 0.180* 

0.074 0.081 

0.71 - 

*Signi f ica ,n t  at a. 95% Confidence Level 



m D I C T E D  VS. ACTUAL TONE VALUES 

. Test Area: Davi s 

Film-Filter:  Panchromatic ( T r i - X ) ,  Wratten 90 

Sun Angle: High 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Prediction Function 

Linear 

Terrain Type Predicted Actual 

Lake Bed S o i l  100 100 

Black Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

-1 8 

9 25 

20 5 1  

. Rough Lava 0 0 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

0.431* 

Calculated 

104 

13 

22 

32 

14 

0 . loo* 

0.119 0.099 

- 0.95 

Logarithmic 

Predicted Actual Calculated 

100 100 aa 
0 8 -1 

4a 25 41 

65 5 1  57 

0 0 -1 

0.135* 0.062 

*Significa,nt a t  a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davi s 

Film-Filter : Panchromatic (Tri-X) , Wratten 90 

Sun Angle: High 

Spe c t roph o t ome t e r : U . S . A. E R . D . L . ( Port able ) 
Target : Terrain Types 

Terrain Type 

Lake Bed Soil 

Black Fine Cinders 

Red Fine Cinders 

Red Coarse Cinders 

Rough Lava 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Prediction Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 104 100 100 88 

2 8 13 1 5  8 7 

25 51 35 70 5 1  59 

9 25 20 48 25 38 

0 0 12 0 0 -8 

0.353* 0.092 

0.112 0.100 - 

p.96 

*Significant at a 95% Confidence Level 

0.209* 0.059 

0.089 0.096 

0.96 



MULTISPECTRAL PHOTOGRAPHIC EXPERIMENT 

Type of Target: 

Camera Station: 

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight SQ: 10 

Masonite Color Panels and Pisgah Crater Terrain Samples 

Catwalk of Water Tower, Davis, California 

150 feet 

Speed Graphic with focal length of 127 m. 

units,  or 5175 OK 

WHITE 

DARK GREY 

GREEN 

BLUE 

> o  
I LIGHT GREY GREY 

~ 

BLACK BROWN 

YELLOW RUST 

CHARTREUSE RED 

lI. i i  -1.0 

0 s I \ 
lOW4 TERRAIN SAMPLES (See paw 14 ) -2.0 I \ 

t*ROET ARRAY 
'Oo0 I 

300 400 500 600 700 800 900 
WAVELENGTH ( m r )  

Film: Infrared F i l t e r  : Wratten 8 9 ~  Sun Angle: High 



PREDICTED VS, ACTUAL TONE VALUES 

Test Area: Da.vis 

Film-Filter: Infrared, Wratten 8 9 ~  

Sun Angle: High 

Spectrophotometer : General Electric ( Labomtory ) 

Target : Color Panels 

Prediction Function 

Color Panel 

White 
Light Grey 
Medium Grey 
Dark Grey 
Brown 

Green 
Yellow 
Rust 
Blue 
Chartreuse 
Red 
Black 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 

49 
31 
17 
7 
28 
77 
33 
17 
28 
67 
0 

100 

98 
93 
87 
65 
93 
100 

93 
86 
93 
99 

0 

119 
90 
80 
72 
66 
78 
106 
81 
72 
78 

63 
100 

100 

85 
75 
62 
h2 

72 

94 
76 
62 
72 
91- 
0 

100 

98 
93 
87 
65 
93 
100 

93 
86 
93 
99 
0 

114 

99 
89 
76 
57 
87 
109 
91 
76 
87 
106 
16 

J .121* 0.064* 0.212" 0.010 

*Significant at a 95% Confidence Level 



1 

PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter: Infrared,  Wratten 8 9 ~  

Sun Angle: High 

Spec t rophot met e r  : 

Target: Terrain Types 

General E lec t r i c  (Laboratory ) 

Predict ion Function 

Terrain Type 

Linear 

Predicted Actual Calculated 

Lake Bed So i l  100 100 106 

Black Fine 
Cinders 

Red Coarse 
Cinders 

-3 -3 8 

14 30 24 

Red Fine 22 55 32 
Cinders 

Rough Lava. 0 0 11 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlation 

0.352* 0.123* 

0,101 - 0.115 

0.94 - 

Loaarithmic 

Predicted Actual Calculated 

100 100 84 

-3 - 24 - 14 

30 57 50 

55 67 58 

0 0 5 

0.084 0.076 

0.086 0.094 

0.94 

*Significant at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area.: Davis 

Film-Filter: Infrared,  Wratten 8 9 ~  

Sun Angle: High 

Spectrophotometer : 

Target : Terrain Types 

U . S . A. E R D . L . ( Port ab1 e ) 

Prediction Function 

Linear Logarithmic 

Terrain Type Predicted Actual Calculated Predicted Actual 

Lake Bed S o i l  100 100 106 100 100 

-1 -3 5 0 -3 

38 55 44 79 55 

1.5 30 21 59 30 

Rough Lava 0 0 6 0 0 

Black Fine Cinders 

Red Fine Cinders 

Red Coarse Cinders 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coe f f i c i ent  
of Correlation 

0.101 - 0.110 

0.98 - 

*Significant at a 95% Confidence Level 

0.235* 

0.088 

Calculated 

83 

-6 

64 

46 

-6 

0.083 

0.095 

- 0.95 



-PIiUlWFWHIc- 
of Target: Mseonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: Catwrrlk of' Water Tower, Davis, California 
Mstance fmpn Target & r a p  150 feet 
Camera Used: 
Color Temperature Reading of Deylight EQ: 10 units, or 5175% 
Film-Filter Canbinstion: Panchranatic (Tri-X) ; Wratten 2% 

Speed Graphic with focal length of 127 nun. 

v) z % 0.0- 

I- w 
z 
b. -1.0- 
0 

(3 

9 
-2.0 

300 400 500 600 700 800 900 It 
WAVELENGTH ( m r )  

n 
9 
-2.0 

- I . O I  

300 400 500 600 700 
WAVELENGTH ( m r )  

800 900 It 0 

R(IO*H WlER TERRAIN SAMPLES (See wo. I4 I 

T A R E 1  ARRAY 

1/250 second at f 4.7 

Low Sun Angle: 



MULTISPECTRAL PHOTOGRAPHIC MPERIMENT 
e of Target: Masoae Color Panels and Pisgah Crater Terrain Samp 

%era Station: C a t w a l k  of Water Tower, Davis, California 
Distance from Target Array: 
Camera Used: 
Color Temperature Reading of Daylight S e :  11 
E-- - 
E --.. 

150 f ee t  
Speed Graphic with focal length of 127 mm. 

units, or 52c0 OK 
a t i c  (Tri-X); Wratten 12 Qlm-Filter Combination-: Panchrom, 

;un Angle: Tnw 

> t1.0 
t 
L 
t 
v ) .  z % 0.0 

+- 
W z 

8 -'.O' 

4 
0 i i  1 ,  -2.0 

300 400 500 600 700 SbO & 1000 j 
WAVELENQTH (nr)  

1/250 second'at f 16 
Camera 1 

TARQET ARRAY 

1les 

1/250 second a t  f 16 
Camera 1 

1/250 second at  f 16 
Camera 2 



PREDICTED VS ACTUAL TONE VALUES 

Te s t Area : Davis 

Film-Filter: Panchromatic (TR1-X), Wratten 12 

Sun Angle: Low 

Spectrophotometer: General Electric (Laboratory) 

