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-INTRODUCT 1 ON

.The puirpose of aerial photography Is to bring Into the laboratory for
study «nd evaluation the most revealing and Informative coverage of specific
focations on the earth's surface upon which nature or man has placed some-

-- thing of Interest to the analyst. Just how revealing and informative the
coverage may be, and how satisfactory the study and evaluation, depend on
the capability of the series of media which comprise the photographic process
i 40 transmit the appearance of the object on the ground to the brain of the
- -*.jaboratory analyst. The series of transmitting services consist of light
-- or radiant energy, the optlical properties of the atmosphere, the optical
system of the camera, the emulsion, and the reproductive quality of the
" photographic flim, as well as the reproducing processing, the optical
Instruments used In laboratory study, and the capability of the human eye
.. Yo recognize details of the object's Image on the resulting photography.
** . Each of the transmitting services has discrete characteristics. Each, In -
" turm, degrades the Image, detracting from its visuai clarity, modifying its
" " ~tone, masking 1ts composition, or otherwise making the image it-transmits ~~ -
... something less true and less intelligible than the image It received. The -
--- - Job of the photo analyst Is to read as completely as possible the nature
. and significance of the object. His abildty to do so is largely a measure
" "of his training and experience In his trade. The capability with which he
. explains to hls audience what he percelves and also the reasons for |imitation
""" 'of his perception depend In no small fraction on the analyst's understandling -
- of the baslic physical phenomena that determine the nature of the photo Iimage. .
. Only by Judiciously evaluating tone variations on the photography does the . ...° -
'~ .onalyst detect an image In the first place. Only by expertly employing -
effective laboratory equipment can he distinguich as fully as possible the
complex of these tone variations, and only by his abliity to distingulsh the
causes and values of these varlations does he create the mental image and the
~_ object -description. ‘ ‘ ' .

-

* - -

. Photographicaily the object of Interest Is an Inert and passive thing.
in order to be identifiable It must exhiblt material aspects such as size,

. shape, scalar values, and composition. An object .is recognized because it - 777
"™ has a different tone or brightness from its surroundings and because of the . -
=" variations of brightness and contrast over Its surface. |t may be associated

™. with other objects.related to Its function; Its, surroundings.may ‘be relevant;
and the light on it may or may not be advantageous to Its Identification. - oy
‘Whatever the Inheren*+ characteristics of the object and Its locale, the .. ...._ . __
important aspect of the photography Is the quallity of the Image which light,
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fallling upon the object, carries skyward by means of indlvidual reflected
light- rays. These In turn are transported through the atmosphere 1o the
aerlal camera, which Is sdhe distance overhead, |f a desirablie amount of
light Is reflected from the object through a clear atmosphere, it can be
expected that a high quality Image will reach the camera. The camera lens
and body may adversely affect the image falling upon the film, which Is able
to capture the image only within the limits of its composition and purpose.
In the process of laboratory reproduction to positive photography, certaln
features of the Image may be ldeally reproduced at the expense of other
rtlons of the total image. -In the human eye the visual process may be

“"“Insufficient for detecting all the details carried thus far on the image.

The firal product fassnds ca the 2rz2lyst's 2011i%y To comrunisste what ke
s wme - 2. * a
T is 328 surpcse of ¥his regorv 70 censider, In *ac parts, +he '

- photczrashic process, frcm the cbject on the earth's surface to its cescrip-
si Sp J P

.. tion In the analyst's report, with the intention of Identifying the physical

" and optical properties of each transmitting service and ths functions cf

each which 1imit the firal quality of the Image and its identification and

-evaluation. Consideration will be restricted to black-and-white, or
_monochromatic, duplicate positive transparency, which Is the common media

subject to direct’laboratory study ard analysis. .

- .-‘v-.' . -

]
.

. [
.
-

. :
S e e e e AR L A e R 30 Sase e s e S e o .
. e} ’:. LGN R ARE S S5 .-O;'-‘.»‘:.-qm W, Mt e W Mty YIS et s ames

1y

> . . ‘. c.




' S S

- SECTION |
_— PRACTICAL PROBLEMS o~ T, A,

e D, - . . - R . . « ' o

IMAGERY INTERPRETATION ' B '. P
There Is an endless variefy of examples to which one can turn to
i1lustrate the business of reading, analyzing, presenting and communicating . .
" the substance that photographic imagery has to offer in support of man's .. -- - --
world-wide endeavor to know what is there, what is happening, and what may
"be the next situation to be considered in any locality. . The task Involved
Is simply 2bility to assess the sife and prepare whatever communication is
expected of the analyst. Difficulties-arise when coverage is poor or-of - - -
small scale, for that is when almost anything becomes a small object.- In--:==—~—-
other words, the mere term "small, object" Is a comparafi\e concept,.and. =7 T..—
. the practical problems lnvclved depend on whaf is expected in the way of .-

’ analys!s and reporfage. e

~ The Imagery of small objects, in the total concept In which the term
- _was.orliginally expected to be handled in this project, can ‘be separated Ints
“five classes, each of which requires a background knowledge different from
that needed for the others. -First, there are those which are really small .1 ==
T .on. the coverage, -which are near fhe limits of human vision. : There.are fhose“‘ =
__whose finest detai! is beyond the range of human vision but is detectible ... ——~
...._In brightness differences that can be mechanjcally or electronically - S nETTL
;__-dlsflngulshed. There-are-those -which -are--farge-enough to-see-but which are— - --
. tco weak in con’rasts for visibility of pertinent detalis. There are images - -
.with highly reflective surfaces which are lightstruck and therefore distorted:
And iastly, there are the endless variations of camera angle, sun or {ighting
angle, and target orientation, providing an image for which the analyst must
Imaginatively fill in the invisible detail and *reconcile its concept, some- ,
..times in order to prove or disprove one or another-of aiternate choices in-- - -
ldenfufy. Each of these classes of image variations wiil be discussed in - -
- . turn fo elaborate background essential factors, and possible points of T
deparfure in acquiring solutions, or, lacking them, a limited but reasonable -
. understanding of the insoiution. Alfogefher they require a thorough  under-—- -+
_ - standing of the mechanjcal aspects of vision and optics, of photography and- —- .
fllm. of imagery and analysus, and of geometrics and complexity of-photography- -

G R

. Thus far we have folicwed the analyst in deriving the informa?lon from
the lmagery, In the acquisition of knowledge. At this ponnf his job is only .
half done. His communication of that knowledge 10 ofhers is still ahead.



)

. {)

The e¥ffectiveness with which the commun¥cation task as a whole is visualized
ofterd determines whether the new knowledge catches on. In common practice
comnunication Is a team effort, and the analyst may find that, for several
reasons, his work as an analyst is communicated by others who have made the

. effort to develop communication as a skill. There is no objection to this
type of teamwcrk, except that no one else can transmit the analyst's ideas
as well as he might with a little more awareness and effort. Teamwork wlth
graphic and mensuration speclalists is often desirable. The real problem
here is one of kncwing the tools of communication, reasoned analysis,
succinctly stated ideas, an apt vocabulary, and.a perspective of the.greater - -
concept Into which his contribution is to fit. The opportunity to Improve
in the role of communicator Is a repl live Issue for the Imagery analysf.

Exploitation of each of these limitations In analysls and communocaf!ons

. must concern both practical and theoretical approachez. We will first-address

ourseives to the practical problems. These zre briefiy summarized in the -

first section of this report, and the broader background presented in the

subsequent section. The individual who Is interested only in the reasons

for the difficulties need not go beyond the first section. For those who

ere Interested in fully understanding pmotoanalysis It is suggested that the

latter section will be the more interesting and informative. )
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Small Objgc?s Near the Limits of Imagery

¥ : '

The human eye is very sensitive to light. [+ has been said that the
mechanical energy produced by a pea falling from the height of an Inch would,
If transformed into luminous energy, be sufficient to give a faint Impression
of light. Elther too littie or too much light can destroy an Image_falling .
upon the eye. It Is only within certain visual limits, and within the vislble
- wavelengths of 1lght, that an Image Is satisfactorily registered in the retina -
,0f the eye and that real seeing occurs. But there are severa) other involvements
ln reading phofography. - . o ) ' o

L]
3 “e 4t e SR PR -, e m -

-- - -.-- There is a limitation of object size, or visual acuity.. Standard visual.-~- -
aculty s defined.as the ability to see an object which subtends -only one — - —- .
minute of arc.at_.the eye, such objects being white on biack, or black on white. ..
"background.. As.this has been..appllied to. phofography-to.:epcesent.lts_:esolvlng )
power, It has come “to imply that the ground resoiution figure would be a™z-.". A
criterion of what can or cannot be seen on a photograph. But this_is.not. oo

