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sibly b e  made. Future  problems in 
decision-making cannot be anticipated, be- 
cause such a state can never be reached. 
There exists a trade-off point, at which it be- 
comes advantageous to store resource infor- 
mation to offset an increased data-gathering 
effort necessary for each individual decision. 
This point (although precisely determined) 
may, with increasing related technology, be 
more extensively interpreted in models 
which can be made available to the resource 
manager. 

Present computer technology has prompt- 
ed the development of data banks in which 
information on the resource componenis will 
be stored and retrieved according to its spa- 
tial association. To this end, one should dis- 
tinguish two different categories in this ef- 
fort: the interpretation phase, and the phase 
in which the interpreted components are re- 
lated to their original spatial position in the 
resource base. The latter ~ h a s e  call be consid- 
ered mapping in the more conventional 
sense,  though i t  includes the  potential 
methods to determine the size and shape of 
components, such as trees. 

Information obtained through automati- - 
tally interpreting digitized aerial photo- 
graphs cannot be used unless it can be related 
to the position of the corresponding resource 
unit. A mapping system is needed to relate all 
information obtained from aerial photo- 
graphs to a common three-dimensional refer- 
ence system. 

E C A U ~ E  OF the enormous amount of infor- 
Bmat ion  handled by an automated interpre- 
tation system, the mapping system must be 
automatic. An automatic digital mapping sys- 
tem is preferable because, in such a system, 
the scan data used in interpretation can be 
used to develop a three-dimensional model, 
and any point on the related aerial photo- 
graphs can be referenced to this model. 

This would be the primary reason for the 
development of an automated mapping sys- 
tem, but there are other reasons. Accurate 
terrain models may provide information such 
as elevation, aspect, and slope for the in- 
terpretation process. And a precise represen- 
tation of the ground surface is the finest re- 
quirement for the automated extraction of 
timber stand profiles. 

Black-and-white photographs simultane- 
ously obtained in more than one spectral 
band can be efficiently acquired and inter- 
preted. The success of this technique de- 
pends on the selection of the wavelength 
bands that will be optimum for discriminat- 

ine terrain features and conditions ofinterest, 
and the employment of aids to photointerpre- 
tation such as additive color image enhance- 
ment. 

Black-and-white multiband photos can be 
color combined to form nearly any color 
image desired. The interpreter can be confi- 
dent that any color composite selected for 
study can be reliably reproduced using the 
same multiband photo inputs. Herein lies the 
real advantage to using the multiband tech- 
nique as compared to any other photographic 
method-the system incorporates flexibility 
in terms of results obtainable and reliability 
in terms of replicating results. 

The tone with which an object is registered 
on photographic film depends on the amount 
of linht that the obiect reflects within the 
spectral zone employed. As the multispec- 
tral tone signature of a forest type often indi- 
cates the identity or composition of that type, 
these signatures assume considerable impor- 
tance for the interpretation of natural re- 
source features on multiband photography. 
Reliable spectral responses of the terrain fea- 
tures to be identified can be obtained and 
these data can be used to determine optimum 
film-filter combinations for multiband 
photography, define object spectral reflec- 
tance characteristics, and predict tone signa- 
tures. 

In many instances, particularly if forest re- 
sources are being analyzed, color infrared 
film contains more information than stan- 
dard color film-due to the vast amount of 
information available in the near-infrared 
band of the spectrum. Useful information re- 
lating to the different reflectance characteris- 
tics of terrain features can often be obtained 
by sensing in more than one specific region of 
the spectrum; however, neither conventional 
color nor color-infrared film is always sensi- 
tive to those particular wavelengths where 
the maximum amount of information might 
be found. Among the methods being ex- 
ploited forthe purpose ofalleviating this prob- 
lem is additive-color image enhancement, a 
highly flexible technique employing color 
presentations ofcarefully selected multiband 
photographs. 

o M A K E  additive color image enhance- 
T m e n t s ,  black-and-white multiband photos 
of an area are simultaneously obtained in 
each of several spectral bands. By means of a 
multiple projector system, the multiband 
photos are optically combined in common 
register onto a translucent or reflecting 
screen using a positive transparency of each 
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of these photos. Inserting a different colored 
filter into the optical path of each projected 
image, a single false-color composite image is 
created. Interpretation can be made on a 
single color composite from which any set of 
bands within the visible and near-infrared 
portions of the spectrum can be selected. 
Color presentation can be altered by chang- 
ing projector filters to enhance particular re- 
lationships and in this way several hundred 
shades of gray, which is differentiatiable by 
the human eye on black-and-white mul- 
tiband photos, can be expanded to several 
million detectable colors, differing in hue, 
brightness or saturation. Ifcolor film can pro- 
vide enough information to fulfill user re- 
quirements, then certainly one should not 
bother with black-and-white multiband 
photography. This is not always true, de- 
pending on the information desired, in- 
termetation results can often be ~rea t lv  im- " ,  
proved using reconstituted multiband 
photography instead of a standard film. 