Target : Color Pa.nels 

Prediction Function 

Color Panel 

White 
Light Grey 
Medium Grey 

Dark Grey 
Brown 
Green 
Yellow 
Rust 
Blue 
Chartreuse 
Red 

Black 

C omput e d 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Ca.lculated 

100 100 

54 94 
36 79 
21 71 
6 35 

17 72 

65 98 
20 65 

5 42 
15 71 
15 40 
0 0 

121 

84 
69 
57 
45 
54 
93 
56 
44 
52 
52 
40 

1.167* 0.084* - 

0.072 0.049 

- 0.80 

100 

87 
78 
66 
39 
62 
91 
65 
35 
59 
59 
0 

100 104 

94 90 
79 81 
71 69 
35 40 
72 64 
98 94 
65 68 
42 36 
71 61 
40 61 

0 0 

0.038 0.026 - 

0.050 0.049 

0.g6 

*Significant at a 95% Confidence Level 



m D I C T E D  VS. ACTUAL TONE VALUES 

Test Area: Davis 

Film-Filter Panchromatic (TFU-X), Wratten 12 

Sun Angle: Low 

Spectrophotometer: General Electric (Laboratory) 

Target : Color Panels 

Color Panel 

White 
Light Grey 
Medium Grey 
Dark Grey 
Brown 
Green 
Yellow 
Rust 
Blue 
Chartreuse 
Red 

Black 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Prediction Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 

54 94 
36 . 77 
21 72 
6 36 

17 72 

65 96 
20 65 

5 42 
15 75 
1 5  39 
0 0 

120 

83 
69 
57 
45 
54 
92 
57 
45 
53 
53 
41 

100 

87 
78 
66 
39 
62 
91 
65 
35 
59 
59 
0 

100 

94 
77 
72 

36 
72 

96 
65 
42 
75 
39 
0 

1.17~ - 0.069* 0.039* 0.018 - 

0.072 0.049 
7 

- 0.79 

jCSignificant at a 95% Confidence Level 

0.050 - 0.049 - 
- 0.95 

104 
90 
81 
69 
41 
64 
94 
68 
37 
61 
61 
1 



PFG3DICTED VS. ACTUAL TONE VALUES 

Test Area: Davi s 

Film-Filter:  Panchromatic (Tr i -X) ,  Wratten 12 (Camera #2) 

Sun Angle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Color Panels 

Prediction Function 

Color Panel Predicted 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 
Green 

Yellow 

Rust 

Blue 

Chartreuse 

Red 

Black 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

100 

54 
36 
21 

6 
17 
65 
20 

5 
15 
15 

0 

Linear 

Actual 

100 

94 
86 
70 
23 
70 
96 
67 
43 
71 
48 
0 

Calculated 

122 

84 
69 
57 
45 
54 
93 
56 
44 
52 
52 
40 

1.170* 0.081* 

0.072 0.049 

- 0.79 

*Signif icant  a.t a 95% Confidence Level 

Logarithmic 

Predicted Actual Calculated 

100 100 105 
87 94 91 
78 86 81 
66 70 69 
39 23 40 
62 70 64 
91 96 95 
65 67 68 
35 43 35 
59 71 61 
59 48 61 
0 0 -2 

0.039 0.013 

0.050 0.049 

0.97 



MULTISPECTRAL PHOTOGRAPHIC EXPERIMENT 

Type of Tar(r;et 

Camera Station 

Distance from Target Arrsy: 

Camera Used: 

Color Temperature ReadinR of Daylight SQ: 14 

Masonite Color Panels and Pisgah Crater Terrain Samples 

Glacier Point, Yosemite National Park, California 

4,200 feet 

Graphlex camera with focal length of 20 inches 

units, or 5280 

I 

i 

I 

-2.0' \ \ 
300 400 500 600 700 800 900 1000 

WAVELENGTH ( m r )  TAROET ARRAY 

-. 
I - ... . - 

Film: Ektachrome Filter: None Sun Angle: High . -  



MULTISPECTRAL P " I C  =RIFE" 

DARK GREY 

Type of Tmget: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: Glacier Point, Yosdte  National Park, California 

Distance from Target Array: 

Camera Used: 

4,200 feet 

Graphlex camera with focal. length of 20 inches 

BLACK 

Color Temperature Reading of Daylight S l w :  14 

- 
I 0 

units, or 5280 % 

WHITE LIGHT GREY =-r= 
GREEN 1 YELLOW 

BLUE I CHARTREUSE 

GREY 

BROWN 

RUST 

RED 

'ISUH CRATER TERRAIN SAMPLES (See pa00 I4 ) 

TARGET ARRAY 

Film: camouflage Detection Filter: Wratten 15+EF-2200 Sun Angle: 



MULT1sPEcm H I O T ~ I C  MpERIMEmT 

Type of Target: Masonite Color Panels ana Pis@ Crater Terrain4Samples 

Camera Station: 

Distance from Target &rap 

Camera Used: 

Glacier Point, Yosdte  National Park, California 

4,200 feet 

Graphlex camera with focal length of 20 inches 

Color Temperature Reading of Daylight Sky: 

WHITE LIGHT GREY GREY 

BROWN DARK GREY BLACK 

GREEN YELLOW RUST 

BLUE 1 CHARTREUSE 1 RED - 
P I W H  CRATER TERRAIN S*HPLES (See P W  14 ! 

TARGET ARRAY 

Film: Panchromatic (Tri - Filter: Wratten 15 Sun Angle: I&& 



PREDICTED VS. ACTUAL TONE VAT.1UES 

Test Area: Yo s e m i  t e 

Film-Filter : Panchromatic ( TR1-X), Wratten 15 

Sun A n g l e :  High 

Spe c t ropho t ome t e r : General E l e  c t r i  c (Labor a to  ry ) 

Target : Color Panels 

Prediction Function 

Linear Logarithmic 

Color Panel 

White 

Light Grey 
Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chart reus  e 

Red 

Black 
I 

Computed 
K-S Maximum 

i K-S S t a t i s t i c  

C oe f f i c i e n t  
of  Correlation 

Predicted 

100 

54 
36 
21 

6 
15 
66 
22 

4 
15 
16 
0 

Actual 

100 

95 
89 
78 
49 
76 
97 
73 
43 
75 
58 

0 

Calculated 

120 

87 
74 
63 
52 

59 
96 
64 
51 

59 
60 
48 

0.072 0.047 - 

Predicted 

100 

87 
78 
66 
39 
59 
91 
67 
30 
59 
60 
0 

Actua.1 

100 

95 
89 
78 
49 
76 
97 
73 
43 
75 
58 
0 

Calculated 

108 

95 
86 
74 
47 
67 
99 
75 
38 
67 
68 

8 

0.133* 0.018 - - 
- 0.050 0.047 - 
- 0.97 

*Significa.nt a.t a. 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

T e s t  Area: Yo semi t e 

Film-Filter:  Panchromatic ( T r i - X ) ,  Wratten 1.5 

Sun Angle: High 

Spectrophotometer: Cary (Laboratory) 

Target : Color Panels 

Linear 

Prediction Function 

Logarithmic 

Color Panel 

Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Predicted Actual 

100 100 

16 30 

26 60 

16 60 

16 60 

0 0 

107 100 100 92 

42 60 30 53 

49 71 60 63 

42 60 60 53 

42 60 60 53 

29 0 0 -5 

0.782* 0.131* - 

0 077 - 0.103 

0.82 - 

0.118* 0.057 

+Signi f icant  at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Yosemite 

Film-Filter: Panchromatic ( T r i - X )  , Wratten 1 5  

Sun Angle: High 

Spectrophotometer : General E lec t r i c  ( Labor at ory ) 

Target: Terrain Types 

Prediction Function 

Terrain Type 

Lake Bed S o i l  

B h c k  Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

Rough Lava. 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of C o r r e h t i o n  

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 100 100 100 74 

-1 -18 -7 

9 16 

20 9 

0 0 

4 

15  

-6 

0.1623~ 0.049 - 

0.119 - 0.119 

0.98 - 

0 -18 -17 

48 

65 

0 

16 26 

9 42 

0 -17 

0 093 0.102 

0.86 - 

*Significant a t  a. 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Yo semi t e 

Film-Filter : 

Sun Angle: High 

Panchromatic ( T r i - X )  , Wratten 15 

Spectrophotometer: U.S.A. E.R.D.L. 