-. —the-case. Imagery-on photography- deviates-from-this-standard -ia-two distinct-. - -
directlions. First, very few images on photography come from sharply black= __ ___

" and-white confrasted objects as{ " . \resolution-targets are. Theoretically,

-. ~8s such contrast is decreased the uni% image loses definition,—-making I+ less.
clear and requiring that the size of. the object. be--increased_in_order that __ - ... ..
.1t be visible. Secondly, the camera often registers Images of objects that

. &re nowhere near as large as the ground resolution figure indicates they must
. 'be 'In ordei to be definable unit images. "for. example, lI.bas_hegn_posslbjsu____

over a period of years, to distinguish on some \_ “whether or not
there are rails on rallroad *rack beds. --1t-is often found possible to see - --
— -perimeter -fence rows¢ " T U7 T f and median sirips on hlghways, ;and-: s

“these dimensions\, e e
have no comparison to 2 “minute of arc at’ The eye. In imagery analysis vlsual ‘
- -detection reaches beyond the mechanically veriflabie.-- in-order—to understand—- -
_ this we need to know how an Image becomes vls!ble in the first place, and T——...:.
how we actually see it. 3
" "~ The photographlic system is made up of two -imagery.transmitting- componen?s--»f
-'the iens or camera system and the film. {1t-is evident that-for -whatever image
Is to be captured by the film the representative 1ight rays must first pass- |
through the lens and then affect the film, In each case with sufficient clarity
to register distinguishable differences in contrast and resolution. if an
inferior lens is used the imagery will be poor iregardless of the quallty of
the film, and vice versa. |f both are of high quality we get-high quality
imagery, and under certain circumstances we get- imagery that-far surpasses-
the expected ground resoiution. Here we should say not only_why, but also. _
why not. - Why not get such tmagery as an expectable thing?. |If we can see




L -
tolephone poles on the deserf, cables at a power facility, and the shadows

of fence posts | =7 7 none of these a foot In diameter, why

do we not see them everywhere’

A second Important question needing clarification here is the manner
in which we ses an image, which In essence means how the mind handles the',
image transmitted through the eye. Regardiess of the appearance of slmilarlfy,
the eye-mind system is only partly analogous to the lens-film system. The '
tatter is purely objective. It registers whatever comes through to the fiim,
the clear line and the blurred, making no rejection and no analysis. Not
so with the eye-mind system. The mind tries to make sense of whatever It-
attempts to see, often rejecting and requlring a second look, and possibly
misinterpreting the signal. Furthermore, in Imagery analysis the mind is .
not dealing with a primary image, but rather the image of an Image, for which
it has to fill in the gaps and supply reason in order to substantiate or

ldentity an object.

With smail objects the problem is one of seeing and identifylng rather
than measuring. The sizes of objects on a single photography are not
" necessarlly comparable. ‘We may take ‘as“an example a view of wire lines™  ~~~~
beside roads in a desert area (Figure |). The roads are for tracked vehicles,
the poles fhe slmple ver?ucal implanted pole with cross arms and Insulators.
T 11t cannot be expected that elther can’ =7
be used as a confrol for dertvlng the width of the other. The width of the
wider line, the road, if It is clearly imaged, may be fairly well derived
from the photographic scaie, but not the narrower line, the pole, because
it Is beyond the limit of resolution. |f subjective evaluation is requ!red

. reasoned dimenslon for such an object must suifice.

-
D e iem camae S e Gt ——

*
. e an e @ cwwme .o - .. .
-

e EEOam ame et S et W T - — w et 4 te memfes medm o e e rmE— Wee  wee :-:’. o
. - . / N
* (
. L . . N s
. R .

- W P I R e —

s Bl LS W cW . Wems e s S W SEBENE .GsmEvs b A e - " . - - - e mie

- -— .

- OV S S T D T

PO
.. . -
. e .
- .
. .
+o
. ¥ .

. . . ’

— . - - - -




]

etk Sl $Add kedd

(u c L, L A ’ '. . . . '.} )
--”.,.;-- - - EIGI.'RE P _...'“.."' Ce e e A e
_ Phofqg'aph: . )
Roads and wireline poles and shadows. . =~
. - .. . . PRI - ) -
. . L L R | .

- o ..
. . -t
.
. -
.- e e

F 4 . .
. .
o, . ..
e
————
.-
.-
. el e
.
cees e -
— ree -
-
.
2
.
.
P RN



' - HE L BN 2 - ty] b1 -l . - CE B
o e L it
. ' |m : .tu d - - -4 § . -g t..\r.h - _ B H P i _ mo“ _ H ...
RN KT ha hu R R THAHH T sk} b SSinRERa R
ﬁ.'— . ._0 .L - - -f= [ . T . Ao -84 { ”.,...“ . —_ A . [SRPR
ﬂ.uﬂ m_ '..'.l. .;“l THJ—IITM.. . . . 1. r - .—'T v_ L ﬁ." Ml . “ _ v - “ m P
. i ] } JLinane J-rpta v I : 1.8 it
mll.- ”.*' ]W\:!-. - R - .ﬁl-L .y .ﬁ.ll_v -t ywvc' .Im.-_vi . mbl '“ -1 -1. - -w- |cm -JM
Ldbb 50 bR 41 2 -y} Aedebd=l-t |- - (I T O 0 I Y | e Al g ¥ g
ﬁ .._.:.._... ~E ST y S Lﬁ FEEER R T R il e i
[ 4t
.Wl_.“m““ﬁ b o § l» - g B |M. betel o o S . o -do fo —.I . " - L. g obie a MSM’
.h'r&. wdap qegee = ILI -y - - - e o] b ofe [~ '* - e | -le .-l - o 0 .'n. .
: e ] T e ZIrET
LT R 1 g P L e e § e
] -y - N i
-] | IL.T 1 A - +4- AL + ,, T
ll—..-.. -_.rb«_ L N _ . G feao g-de L+ 4.1 ’l " T . - 1m LL,.MO.I.
b de b TR i Y o e R i el B
TR A mapa Ry + 8
l. - - 1. l'- .ul I.L - . - - = ... <-4~ = M\ b pongs - g § adenn -} ]
+ 1 .
CEf: %_.j,-L.nu. RN Al T T T g I3
P B B T e B e nit ol e s
Rany FARRN AR R am Hns L HEL T R S N s o
k.w.ﬂ- SRS E - 1. O 0 A O 0 0 O S - . _-”h AR N
L. -fr b ! -1k lt - S O S S Y g -1 T4t - - Sr-1-f-f= © -4 4-
Wb—”l‘ - g lm »-l1 lwl - . -y B o p—t- § - ot Y Y . ‘lv lln..” u .
..* ]— Jdad ]l er = . Y R 6 O Y € [ N 59 T - - “-l—l 1= > H*F
rln - 1-}-+ mH - s L] -4~ . =i P >
”.‘i—oﬂt* !*I:I - l. - L - 617 - - . .\ﬂ\ o.l.lﬁll tm ..HT
tad NENEPATRY - ] REN |- 4 . 1~ - [0 DF IR - S S
.an...lw”‘. IW!.“AD%! 4 -1 - LY 2% T o ol - e .J.IA %l -+ g bt 1-.] — & 'ﬁﬂlflﬁ?
M‘. - ,T.O b o B -.—- P . 1 T .o} o Y . S B el B - Jol JI#- -~ O - fde
.,w * .l”l - 014 11 4 -1k | - = o < -4 § - A!.._\ S b ”
: .lEv. -u ; f= . = p- - o - -t 4 o=~ - & = N.l -ﬂ“
IS ARES H RRAN ] MLl =& .
.mivlmPA_ .H.lll.n 4 IFA rc.l. -y .ﬁ.u 1cﬁ. - [y 4~ IT. » > 4 |M . OL._I.».I.
.'mrl.mlx. +11 1+t - T..i N c.l—+| R Uy - S S P BN N t pus - . .‘VP. nlw“ N g —ed
- N -. By Y By N e o ;L . o d - - o - ._ -t ned LT s e ge b odwada -f ', - @ - ].r
Tt Lfri..nru. T AN NN u# nn T Te T Wh_..\ - g - W Ty
b § - —e Ip1l . ke | = . -p o 24 T PR RN X o -4 lt.ﬁl - NV. kY ¥ e rl".i . - -- - #o
s - . 1 L1434 . L ] - ol .ﬁl - ol o -—D » AR 2 IR Y A 5N O o T - H w .
{-F - 4. - ] - Ll b feb N -4 40 b J b= HER U
A TATH : 4R + - TR
Vop-} 1= - R ._. y i 1 | .w ﬁ LTj
- - e S Sy = N e o I - e § mdan d . | — . o ' - T— + 4'
P T e P L R R T LT T
bl [N h g L4l S 1. 4 . P O T B I T I = . ] N SR SR A
“.TT. JERF T - +€ -1 S EA LA : ) _I.Z ,Tﬁ Lt
v A R R P L P AR e T
W RA RN i ™ TS N W
3 g 1 AR p O e SN R
> .h F ).P r..ﬁ.. -t -4 1 - -4 - dl. - .- 1 — e} l_—X_ .
IR :-_'_.%ﬁ. RO RN EREEN {--F- T3~ SR Y N N . - T._. Aadeb 4 IS PR N I (R N DR O

L I I YYaSt Lol BN Talaalal

——— gy <

sonne

RIAN AOD




. Coe .
. .
3 ,
. .
’ L L
(- .
L N A L]
e
. . »
.
' d . L] v.v
' L]
. .
. .
.
. .
. . . .
L] . .
.
C e
. . . -
-
[N
4 LI
. .
d.. '
. [
RN . |
. .
. . *
.
. .