The maximum number ofbands that can be 
employed in black-and-white multiband 
photography is limited only by the physical 
construction ofa suitable camera system. Op- 
timum focus for each bandpass is achieved by 
matching the lens with the wavelengths of 
light for which they are to be used. 

Black-and-white multiband photos can be 
combined into a single color composite with 
additional flexibility afforded if images are 
combined because color saturation levels can 
be altered for a particular bandpass. 

Certain environmental variables such as 
solar illumination, atmospheric scattering 
and radiation absorption patterns, which in- 
fluence image tone, are not readily measura- 
ble and are difficult to standardize. 

To facilitate registration of enhanced mul- 
tiband photos, all images sho~ild have identi- 
cal spatial positioning with respect to their 
principal points and each lens should be 
matched for the band width for which it is 
being used. 

Tone and texture can be numerically re- 
corded by photographic density, this possi- 
bility presents a prospective technical basis 
for an instrumental interpretation of the aer- 
ial photograph. 

HOTOGRAPHIC TONE on a black-white or color 
P a e r i a l  photograph is the brightness of a 
lighted and developed area of a photographic 
layer. The density value is expressed as the 
percentage of light that is absorbed by the 
affected area on the prints. 

Photographic tone depends on characteris- 
tics of the object, such as original remission 

value, structure and form as well as on the 
distribution of light on the photographic 
plane. Atmospheric conditions at the mo- 
ment of photography, film-filter combination 
and time of photography, cause an increase in 
the scattering of gray tone value or the color 
density of an object. It must be pointed out 
here that photographic tone on color aerial 
photos with its three conlponents ofcolorden- 
sity offers a better possibility than the gray 
density on black-white aerial photographs fdr 
the identification of image forms. 

Photographic texture can be regarded a5 an 
extension of photographic tone, which not 
only takes mean photographic tone of an ob- 
ject complex into consideration, but also its 
variations within this unit. In small-scale aer- 
ial photos, form and especially details of 
single objects cannot be reproduced due to 
falling below the resolution boundary, tex- 
ture has significance in identification of the 
objects. Form, size, spatial distribution and 
density of these components and their con- 
trast to one another determine the appear- 
ance of texture on the aerial photo. Photo- 
graphic texture, being influenced by the sur- 
face structure and the remission value of an 
object complex, is influenced by film-filter 
combination, photo scale, illumination, time 
of photography, atmospheric conditions and 
the ability to convey the contrast of the 
photographic system, which have nothing to 
do with the original character of the object as 
was the case with photographic tone. It is 
difFicult to set up a comprehensive clear-cut 
scale for texture yimilar to that of photo- 
graphic tone. The instrumental recording of 
photographic texture will accordingly be 
more difficult, but not impracticable. Varia- 
tions in the smallest area of photographic 
tone, i.e., texture, permits scanning by a 
measuring instrument along a line. The basis 
for automation are measurements recorded 
numerically with its statistic size, as the 
arithmetic mean, i.e., the average spatial fre- 
quency and the mean amplitude of the gray 
density variation. Photographic texture offers 
a possibility for the identification of image 
forms over photographic tone in that change 
in photographic tone in the smallest area is 
opened into two additional dimensions: one 
in a spatial field, i.e., frequency, and one in 
the tone field, i.e., amplitude (contrast). 

Quantitative evaluation of the aerial photo, 
by means of the measurement of photo- 
graphic density for identification of land use 
classes, offers a possibility for the automation 
of interpretation. 

Automatic photo interpretation, which has 
an analytical description of the forest as the 



lpre%&d tag~thei~w&hrtlrre$ pdrmnet&rd,7the 
'pess~ibiiity, ax i s t s~~b%~ amibirrihg ltha t k k e  
pardrn6ters-mebn dexisifg, mean dpfl i t i rde  
dhdii hied*{ r(f$~qt!~dtty,y (df rni~r'0rm)ettri~ 
dmsbgta&s~fo$ the rida&tifidation 'of ifomst 

'srrmd tybesJbri b+ach-hhite ~aaria1,photers.i $0 
,th2trkhe beia~po~sib4ktdiB6ter?ti%ion dfiilrhe 
&jeet.t"s',iigh+j& a&$&v&j ' J  i i  "(",, I : ~ r r ~ l ~ r , k  

,> ; I  \ < I  c ~ ~ ~ i j t ,  I I + I , r f f ~  - )  : ( >  l r , v ~ > r <  I c '  < j i i r j  

" i i ~  , ! 8 , 1 < l , r s / ! f >  I ,  [$ ( J ,  , ./ .I[ t t z  C t  > [ ( I ( !  
- rr , j 0 , r c  , $ ( I  r , , 1 I t  a , i j , f t  j l>  
S U M ? ~ [ A R Y , ~ J ~  + . x 1  > f >  f 7 , 1 t ~ ~ I ~ ~ ,  ,)<[,, >i i,r,r4 

ri'EFort~ieo"~devecbp ~&torna ted tm~t ) lod~) f i~r  
mfppihgFwest ra$bu~esake~being mdde ii.n 
wliichithe~in~rpsetatinsi+Ijh~se.am~~~hk ma$- 
lgii-rg phdserban.bc redogaiized).iAesial 'phnto- 
'paphsi~drei cscari'ned .~-2nd)~d&tieedf anH1 \the 
'd$lgizimB'data are iiuised ~td.ire&ly iim~+hq ia- 
c%crp"ret%tio'n. A highrsuucrese~ rxtd lw~lb&e 