Target : Terrain Types 

Linear 

Terrain Type Predicted Actual 

Lake Bed S o i l  

Black Fine Cinders 

Red Fine Cinders 

Red Coarse Cinders 

Rough Lava 

C omput e d 
K-S Mai~imum 

K-S S t a t i s t i c  

Coefficient 
of Correlation 

100 100 

2 - 18 
25 9 

9 16 

0 0 

(Portable) 

Prediction Function 

Ca.1 c u l a t  ed 

9% 

-5  

19 

2 

-7 

0.213* - 0.065 

0.118 - 0.117 

- 0.97 

Logarithmic 

Predicted Actual Calculated 

100 100 71 

15 -18 -8 

70 9 43 

48 16 23 

0 0 -22 

0.540* 0.170* 

0.089 0.105 

0.83 - 

*Significant a t  a. 95% Confidence Level 



MULTISPECTRAL RIOTOGRAPHIC MpERlMENT 

Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: 

Distance frm Target Array: 

Camera Used: 

Color Temperature Readixg of Daylight Sky: 14 

Glacier Point, Yosemite National Park, CaJAfornia 

4,200 feet 

Graphlex camera with focal length of 20 inches 

units, or  5280 OK 

I \  
-2.0' I \ 

300 4 0 0  500 600 700 800 @C€I 1000 , 
WAVELENGTH (mu) 