.-
:

i
ey
+ O
H
8
[ ]
.
£

b g
- §
3
5
L

]
. »
t'
4 0
[ ]
. .
. .
. 0
.
.
. . O
.
. c .
. .o- M
.
. v .
'] ' et
.“ .
.
. .
. )
o -
)
‘ .

- -
.

" e o ewe pr s o,

- -

Ul e ——
-

Ay

- - -

-

cor pe

- o eg—— v e ¢

-




o~
.

Fine Detail! Beyond the Range of Human Vision

- A critical phase of photoanalysls comes where we Yook for things
beyond the Iimits of human vision, as in cases where fhe phofoanalysf
seeks to dlsflnguosh detail he irnows Is there. § .

cwy @y .,..' 11"""')"\1' r-"—'uu:g}m 28041 r-'u +

u.-—.ua-c 2 fo,

: “,I_ F.J.':~f—5w&u;dfu‘m&;‘muiw(‘.;m _,w ‘_i TO fh's Oﬂd Thel"e
- ls asslsfance possnble from mechanical and elecfronlc analysis.

‘ . B ...Z.’.'-! S e

.. Microdensity traces (Figure 2) are derlved by mechanical curvilinear
“‘mensuration, and edge gradient analysis is performed wherein, in tracing _ .._..
density variations, attempt is made to distinguish most precigeiy the con-
figuration of an object and location of the edge or contact between the

-~ .~-object jmage_and its surround. Continued research by photogrammetrists .-
with better imagery and better c¢ontrols 1s expected-to—produce Fhe. method=._.. . ..-
-ology necessary for satisfactory defermlnaf!on of- dlfferences fhaf human
vision cannot resolve. s TT T -

. g
. - s et m mom sem 4 o e ..
- .

Isodensity 1races are offered as photogrammetric support to photo
~--analysis for the purpose of dlsfinguish!ng dtfferences in density too weak
for detection by the human eye( - . :to be apparent. They
are electronically derived plots of dlfferences in dens!ty and represent
. brightness differences of the Imagery (Figure 3). The patterns they form,
. generally highly magnified, commonly show the invisible details of the film
--...Breas_under Investigation. Only the tralned Isodensity analyst can interpret
8 trace, which may be said to have the characteristics of a topographic map, ... .
with like densities instead of like elevations being represented by the
patterns derived from electronic scanning of photographic. area. Becduse
thelr differences vary with actual contrasts in the photography they have
a coincident relationship to the Imagery which the photoanalyst seeks to
interpret. The two analysts work as a team, each seeking to derive Informa-
t+ion not available to the other, each depending on the other to recognize in =
his own medium its peculfar variations, and each offering for consideration
points which may add up to significant conclusions. The isodensity study -is
not a substitute or a verification of the photoanalyst's subjective inter-
pretation, but rather serves as an independent ana!ys!s of objective variations
beyond ‘the visual realm of the photoanalyst. Ry
isodensity analysis, as 3 supporf funcfton, Is not requested for the
majority of photoanalysis problems. It Is specifically desirable in the
. detection of minutiae which are beyond the limits of resolution of the - L
Imagery of slight differences In scale or detail -that make possible the more .
accurate descriptions vital to distinguishing critical features or capabilities

beyond visual recognition. As one result of this role the isodensity a@
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is most often called upon to aid in analysis of poor Imagery. . He rarely sees
the best coverage because there the photoanalyst has become accustomed to
. depending on his own ‘visual acuity to reveal all the necessary imagery
. detalls. Oftentimes he Is unaware that in the Imagery there is still 2 .
: certaln reserve that Is visually indetectable but nevertheless there in R
Intinitesimal changes- in character pattern of film.. |t has probably been
_ too little understood that isodensity support In the study of good coverage
- - could probably add to many requirements where derivafion of small defanl -
- might provide useful informafion.um:... T . LT

P . -... ~-g.-..
. ."..' Lo emen - = e— RO . . ..

Ano&her use of denslfy analysis In preference fo hngh magnification '__.
- .lmagery studies- is related to grain noise in the Imagery. In high optical ...
.- magnification the grain-noise Is magnifled along wifh Imagery detail, ,
.- finally destroying the latter. in isodensity derivations itis possnble Te—
. to detect density differences first and_ then enlarge the paffern wxfh ‘the - - -
- -—resuit that gra!n nolsé falls somewhat behind. . R

P P it -t e e

T In 1he lncreased qualnfy‘af film that has come because of umprovenenf _;

b R B T
ere has ccme opportunity to setTle sope of the recent problems in ln*er- g
“pretation of small obJecfs. et e e
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e G S “But this does not mean: fhaf fhg small obJecisﬁ problem-wlli go awayz'
S For every step in |mprovemenf of information derivaticn there wiil come, as,
. -- beiter imagery is produced, an increased demand for more fine defan!. s T
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Cccasionally unexpecfedly smal! objects are readi!y discerned on imagery

- for which ground resolution does not approach anywhere near soO ‘small an .
obJec?. One of the Interesting examples here is the set of cables or P°"?5;; |
Jines between two buildnnqs at an eLecfr:g‘:nsfg)laf|9n (Flgure 4) T
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without the Irradiation effect, both as light lines on dark background and
#s dark lines on lighter ground. The exact reason for their visibillty lles
in the quality of the emulsion, but the exact physical reason for their
discernibility does not reconclle itself wefh Inability to see such ¥Tne
detall elsewhere. .
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' g ' ] . No device has
been produced which can elfher vertfy or refute the ‘Tnterpretation glven
by & photoanalyst or by anaiysts who may not agree on a specific interpreta-
tion. In visual mensuration cooperation Is achieved between the two
analytical skills. Where the mechine operator Is unsure of the limits of
the object being measured by such Instruments§ =~~~ 7" ... _ithe
analyst Is often called upcn to verify the pcints “for poan?—?o-poanf
mensuration. This he is happy to do in order to forego the time consuming
operation of the machine Itself. - There Is convincing evidence that the
two skills are mutuvally beneficlal. Perhaps at this point it is also
quite obvious that the two should be kept separate rather than that the
photoanalyst should be expected to do the most exacting types of mensuration. .
The fleld of knowledge required Is too extensive for analysts in general to
be content with attempting to perform with maximum quality In both fields.
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imagery with Weak Photo Contrasts L -

e

4
Much of the problem of object identification or visuallzation Is not
a matter of size but of image clarity. I|f all photography were distinctly
black and white, such as ground resolution targets are, this would be a
standard problem with standard expectabilities, but most Imagery consists
of gradations of gray tones that seem to merge Imperceptibly. To some
degree this Is inherent in the use of granular emulsion.

.Fleld conditions 'are a major cause of such poor contrasts. Light
reaching the camera lens Is attenuated by atmospheric humidjty, haze, or
overcast; the image may be blurred because of lack of perfect coordination
befween f1im and vehlcle mofion,,f' i "{‘““"‘T ) YT ST

PRI AL Tt e e e e o : . oF visibif?fv may =
be poor ‘because of - poor Iighflng and llghflng angles af Inappropria?e times
of day or season, £ 7T N e, Snow cover often

masks ground surface defalls, buf it may “be reveallng because It sharpens
contrast and can date activity. Obliquity of coverage may be a problem
because of poor viewing angle but it too-is advantageous in many Instances.
In cases where one or more of these conditions is dominant, an object, even

" one that 1s large, may be Imperceptible, or if identificbie mady still be too
poorly Imaged for full and satisfactory description. These are fhe usual
condlflons under which imagery is acquired.