I r i r  , '  . m , ( I , )~c l r r rc l ,  i: ) ' 0 r 1 1 ~  

. ? j ' ' '  1 '  ' \ " j i  G 3  1 1  7 ' J '  t )  -'f f 1 ' , ! 
, I  $1 L > r ~ o t  + , ? < ) I ~ , ,  11;rw ? , - , I  L i f f !  C I , F J  

.I { f , ,  z 1 , 7 , t 1r1 > r , r f r ~ l  8 fa,, s t  ' ! , I  > - k k c l \  

, r r l !  I {  I I 

r l r t f a i l  > I ! )  l , , J b  I 1 r:; 

- r 3 f z , i ( , a i  > d r f ,  0: I of ! * i  

, , r  !/ >!,:v , :  j ,  , r  11 :  4 < \ r  . , I , :  + t i ,  , t > , I ,  , r , ,  , 

( >  , r >  < >  > ,t6 3 I * l l j ~  1 0 ~ ~ 1  ,, 4yID V. SuITH::52, ~ ; o f " + s ~ r  ofrPgrest 13;- 
Dgi ,oek~eS~Sc ,h .p~~~ Forest4y, Step$C',b 
4 u s t i ~ +  8 , t a t e ; , ~ $ j ~ e r s i ~ ~ y , ,  ,ppcpgdoqheh, 
(Tgxas,, pnd authqk, ,++lfhtt forpgoing ,aqicl$, 
'died i ; ~ e l i p e ~ t q d y  qa. July S2+1974, I, , ( , , 

Sdith, , g pative. *f, ~ ~ a ~ i , a ~ ~ d e , ~ , e i j e $  $f; 
,%chelpq,wf S ~ i e n e e j n  ~ o ~ s t r y  ~ ~ , l 9 4 j ~ f & ~  
thy $Jp,ivarsitu, pf ,Ce~,rgi+,hi,:,,#~s$ey pf 
P ~ r ~ ~ s t r ~ ~ i n  195f),'from ~ ~ k ~ : $ , a / ~ ~ s s , i t ~  aid 
6is &,#,,(in, ~ h ~ \ ~ ~ r ~ m m ~ t ~ y ~ , ~ i * $ 9 6 ~ , k ~ ~ ~  
the St& University $New York, of 
~F6i~'dti' '3 Sy~achsd!Be hidl'b 'en'>&t'~tt$~en P ! ' ~ ( I S X Y ,  'Stite Vh,iversit+'f& )i+ri+,"aftbr 
'h"dbih# tdugh? fd? 18' yeat; QC' €Pi?' ~i$kirifh 
~%l*eehnic In'htitute and'State University. 
He was a registered foresterii;Geor$a and a 
re$ibteibd lat-id <brt.eyt!i- iw19outH Catblina. 

'Aaive in the S@ciety 06Arndri~mdricantfr~cte;rs 

r > [ I  1 \ Cl, \ ,  I f . , ,  , > ( (  c t  > , * I d < ,  ! , ? J , s 4 ,  1 

alld, thp,~An%ericpl), ~ a q i q t y  +~f,~khot+vaw; 
~ $ t r ~ , ) r S ~ i t k t  h + ~ i  ~eryedr 4 ~ t e e l  $wd>!api 
pointed positions in both societiqs., A t , h  
tylle ,of hl+deatJn$e WRJ aqgankipgchairrnan 
$,the (qew &riq~lty*,mdt&Jqp, , $ ~ i e n w  
Galarnjttee. of, thpHpm~{e Sen$iag,;fnd , Iw 
t e r ~ r a t a t j ~ n ,  Rivis iant~f  tApSRrapd,litst !ywr 
was chairman of the Agricultu~a~+rad E;orastsy 
Committee within the Division. He was in- 
volved in two fedgral research contracts at 
fhk%ffiie'%f r~isjdkkth;: ~t!h&'fi.bfl'll the 6hliS'b& X ~ljact? '~&hkk'ih l ~ h d + ~ s ' k " f i ~ p @ i ~ g ~ f  CYIM high 
al&tt&wfihbt&hpA~ &!~bhv$ibn\ !He: @."S! 
'FFrest 'Ses:fk!e lrlil~ ~tr&d4&tid Wktpjpidg 'fi~i'n 
E R T S ~  add ~ R ~ l a b j ~ d ~ ~ a g & r $ .  I , Jr '  ' * I  

He is survived by hh wf%:rt~6!ddudht&ks 
a ~ b  tw6 dra~dchildfi6%~.~+~~f 2 r  ' * I '  r 

c r r , , $ 3  , , i i J  I 