I 

- 

WHITE 1 LIGHT GREY 1 GREY 

LXRK GREY 1 BLACK 1 BROWN 

GREEN 1 YELLW 1 RUST 

BLUE 1 CHARTREUSE 1 RED 

W CRATER TERRAIN SAMPLES ( S e a  Daw 14 1 

TARGET ARRAY 

Film: Panchromatic ( T r i - X )  Fil ter:  Wratten 61 

~~~ ~ ~ ~ 

Sun Angle: High 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: 

Film-Filter:  

Sun Angle: 

Yo semi t e 

Panchromatic (Trl-X), Wratten 61 

High 

Spectrophotometer: General E l e c t r i c  (Laboratory) 

Target : Color Panels 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chartreuse 

Red 

Black 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ien t  
of Correlat ion 

Prediction Function 

Linear 

Predicted Actual Calculated 

100 100 137 
55 95 89 
36 91 69 
21 82 53 

3 32 34 
32 88 65 
52 95 86 
3 27 34 

12 70 44 
20 83 52 

2 -35 33 
0 0 31 

1.167* 0.1@* 

0.074 0.050 

0.71 - 

Logarithmic 

Predicted Actual Calculated 

100 100 116 
87 95 100 

78 91 88 
66 82 73 
24 32 20 

75 88 85 
86 95 98 
24 27 20 

54 70 58 
65 83 72 
15 -35 9 
0 0 -10 

0 . 0 8 ~  0.045 

0.052 0.050 - 
0 2 3  

*Significant a t  a 95% Confidence Level 



PRF1DICTED VS. ACTUAL TONE VALUES 

Test Area: 

Film-Filter:  

Sun Anale: 

Yo semi t e 

Panchromatic ( T r i - X ) ,  Wratten 61 

High 

Spectrophotometer : Pritchard (Portable) 

Target : Color Panels 

Prediction Function 

Color Pa.nel 

Light Grey 

Medium Grey 

Dark Grey 

Yellow 

Rust 

Chartreuse 

Red 

Green 

Blue 

Brown 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Predicted 

100 

68 
38 
108 
-1 

35 
-4 
57 
18 
0 

Linear 

Actual 

100 

83 
67 

100 

0 

83 
-100 

33 
50 
0 

Calculated 

110 

72 
37 
119 
-9 
33 

- 12 
59 
13 
-8 

0.224* 0.1853~ 

0.066 0.062 - 
0.78 - 

Logarithmic 

Predicted Actual Calculated 

100 

92 
79 
102 
0 

77 
-30 
88 
63 

0 

100 

83 
67 

100 

0 

83 
-100 

33 
50 
0 

92 
83 
68 
94 
-26 
65 
-61 
78 
48 

-26 

0.244* 0.0603~ 

0.054 0.054 

*Signif icant  at  a 95% Confidence Level 



Test Area: 

PREDICTED VS. ACTUAL TONE VALUES 

Yo semi t e 

Film-Filter: Panchromatic (Tri-X) , Wratten 61 
Sun Angle: High 

Spectrophotometer : 

Target : Terrain Ty-pes 

Gene ral Electric (Labor at ory ) 

Prediction Function 

Terrain Type 

Lake Bed Soil 

Black Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

Rough Lava 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 100 100 100 74 

3 -33 -8 24 -33 -6 

8 13 

21 11 

0 0 

-2 

12 

- 11 

0.311" 0.104 - 

0.118 - 0.118 

- 0.95 

+Significant at a 95% Confidence Level 

45 

66 

0 

13 16 

11 38 

0 - 31 

0.613* 0.189* 

0.089 0.106 

0.82 - 



t 

Test Area : 

Film-Filter : 

Sun Annle: 

PREDICTED VS. ACTUAL TONE VALUES 

Yo semi t e 

Panchromatic (Tri-X), Wratten 61 

High 

Spe t rophot omet er : U . S . A E .R . Do L ( P o r t  able ) 

Ta.rge t : Terrain Types 

Predict ion Function 

Terrain me 

Lake Bed S o i l  

Black Fine Cinders 

Red Fine Cinders 

Red Coa.rse Cinders 

Rough Lava 

Computed 
K-S M a x i m u m  

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 LOO 99 100 100 76 

3 -33 -6 24 - 33 -3 

21 11 13 66 11 41 

4 13 -5  30 13 4 

0 0 -10 0 0 -27 

0 . 2 8 ~  0.125* - 

0.117 - 0.120 

0.94 - 

0.586* 0.180* 

0.092 0.111 

0.82 - 

*Significant a t  a 954 Confidence Level 



MULTISPECTRAL PHO!LWRAPHIC 
Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

-2.0 ! 

Camera Station: Glacier Point, Y o s d t e  National Park, California 

Distance from Taraet Array: 

Camera Used: 

4,200 feet 

Graphlex camera with focal length of 20 inches 

WHITE 

DARK GREY 

QREEN 

BLUE 

Color Temperature Reading of D a y l i g h t  Sky: 14 

LIGHT GREY GREY 

BROWN BLACK 

YELLOW RUST 

CHARTREUSE RED 

c 
2 c 
v) z 

0.0- 

L 
8 -1.0- 

9 

z 

(3 

units,  or 52ZQ % 

. .. 
Film: pan chromatic (Tri - X> Fil ter :  Wratten 29 Sun Angle: High 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: 

Film-Filter: 

Sun Angle: 

Yosemite 

Panchromatic ( Trl-X), Wratten 29 

High 

Spectrophotometer : General Electric (Laboratory) 

Target : Color Panels 

Prediction Function 

Color Panel 

White 
Light Grey 
Medium Grey 
Dark Grey 
Brown 
Green 
Yellow 
Rust 
Blue 
Chartreuse 
Red 

Bla.ck 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Linear 

Predicted Actual Ca.lculat ed 

100 100 123 
52 94 84 
35 88 70 
20 75 58 
8 55 48 
8 57 48 

73 98 101 

36 86 71 
3 18 44 

13 66 53 
48 88 81 
0 0 42 

Logarithmic 

Predicted Actual Calculated 

100 100 108 

77 88 84 
86 94 93 

65 75 71 
45 55 50 
45 57 50 
93 98 101 

78 86 85 
24 18 28 
56 66 61 
84 88 91 

0 0 3 

0.096* 0.016 1.083* 0.0833~ 

0.068 0.047 - 0.050 0.047 - 
- 0.99 

*Significant at a. 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area : Yo semi t e 

Film-Filter:  Panchromatic ( T r i - X ) ,  Wratten 29 

Sun Angle: High 

Spectrophotometer: Cary (Laboratory) 

Target : 

Col r Pan -- 
Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

1 - 

C omput e d 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Color Panels 

Prediction Function 

Linear 

Predicted Actual Calculated 

100 100 110 

62 83 82 

45 83 69 

13 61 46 

6 56 40 

0 0 36 

0.695* 0.094* 

0.090 0.070 

0.82 - 

Logarithmic 

Predicted Actual Calculated 

100 100 99 

90 83 90 

83 83 84 

56 61 59 

39 56 43 

0 0 8 

0.062 0.020 

0.071 0.070 

0.98 - 

*Significant a t  a 95% Confidence Level 

3 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Yo semi t e  

Film-Filter:  Panchromatic ( T r i - X )  , Wratten 29 

Sun Angle: High 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Terrain Type 

Lake Bed S o i l  

Black Fine 
Cinders 

Red Coarse 
Cinders 

Red Fine 
Cinders 

Rough Lava 

Computed 
K-S M a x i m u m  

K-S S t a t i s t i c  

Coeff ic ient  
of Correlation 

Predict ion Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 100 72 100 100 

-2 -21 -7 -15 -21 -24 

10 

21 

0 

25 

6 

0 

5 50 25 30 

17 66 6 44 

-5 0 0 -12 

0.143* 0.102 

0.118 0.117 

0.96 - 

*Significant a.t a 95% Confidence Level 

0.101 - 0.089 

0.85 - 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Yo semi t e 

Film-Filter : Panchromatic (Tri-X) , Wratten 29 
Sun Angle: High 

Spectrophotometer : U.S .A. E .R. D.L. (Portable) 

Target: Terrain Types 

Prediction Function 

Linear Logarithmic 

Terrain Type 

Lake Bed S o i l  

Black Fine Cinders 

Red Fine Cinders 

Red Coarse Cinders 

Rough Lava 

C omput e d 
K-S M ~ i m ~ m  

K-S Statistic 

Coefficient 
of Correlation 

Predicted Actual Calculated Predicted Actual Calcuhted 

100 100 96 100 100 

2 -21 -7 15 - 21 
33 6 26 76 6 

17 25 4 54 25 

0 0 -9 0 0 

0.252" 0.110 - 
0.115 - 0.112 

- 0.93 

0.551* 

0.087 

67 

-8 

46 

26 

-21 

0.195* 

0.105 

- 0.79 

*Significant at a 95% Confidence Level 



MULTISPECTRAL pH0ToGRAp)IIC EXPERIMENT 
Type of Target: Masonite Color Panels and Pisgah Crater Terrain Samples 