The real problem of ldentifying the fine detail of photographed objecfs

. Is generally one of distinguishing between closely related tones produced in
the relatively, :lear images of objects whose overall appearance is rot black
snd white but the In-between shades or colors that come out gray on so-called
black and white photography. The large difficult objects fall into two |
categories: (1) those which occur in shadow?
of a nearby object; and (2) those whose gray foqgs closely match the surround.
I f ?he gray fones were effecfnvely contrasted resolution could be good -pven
[ weeee - gand objects of low scalar size distinguished buT if
the fones are closely al'ike or merge Imperceptibly object definition is apt
to be poor. There has not been reported any.coherent body of research into
the expectable relationships betweer vision, visual acuity, and identification
and description of objects only faintily contrasted in their included detail
or In association with surrounds, at least no research that is of direct
application to the photoanalyst. In this phase of his work he is operating
In an area for which no physical parameters have been developed as guldelines
or goals, with the result that whatever he accomplishes Is open to. crlflcaSm

and greater expectations. ) :
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‘The photoanalyst, personally, elther sees an Image well enough to
reCognize and describe 1+, or he does not, in which case he may be able
to get help from available technical services. The image contrast can
sometimes be Increased by developing'technlques that enhance f1im density
differences. |t Is worth while for the analyst to-discuss such contrast
problems with the skilled staff of the photo reproduction laboratory, or - .
"~ with the photogrammetrist In case an exact edge presents the problem.
= These techniques are most valuable in object mensuraflon._and fhey 4 )
somoflmes also lead to corroboratlon of ldenflfy. e ?,;ff;':}ﬁ"”
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Imagery of Highly Reflective Surfaces

Metal objects, such as alrcraft and unpainted oll or chemical tanks,
are generally as readlily seen and measured as other types of construction,
but occaslionally, and often then In critical situations, the amount of |ight
reflected from such objects Into the serial camera is so bright as to partly
efface object outline and detail. The analyst can most often distinguish
t+he nature of such large objects by distinct outlines of portions of the
Image, or by conclusions derived from the surround. Exact measurement or
description of small “detail, especially that required to distinguish between
simllar appearing aircraft, for Instance, may be Impossible, although this
bit of information may be one of the most Important goals of an aerial mission.

The majority of statements on such overbright light effects attribute
the cause to glare, which in conversation Is frequently, though mistakenly,
referred +o as halation. The feal cause of overbrightness therefore needs
discussion and clarification. Three questions Invaribly express the problems
of those concerned with such identification assignments. They are: (1) under
what circumstances does such overbrighiness affect imagery?; (2) what Is the

. amount, percentage, or factor of errdr in mensuration of such image distortion?;

and (3) what can be done to avoid its occurrénce? ' -

The first of these questions is falrly easy to answer although 1t requires
detalled objective explanation. Overbrightness Is aimost wholly caused by
natural and normal concentration of |ight reflection from the metallic surface
{tself. To understand this we need to review basic explanations of the
behavior of light, its distribution, scatter, or concentration, depending upon .
t+he media through which It passes, the surfaces through which 1t cannct go,
and the manner In which it Is directed away from those surfaces. :

it is theorized that itéhf }}a§éllln9‘?rop the sun toward the earth Is -
propagated in direct rays until It-hits the earth's atmosphere, whereupon / g
some of It Is diffused or scattered by minute particles contained therein.

- Much of the sunlight falling through haze, overcast, and smog strikes the

surface of the earth or the objects thereon, whernce 1+ can proceed no farther.
Some of the light is absorbed and turas Into heat energy. “If the surface lIs
translucent some of the light will be i1ousmitted through 1t (Figure 53), as
through a window, but that which is reflected (turned back by the object)
carries an image to whatever optical system Is within viewing position. I f
the surface Is rough, either coarse or fine (Figure 5b), the reflected light
Is diffused or scattered in all directions, and the object Is generally easy
to see and easy to look at, although excessive diffuse 1ight produces 3 -
washed-out appearance which is readily aPParenfg““* LT
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_striking a transparent surface.

) - b~ Diffuse reflection from surface vhich 1s :lrregular
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*The. smoother the surface may be the greater the proportion of reflected
_light that is oriented in a particular direction (Figure 5¢}. That direction
Is determined by the direction from which the light comes and the orientation
of the bit of surface from which each light ray is reflected. This rfelation-
ship Is clearly explained In the physical law which states that the angle of
Incldence of the light Is equal to the angle of reflection, these angles
being measured from a line normal, or vertically projected, to the reflecting
surface. The law s well Illustrated In the brightness of suniight reflected
into the eyes of a westbound driver in the evening when the sun is low, or In
the brightness of a smooth water surface as one looks info or out over it
whlle facing the sun on a bright day. |f one faces away from the sun the
water appears dark, not because the sun Is not shining upon it also but
‘because the viewer Is in the same direction as the sun, in the diagrammatic
direction of the angle of Incidence, while the concentrated reflection .is
directed Into the air out beyond the viewer in the opposite direction.

For smooth surfaces this light concentration is called specular reflection. .
A mirror is such a surface. Any smooth metal surface, such as the body of a
car or the curve of an alrcraft wing has such a reflective capability. The
brightness of the specularly reflected light, and the image it may carry,
Is sald to be equal to the brightness of the source of light, viewed on a line
through the point of incidence, times the reflecting power of the surface,
which may be less than 0.1 for water or glass, but as much as 0.98 for some
metals. Thus i+ is that polished metals are used for mirror surfaces, and
that the brightness of reflection from metal equipment, such as tanks and
- ‘alrcraft bodies, sometimes appears too bright for comfortable visual observation.
The brightness from such an object wmay be Tco grezt for the camera film to )
capture a good clear Image; this is the reason why these items often appear as
overbright blobs of light or only partially discernible images on aerial film.
The second question, concernling the amount percentage, or factor of
error in the mensuration of light distorted images, has no single or specific
answer. Each item is a case by itself. The amount of distortion registered
on the film, for example, will depend not only upon the nature, curvature,
and angle of the reflecting surface, but also upon redirection and confrol
of the light. For each object there is not necessariiy a unit reflection.
This is well §liustrated in the photography of an airfield at Dallas wheré
several aircraft were parked (Figure 6). Of these only one was subject to
overbrightness, but for It the forward part of the fuselage between wing.and
nose was distorted beyond definition, while the rear of the same aircraft
was clearly outlined. [ "~ i L LTI
~probloms, and some means have been achieved in avoiding undesirable light
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effects. First among these may be mentioned the use of polarizing filters
Yo help reduce excessive diffuse light and to minimize reflectivity while d
otherwise producing good quality fiim. In the photogrammetric and reproduc-
.tion laboratories, too, microdensity and flim reproduction research iIs.
underway to help solve such problems. But this laboratory work cannot
erase from the negative the overbrightness already registered 1here nor . .
restore an Image fhaf never reached the film., ) . e.

. We now come to fhe question of what can be done to avold the occurrzice
of specular reflectioh. Let us look at this In two parts, the general and
the particular. As a general subject in photography we need concern ourselves
very little about Its occurrence. ALl of us as experienced ground photographers
know that, except for special lighting effects and with great discretion, in
order to get good photographs we turn our backs toward the sun and by observa-
tion guard against including overbright objects. By this same deduction we
could also conclude that a2eriai photography taken with the same caution could
equally well avoid specular reflection. But azerial phofography Is not quite
so simple. : - .

In order that a photographic mission be mosf successful 1t is carefu[ﬂx”

.- o oo o q—au.n--w,p

programmed before the mission is flown, {70 " ENDRRERN

- e

WEE RS TEFTE T And because there are no posslble means  of knowlng “all the
reflectTng surtaces in the path of the mission, the laws of chance practically
guarantee that for 2 long mission some smooth-surfaced objJect will be Imaged

- In the very angle that will produce specular reflection. However, If the
object Is known to exist, and an Image of such an object Is 8 purpose of the
mission, there should be no reason why the photography could not be securéd

from a satisfactory angle.

T L

I+ could be possible that,| . - there Is
only a single chance to acquire a phofograph oﬁ'a ‘desrred object, and that,
regardless of the uncertainty as to the sun, object, and camera, it is deemed
best to take that chance. In this case an exceedingly small variation in the
relative position of the three could insure a good view or an unsatisfactory

.one. It Is worth the try. But if the object in question, aa airfield for

- example, Is one of the prime targets f- -~ 7"\ and the presence or probable
presence of highly reflective objects (in this case efther oil tanks .or air-
craft) Is expectable, the programming should take account of possible specular
reflecflon to the point of guaranfeesng agalnsf it by careful placement ;

AL ==Yty position which not necessarily
approaches fhe angle of lncndence of llghf on the object but which Is in the
same azimuthal orientation. This would minimize the probablllfy of good

.nn




shadows. It Is In sharp contrast to the long-standing belief that objects
are most clearly seen when'the shadow falls toward the observer. The really
.--- snalytical photoanalyst finds that a good look at the sunny side of an
object provides details usually associated with obliquity, and often revealing
of image details not captured on the shadowy side. No matter how carefully
.- ... .8UCh programming Is established there may still be times when an sircraft,
oriented at an arbitrary angie and with a curved surface reflecting sunlight
“from a fortultous portion of Its complex exterior, will direct a bright enough
".- " smount of specularly reflected 1ight to cause poor lineatfon over a fraction .-
-of the Image. If such overbrightness destroys a ‘critical detall of the _ T~~~
. image 1+ may be Impossible to distinguish that aircraft as being one or the
"=~ other of two closely |ike models, or to Identlfy_a known model from a possible” ——
.-=--~Closely resembling prototype that has’ not been previously observed. Although ~ .
_such an Instance seoms wholly unlikely, the possibility should not be over=_- .- ...
- > looked, and cannot be completely avoided. . LT e e

EEEL S Y TR

SeTeact - &

" In most Insfances where clear photography Is vital it Is possible to . ... .
-— ..arrange for more than a single frame of coverage of the vital object. R

the chances are very good - .- ...

L that _ .. at least one frame If not .

" " both will have the object clearly Imaged. If nelther Image is clear or-only =’
@ single poor Image is acquirad, there is some value In knowing that an ... . _
~* ~{nteresting object is at least poorly Imaged and that.lts ldentity may be i

~clarified when another mission is flown. T T
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Problems of Orientation and Viewing Angle

_ Overhead photography provides the analyst with imagery that varies
with lighting angle, viewing angle, and target orientation. First of all
the geographic location of an object determines whether, on a8 particular

. date, there can be sufficient light at g{jgnlg;éllgw clear _photographv. ..

R Tt ol alahd

e ~ s ege i g ;winhnw,“4;;4w¢~.;..Jw.h.f Exceptions
made to this condition are Tncilided in missions with The full knowledge that
certain targets are beitter viewed under poor light than not at all QI oo h—

TEmamerot 0 -t 977 g cases 'where obscurity occurs the reasons are

|23

general ly other afmospheric conditions or terrain or structure shadows.
. The matter of sun angle’should not be left without pointing out 'the = =
- --seasonal ly greater quantity of light 1n The sky In summer than in winter. =
1 the sun's course were related to a.cylinder -Instead of to the spherical
~~ghape of Earth there would be no differences in this respect. But anyone
_reflecting on the subject recognizes that the immediately pre-sunrise and
post-sunset light in summer Is far greater than in mid-winter. T T
" In lower latitudes it can happen that with high seasonz2l sun mid-day
photo-coverasc yields imagery Tnat is almost shadowless, generaily an
undesirable feature. On the other hand, In the latitudes between the
Tropics (Cancer and Cspricorn), coverage can be secured seasonally with
. shadows falling either north or south as well as dally either east or west.
This allows unshaded views of all sides of an object of interest and provides

- guidelines for targeting in order to acquire the desired look. }

A e
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A full discussion of these properties of the imagery should also
Include unit target shepe and complexity, and the nature of ifs surface.
But these are so intimately related to the basic aspects of vision and imagery
that, if discussion is deemed desirable, it should follow after a full reading
csﬁijﬁe second section of this report. | L ;
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A photoanalyst has mixed feelings zbout shedows. He learns early that
photography Is easier to look a+ if oriented so that shadows fall toward ¥
him. For vertical photography this is simply done, but for oblique photo~ ._
graphy, where obliquity should also be slanted in the direction of the viewer, .
there are times when a choice has to be made between the two. And then there

. - Is no single answer or simple rule to follow. The situation varies not only
" with the obliquity and shadow angles but with Image quality and even the
“"“nature of the Image Itself. The analyst In such cases may find It useful
- $0 look at the photography, the site location, from-séveral angles, .and often _.
finds something revealing In viewing the imagery from different angles. '
.- The angle permitting the most penetratirg analysis Is often found to depend .. ..
- - on-target orientation, or on whether or not the object to be identifled.is . ... ._..
- @ single unit or a small factor in a more detailed and complex site. Lo

> 7 . Target orientatlon is also a dual or triple concept. ‘In the first
- -place 1t may make a difference in judgment whether one views a 30-foot
---missile or a freight car from the end, the side, or some point in between.
" It may or may not be Important whether it Is seen from the direction In L
which the shadows fal! or in the direction of obliquity. If the target - -~~~
has a highly reflective surface the 1ight ‘refurn from i+ will depend on
..—.the relationships of the camera's look angle to the angles of incidence -~ ="7—
- -and reflection (Figure 7). These are ali orientation factors that.aid or .. - "
- -hamper the look at the imagery. But target orientation with respect to - .
-~ acquisition of the imagery is also important. This is immedlately cbvious . ;" ..
~. In-consideration of ground resolution targets, where tests show that -the - -._..
-~~target oriented parailel to-the flight path.of the wvehicle has a..lesser. ... ---:::.
““‘resolution than the target oriented perpendicularly, the reason being that - -7,
—there Is a slighrly greater sensitizing of the emuision in the direction of -- - -:
. flight, with the film traversing that flight path. 1n some instances the -
difference may be Important. : . ' o
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PERFORMANCE SKILL

Imagery analysis is not Just a matter of obJecf definition. As much

as Its concern over objects may be emphasized, the imagery analyst is

responsible also for recognizing action or the immediate condition of 8 - -~ -— -

capabliity that is belng developed. He Is most often expected to be able

10 draw on an intensive background knowledge of some one or several diverses

and technically complex fields of man's industrial, political, economic and

military capabilities. To the-degree that it is pertinent, he.acquires a

wide_acquaintance with the geographic assets and limitations of a'site, and - -
_-the history of the activity there. It is expected that he keep himself - S s
" “"Informed of whatever may transpire thene, .or elsewhere, ?haf may be reiafed--~ T

"Yo the function in question.

- In the process he becomes skilled in the techniques he flnds most —— T
producfuve of satisfaction in his work. Such skills may take the form-of - --
fllustration of a single site or feature, of photographic comparisons between
similar but unrelated sites. Or he may have a special interest in verbal

. communication, in which case his word pictures -become increasingly apt end
meaningful. But in all probabulufy he'wlll not be highly skn!led in all
collaferal techniques. N o ,

Mosf perfscularly he wlll probably_net-be~exfrenely tnferesfednnon—ever -
highty competenfin the mechanical aspects of imagery derivation and presenta- - -
tion.. He=may=do-it-and Fany analysts are graphac artists, but the -average - '
analyst. will neither enjoy nor perform_wel!l &t graphic supporr~or “the .mensura-
tlon of his own small objects® anzlysis problens. This is not because he lacks

" Interest in the data such manipulation-can provide for him but because he is -
then moving from the subjective analysls, which he enjoys and .therefore-does -~ ' :
“well, to objective skill that by comparison is a subdominant accompIJShment————-~
“and 1herefore not able to command the place in,his interest which is -- :
necessary for real skill. In the process of becoming self-sufficient he

.---becoiies isolated, a hermit if you wiil, lack|ng the support of discussion

and differences of opinioa and purpose whsch in photoanalysis ara highly

productive. : .

e s w e
—— A

w..—. -The techniques of.subjective-and objective analysis of photography are— -~~~
.. ..distinctly separate concepts, -both as to philosophy and practice. -The === ---—"'~
<. individual who is_conceraned with the objective techniques will become a° =~ ~ :
.__-_phofographer, a photo-lad technician, 2 phofogrammefrus. -or-an optical------— -
specualus? perhaps, bu? he wili not be interested in. verbally describing the - -

K4
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" leg of an elecfronlcs stfe or the chemical output of a rallside installation.

His interest Is In the mechanical perfection of the photographic product,
and having achieved the highest quala?y under. a given. set of mechanical
conditions, he then attempts to improve some small component of these ~ '~ .

"conditlons for another go-around. The imagery anailyst, on the other hand,

Is Interested In the game of deriving expertise from the visual po?enflals.