Camera Station: Glacier Point, Yosmite N a t i o n a l  Pazk, California 

Distance from T a r g e t  Arrq: 

Camera Used: 

4,200 feet 

Graphlex camera with focal length of 20 inches 

Color Temperature Reading of Daylight sky: 

ln z 3 0.0- 
t- W z 

LL -1.0- 
0 

0 s 
-2 0' I \ 

300 400 500 600 700 800 900 1000 
WAVELENGTH (mfiu) 

. .  

I 

I 
I I 

I Film: =ed, 

14 units, or 5XC OK 

I 

I 

TAROET ARRAY I 

Filter: Wratten 8 9  Sun Angle: H i g h  



PREDICTED VS. ACTUAL TONE VALUES 

Test Area.: Yo semi t e 

Film-Filter: Infrared, Wratten 8 9 ~  

Sun Angle: High 

Spectrophotometer: General Electric (Laboratory) 

Target : Color Panels 

Color Panel 

White 
Light Grey 
Medium Grey 
Dark Grey 
Brown 
Green 
Yellow 
Rust 
Blue 
Chartreuse 
Red 

Bla.ck 

C omput ed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Prediction Function 

Linear 

Predicted Actual Calculated - 
100 100 11-3 
49 71 64 
31’ 53 47 
17 45 34 

28 45 44 
77 93 91 
33 47 49 
17 39 34 
28 53 44 
67 84 81 
0 0 18 

7 1 4  24 

0.418* 0.044 

0.064 0.054 - 
0.gg 

Logarithmic 

Predicted 

100 

85 
75 
62 
42 
72 
94 
76 
62 
72 
91 
0 

A c tua.1 

100 

71 
53 
45 
14 
45 
93 
47 
39 
53 
84 
0 

C a1 culat ed 

85 
69 
59 
46 
26 
57 
79 
61 
46 
57 
76 

-17 

0.225~- 0.056* - 

- 0.047 0.052 

- 0.93 

*Significant at a. 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater  

Film-Filter:  Panchromatic, Wratten 12 

Sun Amle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Color Panels 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

C ha.r t  reus e 

Red 

Black 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear 

Prediction Function 

Predicted 

100 

54 
36 
21 

6 
17 
65 
20 

5 
15 
15 
0 

Actual 

100 

91 
85 
64 
38 
53 

100 

59 
18 
57 
40 
0 

Calculated 

124 

81 
65 
51 
37 
47 
91 
50 
36 
45 
45 
32 

0.072 0.051 

0.86 - 

Logarithmic 

Wed i c t  ed Actual C a1 cula t  ed 

100 100 102 

87 91 87 
78 85 77 
66 64 64 
39 38 33 
62 53 59 
91 100 91 
65 59 63 
35 l a  29 
59 57 56 
59 40 56 
0 0 - 10 

0.0753~ 0.027 

0.050 0.050 

0.97 - 

*Significant at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter: Panchromatic, Wratten 12 

Sun Angle: Low 

Spectrophotometer: Cary (Laboratory) 

Target : Color Panels 

Prediction Function 

Color Paael 

Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 105 100 100 84 

13 27 31 56 24 42 

23 50 40 68 50 54 

17 48 35 62 48 48 

19 42 36 64 42 50 

0 0 20 0 0 - 11 

0.552* 0.091* 0.236.~ 0.055 

0.083 0 073 0.080 - 0.104 

0.94 - 0.93 - 

e 

*Significant at a 95% Confidence Level 



\ 

PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter:  Panchromatic, Wratten 12 

Sun Angle: Low 

Spectrophotometer : General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Prediction Function 

Terrain Type 

Fine White S o i l  

Fine Black 
Cinders 

Fine Red 
Cinders 

Coarse Black 
Cinders 

Coarse Red 
Cinders 

Smooth Lava 

Rough Lava 

Computed 
K-S M a x i m u m  

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear 

Predicted Actual Calculated 

100 100 107 

0 52 45 

9 42 50 

6 47 49 

20 88 57 

7 73 49 

0 0 45 

1.831* 0.1123~ - 

0.114 0.068 

0.67 - 

Logarithmic 

Predicted Actual Calculated 

100 100 102 

0 52 25 

48 42 62 

39 47 55 

65 88 , 75 

42 73 58 

0 0 25 

0.3683~ 0.062 

0 -079 0.068 

0.82 - 

*Significant at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter: Panchromatic, Wratten 12 

Sun Angle: Low 

Spectrophotometer : U S . A. E .R D . L ( Port ab1 e ) 

Target : Terrain Types 

Prediction Function 

Terrain Type 

Fine White So i l  

Fine Black 
Cinders 

Fine Red Cinders 

Coarse Black 
Cinders 

Coarse Red 
Cinders 

Linear 

Predicted Actual Calculated 

100 100 112 

2 52 46 

6 47 49 

25 88 62 

8 42 50 

Desert Pavement 23 76 60 

Smooth Lava 1 5  73 55 

Rough Lava 0 0 45 

Compute d 
K-S M a x i m u m  

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

1.67~ - 0.101* 

0.062 - 0.102 - 
0.70 
7 

*Significant a t  a 95$ Confidence Level 

Logarithmic 

Predicted Actual Calculated 

100 100 105 

15  52 29 

39 47 50 

70 88 78 

45 42 56 

68 76 77 

59 73 68 

0 0 1 5  

0.2073~ 0.032 

0.068 0.062 

0.92 - 



MULTISPECTRAL PHOTOGR4PHIC EXPERIMENT 

WHITE LIGHT GREY 

DARK GREY BLACK 

W E N  YELLOW 

BLUE CHARTREUSE 

me of Target: Terrain Tlypes at Pisgah Crater and Masonite Color Panels 

QREY 

BROWN 

RUST 

RED 

Camera Station: Cessna 180 Aircraft  

Distance frm Target Arrax: 

Camera Used: 

Color Temperature Reading of Daylight Sky:  I!? 

3,000 fee t  ve r t i ca l ly  above 

K-17 aerial camera with focal length of 12 inches 

uni ts ,  o r .  51175 OK 

-2.0' ' I 
300 400 500 600 700 800 900 

WAVELENGTH (I'nr) 
- - -  

TARGET ARRAY 

Film: Panchromatic F i l t e r  : Wratten 47B Sun Angle: - Low 



PREDICTED VS. ACTUAL TONE VAT_ITJES 

Pisgah Crater 

Pa.nchroma.tic, Wratten 47B 

Low 

Test Area: 

Film-Filter:  

Sun Angle: 

Spectrophotometer: U.S .A. E.R.D.L. (Portable) 

Target : Terrain Types 

Predict ion Function 

L - nari thmi c Linear 

Predicted Actual Calculated 

100 100 109 

Predicted Actual Calculated 

100 100 86 

35 16 34 

Terrain Type 

Fine White S o i l  

5 16 25 Fine Black 
C ind e r  s 

1 16 21 0 16 5 Fine Red 
Cinders 

22 63 40 67 63 60 Coarse Black 
Cinders 

0 16 20 0 16 5 Coarse Red 
Cinders 

68 52 60 

60 47 54 

0 0 5 

Desert Pavement 23 52 41 

16 47 34 

0 0 20 

Smooth Lava 

Rough Lava 

Computed 
K-S Maximum 

0.856* 0.1223~ - o ..097* 0.051 

K-S S t a t i s t i c  0 077 - 0.105 

Coeff ic ient  
of Correlat ion 

0.90 - 

*Signif icant  a t  a 95% Confidence Level 



PREDICTED VS.  ACTUAL TONE VALUES 

Test Area : Pisgah Crater 

Film-Filter : Panchromatic, Wratten 61 

Sun Angle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chartreuse 

Red 

Black 

C omput e d 
K-S Maximum 

Color Panels 

Predict ion F’unc t ion 

Linear 

Predicted Actual 

100 100 

55 84 
36 69 
21 49 

3 11 

32 65 
52 86 
3 8 

12 31 
20 49 
2 -3 
0 0 

Calculated 

126 
76 
55 
38 
18 
50 
72 
18 
28 

37 
17 
1 5  

0.634* 0.094* 

K-S S t a t i s t i c  0.074 0.058 

Logarithmic 

Predicted 

100 

87 
78 
66 
24 
75 
86 
24 
54 
65 
1 5  
0 

Actual 

100 

84 
69 
49 

65 
86 
8 

31 
49 
-3 
0 

11 

Calculated 

93 
79 
69 
57 
11 

66 
78 

43 
55 
1 

-15 

11 

0.185* 0.035 

0.052 0.056 

0.98 - Coeff ic ient  
of Cor r e1  a t  i on 

0.91 - 

*Significant a t  a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter: Panchromatic, Wratten 61 

Sun Angle: Low 

Spectrophotometer: Cary (Laboratory) 

Target : Color Panels 

Color Panel 

Yellow 

Red 

Rust 

Chartreuse 

Green 

Blue 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Prediction Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 115 100 100 80 

-31 -61 -45 -75 -61 - 57 
-22 -41 - 34 -67 -41 - 51 

18 33 15 63 33 51 