" " His skiil differs from the mechanical or mensurable, and when he is asked . ..
_to do both he Is in a position analogous to that of a test pliof being asked

fo f;ke 2 place in the assembiy line of an aircraf} “factory. Y€ there is a
need-for-objective analysis of -small.-object photography, -it- should not
be expecfed that this be done by the subjective analyst. True, he will, or

-+ should, understand the objective background, but he needs the support of the
- _skilled and knowledgeable obJecTsve analysf to produce the best products.,

In addition, l? will probably be discovered that the obJec*nve work can

- be done better by ths objective specialists, that they will do it faster and

. less expensively than fhe subjective analyst can, that he thereby will be -
free to accomplish a greater amount of the work ha does best, and that as a ™

~ total result more work wll! be done more economlcally and more people will '
be happ!er. - S , - :
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COMMUNICATION

Communication of ldeas Is mainly a language skili. Our words must be
.. . well chosen to say exzctly what we think if we are to convey to others.. _
precisely what we mean. The phrase, "be specific,” rings 1a our ears. This
does not mean that graphlcs, elther annotated photographs or objective 11llus-
‘frations, do not have a place in putting across salient points in presentation,
. or that numbers are not highly effective in conveying magnitudes. These are
" useful-after the fact, Ths concepts they convey must first have had to be
verbally defined. In company with visual acuity and znalytical skill in
studying.the imagery, idea formulation and vocality are the means by which
" the snalyst communicates. To do this well he must know the nature of the
media with which he works, and the descriptive terms which effectively carry..——
his message to others. - The first of these Is covered in the second section .- - .
— of this report. "Here we wil| concern ourselves with- Introducing the analyst!s ...
practical problem of communicating what he knows. : T e e iem

ol

- . As In any profession, the body of photoanalysis terminology has been . . .-.
I "accumulated slowly as the sclence has grown.-.Certain terms that-have been —wo . -
wall chosen stand the test of time. Others, less apt, may be carried in active ...
- use because of priority, because thelr real mezning is overlooked, because
== thelr use is expected and even required,-or because.more.-adequate terms have- -
- not been Introduced.- The photosnalyst, as a vocalizer, might -sharply Increase -
- - his-ability to handle-words if this phase of .his activity were brought to
attention as a whole fiald of habit that needs evaluation. Unless a good look
- ~--and 3n open'mind are brought to focus on the problem it might better.be dis-.__ - -
- regarded. . : . S . - .
The prime weakness, poor word handling (which here also ‘inciudes -- i=—--.—
phraseology), resolves itself into two parts, words poorly used and words
-~ poorly- understood. ¥ords poorly used are most commonly the general or
_non-professional terminology that has been incorporated and thereby endowed__ _._ .
wlth pseudo-scientific status. "Poor Image quality" .is such 2 term. Many .
of these terms are acbiguous and misleading. They include Terms which mean .
one thing to one group of analysts,t = "~ "~ 7777 | but something else -
LocYoothers TN L L
- -Terms which connote different things in several aspects. of image_production, - ---
- such as speed or flare, most commonly are used precisely in one sense, which -
- should be the only-usage, and in all other cases should be replaced by terms .
which really mean what Is implied. In a few cases, as confrast and exposure
"used by photogrammetrists in one sense and photoanalysts in another, two Sl
* dlifferent usages are justifisble. . ~ .
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Among words poorly understood we find most commonly the borrowed

sclentific terms, which in the borrowing-have been poorly chosen, and in

the retention have come to denote something outside the originai meaning

which may be a valid term within the bounds of the profession. Halation

f1ts into this group.- We find a simple term, defined precisely In-physical
sclence, used loosely and conveying no useful Impression when substituted . .

into the position of ‘a related, significant icea. There is, for instance,

a custom of using "resolving power" as a criterion in Imagery when "ground _
resolution” -1s the important value. On the other hand, we may find-ourselves -._
poorly understood because our audlence or readership falls to catch the full
.-signlficance of terms we choose. 1n this case we; however, have the choice

of using simple vocabulary so carefully presented as ‘to convey the more T
complex meaning, or of explaining exactly what an unfamiliar term means.
. —~.  The photoanalyst..should be.aware of these weaknesses In verbal .
communication. - He may find value-in this amount of definition. Togo. _T "~ 7
‘beyond~this point -is -not-within-the scope-of-an.introduction to_The problem. ..__.

. . . . .
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SWUARY-
Given two reals of photography from film with equal resolving power,
used In two different but supposedly equal cameras, exposed under two
different (supposedly equal) sets of atmospheric conditions, photographing
two actual (and -supposedly equal) sets of scenes, developed under supposedly
equal conditions, and viewed by two aifferent (supposedly equalily capable)

- Imagery analysts, It is difficult o concelve that definition and description

- of Identical small objects would be equal. There are too many variables for
- full _equality. S R Ty s - R s N
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- point here is fhgt;jfﬂggggxpne concerned with photoanalysis, and with its.
~ products EITRT A NEHETTEP comprehended that Imagery. analysis is not . .
an exact science, and the reasons therafore, our effort could be bet*er .. - e
toncentrated into doing what we can instead of being too concarned witn

= what we cannot. .In the following saction are analytical data on which

. ! E?
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such comprehension mus® be based. o . ' .
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. T SECTION 11
" BASIC IMAGERY RESEARCH

In the transmission of an object's appearance on the ground to its
description in a photo analyst's report, the descriptive data sre forwarded
through a serles of medl!a, none of which functlons perfectly and each of
which degrades the image or robs It of certain detall which is not recoveratle.
The media in turn are the reflected light carrying the image details, the
atmosphere which attenuates the light rays enrouté to the camera, the lens
which focuses light on the film, the roll of film on which the latent image
Is recorded, the negative or processed film and the duplicate positive or
reproduced positive image, the mechanical equipment used to light, magnify, and
measure the image, the human eye, and the analyst's mind wherein the imagery is
transiated to a facsimile of the object on the earth's surface.

_.Between the object and the report the image can be said to have one stable-
or real stage and one instable or imeginative stage. The stable stage is thet
recorded on the original negative which, once processed, remzins the same until
or unless emulsion deterioration sets im for organic reasons. Reproductions
from that negative are essentially also parts. of the stabie stage although one
may differ in quality from another. The instable stage is that recapitulated
in the mind of the analyst; It occurs fleetingly in single recognition fragments
the total and composition of which becomes not so much an image as a reasonad
 conclusion, whose recording depends on pre-knowledge and descriptive ability.

It Is assumed that we are sufficiently versed in the art and purpose of under-
standing to seex explanation for whatever knowledge is necessary for insight
to occur. The physical media and means which contro! the transmission and
reproduction are discussed as they pertadin to the present state-of-the-art

of Imagery analysis. -
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THE FIM

Composition and Characteristics L

The requirements speclfied for films to be used in the procurement of
serial photography are necassarlly very stringant. The reliability of
Pro Tt o N information extracted from the phofography ls dependenf upon
the tiIm meeting these requirements. -

A film is composed of two basic parfs--fhe film base and the phofographlc
emulsion. There are other components required but they are dcrecfly relafed -
fo one of the above or to their combination. -

The #1im bases used predomznanfly are polyesrers, or "safefy" film, so
called because they do not support combustion. The two most unporfanf oharac-
terlsflcs, other than stability, are greater tear sfreng*h e

wa, UiEeeTs These films are much more expensive fhan fhe cellulose
acefafes ‘available, but are necessary for: _ o B _, car.ograpnlc purposes
bacause of their high dimensional sfabllnfy. ..

The emulsion is a suspension of silver hallds crystsis within a gelatin

mass. The gelafun serves as a profectuve colloid. Without this protective
" colloid, the developznﬂ of an image wouid be impossible because The_silver
halide, whether it is exposed or not, would be reduced to silver on contact
with the developer. The gelatin is also essential for uniform dispersal of ._
the crystals of silver halide. Strict quality controls must be.exercised . _. .
when the emulsion is appliec 1o the film base. It must be smoothly.and unlfornly
distributed over the base; otherwise a lens effec. will probably result. A lens
cffect produces a2 spreading of !ight within the :mage, sclely as a result of a
non-uniformity of emuision application. . . -

"’ The emulsion and the film base are joined 5& an achesive. .Additionally ... .
. .an anti-halation oca%ing is most often applied to the non-emulsion side of the. . .
film base. This coating is water-soluble and is removed during processing of .
the film. Some fiim bases because of their color qualities, do not require
anfl-hala?uon coatings. \

-"-"."':f . C e . . . . .. . .-
- n\o PO AT R . . -
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There are many factors which must be considered in the ultimate selection -
aoft a particular film type in order to obtain the most-desirable image for - -
. msxlmum Interpretability. These include film speed, granularity, contrast
amd definltion charac1erlsf|cs, spectral response,_eig. .




e, Y .
. CO R
o ..
o

L .
Speed, as used when speaking of film, Is merely an expression of the
sensitivity of the emulsion. This must not be confused with spectral response

which Indicates the range of the visible portion of the electromagnatic

. spectrum that a film emulsion will record. Although comonly referred to

.as flim speed, It might more likely be called emulsion spead. It Is a
-relative quantity, used to Indicate emulsion sensitivity to-light. The speed
depends In part upon the size, quantity, and dispersal of the silver halide
crystals in the colloidal suspension. These factors equzte to the granularity
. and graininess of the film. Film speed may be thought of more simply as the -
:'time required for incident Ilght to.produce the desired chemical reaction

. within the emulsion, thus creating a condition of exposure. Speeds are
expressed in general terms; i.e. fast, medium, slow, however they do have
definite numerical values which are mora often used by the photogrammetrist.