47 62 50 84 67 68 
0 0 -7 0 0 2 

0.102* 0.064 - 0.225* o.o84+ - 

0.092 0.083 

SYZz 

0.069 0.077 

0.98 - 

*Significant a t  a 95% Confidence Level 



F'REDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter: Panchromatic, Wratten 61 

Sun Angle: Low 

Spectrophotometer: Pritchard (Portable) 

Target : Color Panels 

Prediction Function 

Color Panel 

Light Grey 
Medium Grey 
Dark Grey 
Yellow 
Rust 
Chartreuse 
Red 
Green 
Blue 
Brown 

Linear 

Predicted Actual 

100 100 

68 79 
38 52 

108 104 
-1 -4 
35 52 
-4 -20 

57 74 
18 27 
0 0 

Calculated 

107 
74 
42 

116 
1 

39 
-2 

62 
21 

2 

Computed 0.114* - 0.055 
K-S Maximum 

0.066 0 . 0 6 ~  - K-S Statistic 

Coe f f i c i ent 
of Correlation 

0.g7 

Logarithmic 

Predi c t ed Actual Calculated 

100 100 84 

92 79 77 
79 52 66 

102 104 85 
0 -4 -3 

77 52 64 
-30 -20 -29 
88 74 73 
63 27 5 1  
0 0 -3 

- 0.054 0.059 

0.95 

"Significant at a 95% Confidence Level 



I PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater  

Film-Filter:  Panchromatic, Wratten 61 

Sun Angle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Ta.rget : Terrain Types 

Prediction Function 

Terrain Type 

Fine White S o i l  

Fine Black 
Cinders 

Fine Red 
Cinders 

Coarse Black 
Cinders 

Coarse Red 
Cinders 

Smooth Lava 

Rough Lava 

Computed 
K-S M a x i m u m  

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear 

Predicted Actual Calculated 

100 100 105 

3 25 22 

a 22 27 

9 17 28 

21  61 38 

11 44 29 

0 0 20 

0.770* 0.121" - 

0.110 0.083 

0.90 - 

Logari thmi c 

Predicted Actual Cal cu1a.t ed 

100 100 90 

24 25 15  

45 22 36 

48 17 38 

66 61  56 

52 44 43 

0 0 -9 

0.197" 0.066 

0.074 0.080 

*Signif icant  at a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter:  Panchromatic, Wratten 61 

Sun Angle: Low 

Spectrophotometer: U.S.A. E.R.D.L. (Portable) 

Target : Terrain Types 

Prediction Function 

Terrain Type 

Fine White S o i l  

Fine Black 
Cinders 

Fine Red 
Cinders 

Coarse Black 
Cinders 

Coarse Red 
Cinders 

Desert Pavement 

Smooth Lava 

Rough Lava 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Predicted 

Linear 

Actual Calculated 

100 100 107 
3 25 24 

5 17 26 

21 61 39 

4 22 25 

25 50 43 
15 44 34 
0 0 21 

0.103 0.076 - 
0.91 - 

*Significant a t  a 95% Confidence Level 

Lonarithmi c 

Predicted Actual Calculated 

100 100 89 
24 25 17 

35 17 27 

66 61 57 

30 22 23 

70 50 61 
59 44 50 
0 0 -6 

0.16~ 0.042 



MULTISPECTRAL PHOTOGRAPHIC EXPERIMENT 

Type of Target: Terrain Types at Pisgah Crater and Masonite Color Panels 

Camera Station: Cessna 180 Aircraft 

Distance from Target Arrax: 3,000 feet vertically above 

Camera Used: 

Color Temperature Reading of Daylight Sky: 10 units, or 5175 OK 

K-17 aerial camera with focal length of 12 inches 

*LO 
t 
2 
5 z 

0.0 
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Film: Panchromatic Filter: Wratten 90 Sun Angle: - Low 



1 

PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter:  Panchromatic, Wratten 90 

Sun Angle: Low 

Spectrophotometer : General E lec t r i c  (Laboratory) 

Ta.rge t : Color Pa.nels 

Prediction Function 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chartreuse 

Red 

Bla.ck 

Linear 

Predicted Actual 

100 100 
54 86 
36 72 
21 54 
7 25 
12 63 
69 130 

25 79 
3 36 

13 72 
13 97 
0 0 

Calculated 

117 
83 
70 
59 
49 
53 
94 
62 
46 
53 
53 
44 

Computed 1.221* 0.100* 
K-S Maximum 

K-S S t a t i s t i c  0.072 0.049 
Coeff ic ient  
of Correlation 

0.70 - 

Logarithmic 

Predicted Actual Calculated 

100 100 104 
87 86 91 
78 . 72 82 
66 54 71. 
42 25 48 
54 63 59 
92 100 96 
70 79 75 
24 36 30 
56 72 61 
56 97 61 
0 0 7 

0.085* 0.035 

0.050 0.049 

0.88 

*Significant a.t a 95% Confidence Level 



PFUlDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater  

Film-Filter:  Panchromakic, Wratten 90 
b 

Sun Angle: Low 

Spectrophotometer: Cary (Laboratory) 

Target : Color Panels 

Prediction Function 

Linear Logarit hi c 

Color Panel Predicted Actual Calculated Predicted Actual Calculated 

Yellow 100 100 107 100 100 100 

Red 11 96 49 52 96 56 

Rust 31 68 62 75 68 77 

Chartreuse 14 56 51 57 56 61 

1 Green 1-3 42 51 56 42 59 

Blue 0 0 47 0 0 7 

1.142" 0.117" 0.129" 0.  ogi* 

0.105 0.072 0.074 0.072 

Computed 
K-S M a x i m u m  

K-S S t a t i s t i c  

- 

0.84 - Coeff ic ient  0.63 - of Correlat ion 

*Significant a t  a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater  

Film-Filter:  Panchromatic, Wratten 90 

Sun Angle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Terrain Type 

Fine White Soil 

Fine Black 
Cinders 

Fine Red 
Cinders 

Coarse Black 
Cinders 

Coarse Red 
Cinders 

Smooth Lava 

Rough Lava 

C omput e d 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Prediction Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 106 100 100 aa 
16 16 0 16 -3 -1 

9 

6 

20 

7 

0 

13 

5 

67 

45 

0 

25 

23 

35 

24 

17 

0.734-X 0.144* 

0.114 0.087 

0.85 - 

48 

39 

65 

42 

0 

13 40 

5 32 

67 56 

45 35 

0 -3 

0 079 0.085 

0.86 

e i g n i f  i can t  at a. 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter:  Panchromatic, Wratten 90 

Sun Angle: Low 

Spectrophotometer: U.S.A. E.R.D.L. (Portable)  

Target : Terrain Types 

Predict ion Function 

Terrain Type 

Fine White S o i l  

Fine Black 
Cinders 

Fine Red 
Cinders 

Coarse Black 
Cinders 

Coarse Red 
Cinders 

Desert Pavement 
Smooth Lava 

Rough Lava 

Computed 
K-S M a x i m u m  

K-S S t a t i s t i c  

Coefficient 
of Correlat ion 

Linear 

Predicted Actual Calculated 

100 100 110 
2 16 17 

6 5 21 

25 67 39 

9 13 24 

23 48 37 
1 5  45 30 

0 0 16 

0.633* 0.1503~ 

0.101 0 079 

0.88 - 

Logarithmic 

Predicted Actual Calcula.ted 

100 100 86 
15 16 3 

39 5 26 

70 67 56 

48 13 35 

68 48 55 
59 45 46 
0 0 - 12 

0.2623~ 0.080* 

0.068 0.076 

0.90 - 

*Significant a t  a 95% Confidence Level 



MULTIS~C’IYUL PHOTOGRAPHIC MPERIMENT 

Type of Target: 

Camera Station: Cessna 180 Aircraft  

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight Sky: 

Terrain Types a t  Pisgah Crater and Masonite Color Panels 

3,000 fee t  ver t ical ly  above 

K-17 a e r i a l  camera with focal length of 12 inches 

30 units, or 5 1 7 5 O ~  

- m z $ 0.0- 

I- Y 
z 
IA -1.0- 
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_. 

300 400 500 600 700 800 & I 
WAVELENGTH ( m r )  

0 

WHITE LIGHT GREY + 
QREEN I YELLOW 1 RUST 

CHARTREUSE RED I I 

Film: Infrared F i l t e r :  Wratten 8 9 ~  

TARGET ARRAY 

Sun Angle: - Low I 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area : Pisgah Crater 

Film-Filter: Infrared, Wratten 8 9 ~  
I 

Sun Angle: Low 

Spectrophotometer : General Electric (Laboratory) 

Target : Color Panels 

Prediction Function 

Linear Logarithmic 
\ 

Color Panel Predicted Actual Calculated Predicted Actual Calculated 

White 100 100 98 100 100 72 
Light Grey 49 84 54 85 84 58 
Medium Grey 31 67 39 75 67 49 
Dark Grey 17 43 27 62 43 38 
Brown 7 20 18 42 20 21 

Yellow 77 99 78 94 99 67 
Rust 33 38 40 76 38 50 
Blue 17 7 27 62 7 38 
Chartreuse 28 34 36 72 34 47 
Red 67 15 70 91 15  64 

1 Green 28 28 36 72 28 47 

Computed 
K-S Maximum 

0.244* 0.061* 

K-S Statistic 0.064 0 059 

0.362* 0.107* 

Coefficient 
of Correlation 

*Significant at a. 95% Confidence Level 



PREDICTED VS. AC’IUAL TONE VALUES 

I 

Test Area: Pisgah Crater  

Film-Filter : Infrared,  Wratten 8 9 ~  

Sun Anrrle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Ty-pes 

Prediction Function 

Terrain M e  

Fine White S o i l  

Fine Black 
Cinders 

Fine Red 
Cinders 

Coarse Black 
Cinders 

Coarse Red 
C ind er s 

Smooth Lava 

Rough Lava 

C omput e d 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear 

Predicted Actual 

100 100 

-3 5 1  

14 72 

3 34 

22 95 

6 76 

0 0 

Logarithmic 

Calculated Predicted Actual Calculated 

110 100 100 102 

47 -24 5 1  21 

57 57 72 74 

51 24 34 52 

62 67 95 81 

76 62 

0 36 

52 

49 

39 

0 

0.066 - 0.112 

0.63 - 

0.529* 0.071* 

0 077 0.066 

0.78 - 

“Signif icant  a t  a 95% Confidence Level 



Test Area: Pisgah Crater I 
PREDICTED VS. ACTUAL TONE VALUES 

Film-Filter : Infra.red, Wratten 8 9 ~  

I Sun Angle: Low 
I I Spectrophotometer : U . S .A. E .R . D .L . (Portable ) 

I Target : Terrain Ty-pes 

Prediction F'unction 

Linear Logarithmic 

Terrain Type Predicted Actual Calculated Predicted Actual Calculated 

Fine White S o i l  100 100 117 100 100 105 

Fine Black Cinders -1 51 46 0 51 22 

Fine Red Cinders 5 34 50 35 34 51 

Coarse Black Cinders 38 95 73 79 95 88 

Coarse Red Cinders 15 72 57 59 72 71. 

24 82 63 69 82 79 Desert Pavement 

Smooth Lava 1-5 76 57 59 76 71. 

Rough Lava 0 0 46 0 0 22 

1.586" 0.112" Computed - 
K-S Maximum 

0.060 0 097 - K-S S t a t i s t i c  

Coefficient 
of Correlation 

0.69 - 

0.273" 0.044 

0.068 0.060 

0.89 - 

*Significant a t  a 95% Confidence Level 



MULTISPECTRAL PHOTOGRAPHIC MPERPllEmT 

Type of Target: Terrain Types at Pisgah Crater and Masonite Color Panels 

Camera Station: Cessna 180 Aircraft 

Distance frcm Target Array: 

Camera Used: 

3,000 feet vertically above 

K-17 aerial camera with focal length of I2 inches 

Color Temperature Reading of Daylight Sky: 10 units, or 5175 ’% 

I 
I 

I 
I 
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-2.0 
300 400 500 600 700 000 800 1000 1 

WAVELENQTH hr) 

.J 

WHITE 

DARK GREY 
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BLUE 

LIGHT GREY * 
TARGET ARRAY 

Film: Infrared Filter: Wratten 87c Sun Angle: - Low 



Test Area: 

Film-Filter:  

Sun Angle: 

PFBDICTED VS. ACTUAL TONE VALUES 

Pisgah Crater 

Infrared,  Wratten 87c 

Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Color Panels 

Prediction Function 

Color Panel 

White 

Light Grey 

Medium Grey 

Dark Grey 

Brown 

Green 

Yellow 

Rust 

Blue 

Chartreuse 

Red 

Black 

Computed 
K-S Maximum 

Linear 

Predicted Actual 

100 100 

47 76 
30 62 
16 43 
7 7 

45 33 
77 52 
32 7 
25 41 
33 23 
69 -1 

0 0 

Calculated 

73 
41 
31 
22 

17 
40 
59 
32 
28 

33 
55 
12 

0.156* 0.097* 

K-S S t a t i s t i c  0.062 0.065 

Coeff ic ient  
of Correlat ion 

"Signif icant  a t  a 95% Confidence Level 

Logarithmic 

Predicted Actual Calculated 

100 100 55 
84 76 45 
74 62 39 
60 43 30 
42 7 19 
83 33 44 
94 52 52 

70 41 36 
76 23 40 
92 -1 50 
0 0 -8 

75 7 40 

0.479* 0.098* 

0.047 0.064 

0.54 - 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Pisgah Crater 

Film-Filter:  Infrared,  Wratten 87c 

Sun Angle: Low 

Spectrophotometer : 

Ta.rget : Terrain Types 

General E lec t r i c  (Laboratory ) 

Prediction Function 

Logarithmic 

Predicted Actual Calculated 

Linear 

Pred i c t ed Actual C a lcul  at ed Terrain Ty-pe 

Fine White S o i l  100 100 102 100 100 71 

-24 7 - 12 Fine Black 
C inde r s 

-3 7 7 

14 22 23 57 22 42 Fine Red 
Cinders 

15 17 14 Coarse Black 
Cinders 

2 17 12 

66 37 48 21 37 29 Coarse Red 
Cinders 

Smooth Lava 6 15  15  

0 0 10 

39 15 30 

0 0 4 Rough Lava 

0.184~ 0.131* Computed 0.3973~ 0.051 
K-S Maximum 

0.078 0.091 K-S S t a t i s t i c  0.113 0 097 

0.84 - Coeff ic ient  
of Correlat ion 

- 0.99 

*Significant a t  a 95% Confidence Level 



PREDICTED VS. ACTTJAL TONE VALUES 

Test Area: Pisgah Crater 

FilmpFilter: Infrared,  Wratten 87c 

Sun Angle: Low 

Spectrophotometer: U.S.A. E.R. D.L. (Portable) 

Target : Terrain Types 

Prediction Function 

Linear 

Terrain Ty-pe Predicted 

Fine White S o i l  100 

-3 Fine Black Cinders 

Fine Red Cinders 6 
Coarse Black Cinders 36 

15 Coarse Red Cinders 

Desert Pavement 26 

15 
Rough Lava 0 

Smooth Lava 

Actual 

100 

7 
17 
37 
22 

20 

15 
0 

Calculated 

98 
2 

10 

38 
19 
29 

19 
5 

C omput e d o.i39* 0.050 
K-S Maximum 

K-S S t a t i s t i c  0.096 0.092 

Coefficient 
of Correlation 

- 0.99 

100 100 

-24 7 
39 17 
78 37 
59 22 

71 20 

59 15 
0 0 

Logarithmic 

Predicted Actual Calculated 

56 
- 12 

22 

44 
33 
40 

33 
1 

0.380* 

0.066 0.087 

- 0.73 

*Significa,nt a t  a 9576 Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: 

Film-Filter:  

Sun Angle: 

Lavic Lake 

Panchromatic, Wratten 12 

Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Prediction Function 

Terrain Type 

Lake Bed S o i l  

Smooth Lava 

Rough Lava 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Linear L o g a r i t h i  c 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 101 100 100 99 

6 36 20 39 36 38 

0 0 1 5  0 0 -1 

0.283* 0.110 

0.132 0.117 

- 0.95 

0.021 0.008 

0.115 0.116 

1.00 - 

*Significant at  a 95% Confidence Level 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic Lake 

Film-Filter: Panchromatic, Wratten 12 

Sun Angle: Low 

Spectrophotometer : U . S .A. E .R . D. L. (Portable ) 

Target : Terrain Ty-pes 

Prediction Function 

Terrain Type 

Lake Bed Soil 

Alluvium Soil 

Smooth Lava 

Rough Lava 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 107 100 100 93 

11 36 25 52 36 46 

58 79 68 aa 79 81 

0 0 14 0 0 -5 

0.272* 0.067 

0.105 0 093 

0.96 - 

*Significant at a 95% Confidence Level 

0.105" 0.032 

0.  oaa 0.091 

0.98 - 



PREDICTED VS. ACTUAL TONE VALUE3 

Test Area : Lavic Lake 

Film-Filter : Panchromatic, Wratten 47B 

Sun Angle: Low 

Spectrophotometer : 

Target : Terrain Types 

U . S .A E. R D. L . ( Portable ) 

Prediction Function 

Terrain Type Predicted 

Lake Bed S o i l  100 

Alluvium S o i l  17 

Smooth Lava 60 

Rough Lava 6 

Linear 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coefficient 
of Correlation 

Logarithmic 

Actual Calcuhted  Predicted Actual Calculated 

100 89 100 100 64 

0 2 54 0 27 

31 49 89 31 55 

0 -9 0 0 -15 

0.2383~ 0.076 - 