The granularity of an emulsion Is an expression of the grain size and
1he density of their dispersal +hroughout the solutiocn. Graininess is a
psychophysical quantity referring to the visual appearance of the granular
-structure In a developed photographic image. Graininess is evident as-a result
of an agglomeration of developed graif’s or an overlapping pattern of grains.

Slow emulsions In general have finer granularity anc better resolution
"than the faster types, but they are nét necessarily the best for aerial
photography on that account. In past years fine-grained emulsions were
excluded from use in aerial photography by the need for high contrast and
full emulsion speed.

of a film for certain contrast characteristics.does. relate directly to

granularity and film speed. Conirast of images is a function of maximum and

minimum-density levels af granularity and exposura. —==-
Definition may be stated as the degree of clarity and sharpness apparent -

. In a photographic image. Resiricting discussion of this subject to film -

characteristics only, definition is more dependent upon granularity of fthe

emulsion than any. other factor. Although.a certain level of sharpness is

necessary, it should never be forgotten that sharpness, as such, without

- any specification of focal length, conveys no guaraniag of good resoluvion”

. of ground details.’ S : R
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Specfral response lndﬁcafes fhe range and peak of . fhaf porflon of the
visible spectrum to which a given emulsion is ‘sensitive.

Many other experiﬁenfal {iim types are available and belng tested.

\ e

. : .'.-.....t | .- . . - - \ 5) . '.

i»\i

i
24



Processing Technigues and Procedures

But first, reference to the characteristic curve must precede detailed
discussion of variable factors in development. It is the most common o
reference point utilized in describing variations in density scale (or
c¢anfrast), and gamma rating (or reiative contrast). The characteristic curve - -
(Figure 8) Is used in this text merely-as ‘a graphic reference vor- clarification:
of statements written in the foilowing paragraphs. B o .

Density, by definition in the photogrammetric sense, is 2 mezsure of the
-....degree of blackening of an exposed film or of the direct imege in a positive
- print-out material. Density scale indicaies the range between The highes?

and lowest densities in negative images. The term density scale or range is
~‘often referred to as the contrast capabiiity of The negative or positive materiai.
. This must not bé’'confused with the uszge of contrast as it Is applied to imagery
.. analysis.. In_this latter imstance, conirast is intended to incicate the relative
... physical appearance of an object agaiast its background.  There the term has a
swbjective application. T .
-~ A graphic represeatation of deasity range as-applied o Ths characteristic- .
curve is shown in Figure 9. &t is shown here as a function of the.-relationship- -
.. between exposure.and the gemme value of a given emulsion. = | .
The density scale of the negative is most Influenced by three variable ~ -
conditions:  the brightness scale of the imeged objeci, the exposure leve! of
-~ -the ‘camera, and +he degree of development. After the imagery has been obtained,
onfy one of the three variable conditions listed can be altered--the degree of
development. It 2lso is probably the most important single factor which can

affect the density scale.
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= Of the many development changes possible, variations in devalopment
Iime apparently offers the most satisfactory method of coatrolling the
negative density scale. The range may be regulated toward elther maximum
or minimum density as shown on Figure 9.

Gamma Is  term used to denote !nherent relaiive contrast of 2 guven

. emulsion and also the degree of development. If.may be expressed more

., clearly as the relation of a negative contrast (or density scale) 1o subject

contrast or brightness range. Gamma is synonymous with the angular measure-
ment formed by *he slope of the straight line portion of the characteristic
curve (B-C, Figure B). As long as most of the negative density range falis
within the bounds of this straight line, gamma can be a reliable guide to
contrast. |f most of the density range registers on tha curvec toe portion
of the curve (A-B, Figure 8) it then becomes an unreliable guice to contrast.

The preceding description of density, density scale, and gamma is, by
necessity, an ove'simpllf!cafion of each. In reality, the terms are

. Interrelated to such an extent that each Is dependent upon the variable

conditions created by the others. .
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Resolving Power and Ground Resolution

There: Is a general consensus that the primary limiting factor In
Identification.anc mensuration of small objects is resolution. This being
the case, It is well to take a critical look at resoiution, for the
photoanalyst Is concerned with photogrzphy mainly 2s a working tool In
order to icentify, describe, and measure an object. through tha medium of
the photog~aphic Image. Again, as in the problem of optical aculty, we
have to consider the camera, the fllm, 2nd the eye. For any optical
instrument a theoretical limit of resolution may be calculated on the basis
of the wavelength of light and the diameter of tha lens. It is sald“that,
for the eye, the Image of an object must have a diamater of at least 0.002
mm on thz retina (46). A circle 0.1 nim in diameter at+ a distance of 12
inches from the eye should be cistinguishadble. For the eye we have, whenever
necessary, additional magnifying devices beyond the present capablliTty-of
any film. . , : .

.1¥ we are to work up to that limit we should have 2 clear undersianding
of what Is meant by resolution on photography, how resolving power is derived
and: measured, and just what vzlues and problems it contributes and leaves
unsolved in the analyst?s quest for knowifig what he sees and his attempt to
mean what he says. How Is a certain resolving power applied to 2 particular _-
... .film, and of what practical use is such «krowledge to the anaiys?? |Is there
. possibly a better or siapler way to define that quality of.the film which - .
Is parzmount in its use?

Photographic resolving power, as an industrial concept, is the capzbility
of the czmera system, lens plus emulsion, to resolve ang reprocuce fine black
ard white iines. The finer the lines resolved the higher the resolving power
of the photographic system in use. Resolving power is expressed in lines per
millimeter. . :

These three statemenis gererally constituie 2 photoanalyst's introduction
to the capability of the photographic maverizls which 2re 7o be the tools of
his trade. If he Is inquisitive he may aftempt to learn more, and what he

. usually finds out before ceasing to be concerned is that the-lLines/mm._is...— . _.
comwertible to the abilify of the photography to reveal the imzge of an object
_ - of eertzin dimensions at a certezin scale. He discovers thev, when working - = -
with 2 certain photographic system,” he should be able to see, under magnifi-
-, catian, objects that are, say, ten or five feet in width, whereas with another
—-- -systan he should see something only one foot wide. - As he becomes famillar

?
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with more and more photography he realizes that In many Instances he sees !
perimeter fences around secured sites, that such small-sczled odjec’s as
electric powver lines and guy wires of towers are clearly discernible on
coverage which Is not black and white but actually a motley assortment of

grays. He discovers that, sfereoscopacally, he may ses through haze or

overcast sky, and that lines/mm is most often a completely disregarded

term. He ls not necessarlly disturbed by the increase of knowledge, but ,
he Is by the lack of any clear explanation of why and how there seem o be . .
only vague connections between theory and practices Let us Investigate the
former and attempt to'put the laifer on a reliable base of reasonabse
1ermlnolcgy. & . .. S

The concept of resolving power and the tests cevised .-to cevermine the
resoiving power of an opTical sysiem originated in asfronamy. There, where
the photographic telescope is turned to the night sky, It is always impossible
. t0 see the individual smaller stars, although it can be known beforehand that_... ..
~ a certain instrument is capable of detecting stars of certain mazgnitude. It -

Is sometimes difficult to separate the images of two distant points of light,
_such as double stars. A standard test for determining the qualities of a
iens capable of resolving such stars was developed by G. b. Airy In The 19th
century. 4

- B

A [ens} whe?ﬁer single or complex, does not produce a perfect imege.
This means that a point object will not produce a point image but a central
prominence surrounded by a blur or diffraction pattern. A single point
Image, If Iarge enough, is distinguishable as a blurred-entity. Innis ~--— "~
studles of ihe size and relative fuminance cf thse :mc,e center 2nd the ... . .
surrounding 2zones formed at a2 focel point by a beam of lignt passing Through
8 lens, Airy proved that the pa?fern was the function of the wavelength of
light and properties of tha lens in use. Because the cenfral poini in such
a pattern is so great in comparison to the diffraction paffern surrouud:ng R
- it, the [atter was disregarded end the central disk is said ‘o constitute -~ -
the image of a point object. This is known as the Airy cisc (Figure 10a). s
Unless cenfers of two such points are separated by a distance equal 7o the.
radius of a single point image the two points are not separately dis?nngussh-
able by that particular lens sys-em, in which case they.are said to be not .. ..-= =~
" resolved (Figure 10b). When a series of discs of known size is rated agaunsf
a certain lens the resolving power of that lens or its amplifude-reduction- -~ -
curve is deTermuned along with its optimum focal lengfn.______,_..”.-_--.*_;_;___3.