0.104 0.111 

0.96 - 

0.461* 0.224* 

0.087 0.107 

- 0.75 

*Significant a t  a 95% Confidence Level 



MULTISPECTRAL PHOTOGRAPHIC EXPERlMENT 

TSrpe of Target: 

Camera Station: Cessna 180 Aircraft 

Distance from Target Array: 

Camera Used: 

Terrain Types at Lavic Lake 

3,000 feet vertically above 

K-17 aerial camera with focal length of 12 inches 

I ~~ 

Color Temperature Reading of Daylight Sky: 

- 
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10 units, or 5175% 

Sun Angle: Low Film: Panchromatic Filter: Wratten 61 - 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic Lake 

Film-Filter: Panchromatic, Wratten 61 

Sun Angle: Low 

Spe c t rophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Predict ion Function 

Terrain TMe 

Lake Bed S o i l  

Smooth Lava 

Rough Lava 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correla.tion 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 101 100 100 95 

8 29 18 45 29 40 

0 0 10 0 0 -6 

0.194* 0.081 

0.131 0.120 

0.98 - 

e i g n i f i c a n t  a t  a 9576 Confidence Level 

0.111 0.042 

0.113 0.115 

0.98 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic Lake 

Film-Filter: Panchromatic, Wratten 61 

Sun Amle: Low 

Spec t rophot ome t e r : 

Target : Terrain Types 

U . S .A. E. R . D . L . ( Port ab le  ) 

Predict ion Function 

Linear Logarithmic 

Terrain Type Predicted Actual Calculated Predicted Actual Calculated 

Lake Bed S o i l  100 100 106 100 100 90 

Alluvium S o i l  10 29 21 50 29 42 

Smooth Lava 57 75 65 aa 75 79 

Rough Lava 0 0 11 0 0 -7 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

0.222" 0.056 

0.105 0.095 

- 0.97 

0.142* 0.044 

0.088 0.092 

- 0.97 

*Significant at a 95% Confidence Level 



MULTISPECTRAL PHOTOGRAPHIC MPERIMEmT 

Type of Target: 

Camera Station: Cessna 180 Aircraft  

Distance from Target Array: 

Camera Used: 

Color Temperature Reading of Daylight SQ: 

Ter ra in  Types a t  Lavic Lake 

3,000 fee t  ver t ical ly  above 

K-17 a e r i a l  camera with focal length of 12 inches 

10 units, or 5175 % 

> t1.0 
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Film: Panchromatic F i l te r :  Wratten 90 Sun Angle: - Low 



P€EDICTED VS. ACTUAL TONE VALUE3 

T e s t  Area: Lavic Lake 

Film-Filter:  Panchromatic, Wratten 90 

Sun Angle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target : Terrain Types 

Linear 

Terrain Type Predicted Actual 

Lake Bed S o i l  100 100 

Smooth Lava 6 17 

Rough Lava 0 0 

Computed 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlat ion 

Predict ion Function 

Logarithmic 

Calculated Predicted Actual Calculated 

100 100 100 94 

11 39 17 31 

5 0 0 -9 

0.104 0.047 

0.132 0.126 

*Signif icant  a t  a 95% Confidence Level 

0.158* 0.065 

0.115 0.117 

- 0.97 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic Lake 

Film-Filter:  Panchromatic 

Sun Angle: Low 

Spectrophotometer: U.S.A. 

Wratten 90 

E.R.D.L. (Portable) . 
Target : Terrain Ty-pes 

Terrain Type 

Lake Bed S o i l  

Alluvium S o i l  

Smooth Lava 

Rough Lava 

C ompu t e d 
K-S Maximum 

K-S S t a t i s t i c  

Coefficient 
of  Correlat ion 

Predict ion Function 

L i  near Logarithmic 

Predicted Actual Calcula.ted Predicted Actual Calculated 

100 100 96 100 100 76 

11 17 12 52 17 35 

59 50 57 89 50 66 

0 0 1 0 0 -10 

0.035 0.023 

0.105 - 0.104 

- 0.99 

0.306* 0.1263~ 

0.088 0 099 

0.89 - 

*Signif icant  at a 95% Confidence Level 



MULTISPECTRAL " E c  MpHuMElQT 

Type of Target: 

Camera Station: Cessna 180 Aircraft 

Distance from! Target Array: 

Camera Used: 

Terrain Types at Lavic Lake 

3,000 feet vertically above 

K-17 aerial camera with focal length of 12 inches 

Color Temperature Reading of Daylight SQ: 

3 

10 units, or 5175% 

. .' .. 
. .. :: i ,. .- 

.~ 
Y -  . .  . ?, 
*e.,'. 

t&:< 

Film: Infrared Filter: Wratten 89B 

I 

Sun Angle: Law - 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic Lake 

Film-Filter:  Infrared,  Wratten 8 9 ~  

Sun Angle: Low 

Spectrophotometer: General E lec t r i c  (Laboratory) 

Target: Terrain Types 

Prediction Function 

Linear Logarithmic 

Terrain Ty-pe Predicted Actual Calculated Predicted Actual Calculated 

Lake Bed S o i l  100 100 101 100 100 101 

Smooth Lava 6 41 22 39 41 40 

Rough Lava 0 0 17 0 0 1 

C omput e d 
K-S Maximum 

K-S S t a t i s t i c  

Coeff ic ient  
of Corre1a.t i on 

0.330* 0.124" 

0.114 - 0.132 

- 0.93 

"Significant a t  a 95% Confidence Level 

0.015 0.006 

0.115 0.114 

1.00 - 



PREDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic La.ke 

Film-Filter: Infrared, Wratten 8 9 ~  

Sun Angle: Low 

Spectrophotometer: U.S.A. E.R.D.L. (Portable) 

Target : Terrain Types 

Terrain Type 

Lake Bed Soil 

Alluvium Soil 

Smooth Lava 

Rough Lava 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

Prediction Function 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

97 100 100 109 100 100 

27 48 41 45 9 41 

59 85 72 89 85 86 
0 0 -2 0 0 18 

0.345* - 0.082 

0.090 - 0.105 

- 0.93 

0.043 0.012 

0.088 0.090 

1.00 - 

*Significant a.t a 95% Confidence Level 



MULTISPECTRAL PHOTOGRAF'€€IC MPERIMENT 

Type of Target: 

Camera Station: Cessna 180 Aircraft  

Distance f'rom Target Array: 

Camera Used: 

Color Temperature Reading of Daylight SQ: 10 uni ts ,  o r  5175OK 

Terrain Types at  Lavic Lake 

3,000 f e e t  ver t ical ly  above 

K-17 a e r i a l  camera with focal. length of 12 inches 

A 
I \ 1 

300 400 500 600 700 800 900 10001 

1 WAVELENQTH ( m r )  

Fi l t e r :  Wratten 87C Sun Angle: Film: Infrared 



PREDICTED VS. ACTUAL TONF: VALUES 

Test Area: Lavic Lake 

Film-Filter:  Infrared,  Wratten 87C 

Sun Angle: Low 

Spectrophotometer: ( General E lec t r i c  Laboratory) 

Target : Terrain Types 

Prediction Function 

Terrain Type 

Lake Bed S o i l  

Smooth Lava 

Rough Lava 

Computed 
K-S MX&IUU 

K-S S t a t i s t i c  

Coeff ic ient  
of Correlation 

Linear Logarithmic 

Predicted Actual Calculated Predicted Actual Calculated 

100 100 99 100 100 85 

6 -18 -5 39 -18 19 

0 0 -12 0 0 -23 

0.226* 0.103 - 

0.126 - 0.132 

0.98 - 

0.  &lo* O.l79* 

0.115 0.120 

0.86 

*Signif icant  a t  a 95% Confidence Level 



I *  

PNDICTED VS. ACTUAL TONE VALUES 

Test Area: Lavic Lake 

Film-Filter: Infrared, Wra.tten 87c 

Sun Angle: Low 

Spectrophotometer : 

Target : Terrain Types 

U . S . A E. R D L . ( Port ab1 e ) 

Prediction Function 

Linear Logarithmic 

Terrain Type Predicted Actual Calculated Predicted Actual Calculated 

Lake Bed Soil 100 100 81 100 100 54 

Alluvium Soil 9 - 18 -10 48 -18 1 5  

Smooth Lava 61 12 42 89 12 46 

Rough Lava 0 0 19 0 0 -21 

Computed 
K-S Maximum 

K-S Statistic 

Coefficient 
of Correlation 

0.447* 0.125~ 

0.104 0.110 

0.89 - 

0.603* 0 ' 339* 

- 0.088 0.117 

0.65 - 

*Significant at a. 95% Confidence Level 

A 