As tha science of photogrephy developed, anvolv.ng leas capabiiities _

and object sizes, the concept of resolving power was applied to it and-a ‘ .
simllar test was devised that is used to measure the reso!v:ng powe: of d

R S .
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Figure 10. &- DPiflraction pe.ttern procmced by perfect ler.s.
N : b- ksolu‘.;ion between two close images.
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t+he system used for aerial photography. Lenses usad for aerial phofography
are subject to tests, both visual and photographit. The test with which we
are concerned here is the resolution test, in which standardized charts are
photographed at different focal settings for the lens. When images on the
finished negative 2re found to have the best overall definition of the
smallest possible test pattern, the equivalent focal length of the lens is
determined. . :

The resolving power of the lens Is cetermined by the rating of lines
per millimeter of the finest line paiiern which is fully resolved into
separate lines on the negative. The exposure and development of the film
must be adequately controlled to conform to the test situetion. If the -
width of a line plus an adjoining space in the patiern is 0.5 rm wice, and
the rate of reducticn from the photogrephad chart to its imege is 40 to one,
the actua! width of the finest line and space on the chart is an eightieth
of a millimeter, and the lens is said to be czpedle of resolving 80 lines/mm,
This is lens resolving power rather than photegraphic resolving power which
has 2 test of Its own. For resolution of two image points from a good camera
lens, the necessary separation s such 2 small quantity That it causes little
difficulty in the production of good aesrial phoTography. This s because
+he size of silver halide grains, the active Ingredient in the protograpnic
emulsion, Is so much larger +that granularity of the emulsion is tThe present
limiting factor./ S ST Ty
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, By Its very meture, camera film, which is made up of a2 more or less

" thin coating of emulsion on a fixed base, cannot capture the fuil integrity
of an Image which comes to it from the camera lens. When the image falls on
the photographic smulsion it suifers a certain diffusion which is relatively
more serlous ihe smalier the detail. ) » . .

P - 1

In order that an image be visible when a photograph is enlarged or

"magnified there must be a higher potentiai of visibility than that limited
dy the scale of the original negative. For the fiim, the upper limiT of
effective magnifica*ion vsually occurs ai the point when The difiraction
.blurring of the image on the film becomes a distraction sufficient to offset

" the gain in visual acuity. In other words, the photoznalyst is accustomed
.to using film under nigher and higher magaificavion untii if "falls apart,"”
which is when the graininess of the photograph interieres with furtner
-analysis of the image. The present iimiT of visibillty under -magnitication
Is thus seen o be seT by the grain struciure, or granularity, of The
emulsion, the indivicual silver halide grains. The film therefore has limited °
resolving power which is a ‘limiting factor in photoanalysis. Typical values
of film resolving power are supplied by the manufacturer.

- B < > S —
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* For typlcal aerial camara flim there are two deflinad sets of resolving
wer presentaed In the lines/mn framework. Ore is tha total overall
resolution and the other a contrast. facior relating to b'lghfness end tone,
e 10 the film emulsion, 20 S7EP T
R R I D R o v ... . mdand
mean simply that a standard processed negative image can be megnified only
within the limits set by the resolving power before undue deterioration of
image quality sets in. It Is not essential to think of the two emulsion i
gactors, gamma and contrast, separately in order i0-see the relation between
jens and film In resclving power. Thare are extractable qualities of the

§1lm emulslion that can be evaiuated against the focal fength-resolving power
gombina?ions of the

- The terms resolving power and ground resolution differ In meaning but In
discussion of photo Interpretation analysts, often unknowingly, use the former
when they should be using the latter. The resclving power of 2 sysvem, or any
of Its component parts, 'Is knoun or can be determined-before Tha.system.is
activated In-flight. Its meaning Is of real significance o phovogrammairic
and optical design engineers bdeczuse it relates to ithe objective capabilities
of the averall photographic system. On the other hanc, ground resoiution is
a measura of the capability of the system as expressed by resuits obtained

on the Imagery, which are affected both by in-flight-conditions such as

light attenuation, contrast ratlo, an¢ image motion compensaticn, and by the
reproduction and processing 6f the fiim In the ladoraiory. . .

"~ The photo analyst Is m&s? concerned wi+th the ground resolution of a

tem and what Its Implications ars in fegard to fulfllling inis specific
g racuirements. For this reason it is felt thet ground resolution,
ot e T s T e Warranis more detailec discussion.

When the photo an;!ysf is in

Y3

formed that the ground resolution. obtalned,

5 n the imagery, are icentifiable and measuradle. In
’."#-*4;049"':_-_; _~., { m *

7 : 5

practica however, this does not held +rue for many of the B i
observiad. One must understand the oregisg meaning of the statemant [y [iiii
T T D i i ocwad® This is a measure of the 2bil ity .
1o resclve a resolution targe
to-background contrast ratio of five-to-one (Figure
items im a naturali setting have, at basy, a two-To-
would raduce one's abili+y to resolve a Targer wiTa.n the stated one-foot .

figure. Tnis doas not mean, however, that one cannot detect and identify

objects much smaller thanluiii-:J but only thet they cannot be measurec fo
a meaningful degree of accuracy. A perfect exampie of this is the ability to

see and idantify power lines when
and/or 1ight Is reflected from the object In a specular manner (Figure 4).

. o . ’ k:fiﬁiiff_ .
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ﬂg%%%lgis one foot, It is generally his conciusion that one-foot

+ of uniform size and separation with an object-

cna contrast ratio.. This .
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 Resolution, by definition, indicates the ability of a system to render

a sharoly defined image. Many Items, swzller than the statec ground
resolution, are detected and Tdentified even though they are definitely not
sharply imaged. The reason for this Is most-often the result of identifica- --
+ion by assoclation; aided by an analyst's skill and experience in 2 particular

- speciaity. Object pattern and the knowlecge +that, in a given set of circum-
stances, a particular Item could be preseat, Is also an Immeasurabie aid in ,
detection and identification. CTRAS o en L ¥t

«~ . P AR 3 -
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In further assigning the proper perspective o a statement of ground
resolution 1t must be understood that, two adjacent targets, one oriented in
-an X-direction, the other In a Y-direction, will have differeat resoluticn
values. This occurs because all Imege motion Is not compensaved -

S e ¢ This
Is nat necessarily a deirimental factor in gerection and 'identiiicevion, but
1+ must be considered In mensuration. Rather than applying 2 resolution
value t0 an entire mission, it shoui¢ be used as a comparative figure, |
indfeative of relative resofution between two or more missions. i

it may eventually be possible %o derive fagtors that caa ba applied to -~
serial image characteristics to determine photographic rasolution of chosen
emufsions. But because resolving powaer depends on conirast The resolwing
power Is lowered under fleld coaditions such as haze and other tactors that
lower the tone of an object. Resolving power actuzlly performs no function
In definition of an object by virtue of distinguishing its contrasting parts.
Higher resolving power in a system is 2 laboretory or comparative factor only.

40
. 8

In review, it should be emphasized that ground resoiution in aerisl
photography is not to be regarced a2s 2 characieristic o7 Tha system itself. -
I+ Bs a threefold combinaticn deperding orn the Iight source 2ad ifs energy;
the instrument and its capaSilities; and ithe receiver aad ivs sensitivity.
I+ becomes rather meaningless to spezx of resolving power unger these ! o
circumstances, but the practice is coavinued. Coaventional resclving power
concarns only calculated images and has very 1i++le meaning compared with
the ground resoiution to be applied to detected ‘images, which is the value °
of practical interest for those who work with aeriai photogrephy. i s
" Photoanzlysts are rea!ly interestad in a scalar value that can be” -
apptiied directly to the film and used to derlve .actual dimensions of the .
object image. At present this value is best expressed in terms of . around
resolation, which is minimum object size measurable, A

ey e S e S Bt gyen ground ~ssolution

.. .' . -

e mot constant because lancscapes’ are nor piade surfaces, photography is
most often not vertical, and the Image may not be at the nadir of the be - Do !
photograph. . = =3




FIELD CONDITIONS  * - v e o o .

The Nature of Licht 7 F '_'. | f:-.; W

Light is rad;an. energy eValua?ed in proparf!on +o Its abalnfy to

-stimulate our sense of sight. Through space it travels In s.raughf lines,
commonly referred to as rays. There ls a repeated pattern of eieciric and
.magnetic forces along the path of such a ray. -The unit of the pattern in

this repeated sequence is the wavelength of light. Light waves approximately

400 to 700 Millimicrons long are normally sensed by the human eye (Figure 11),

and are said to be the link between the object which is seen and the viewing

eye which sees the obJecf For a given zrount of light iatensity the eye is

. relatively insensitive to +he red enc of the spectrum., Sensitivity increases
through the specirum from red +o yellow-green (about 554 millimicrons) and

“Beyond that point dizminishes to reach insensitivity in The violet region .
(Figure 12). The exact wave1eng*h ot l:ghf which Is most readily visible C
changes with the inteasity of light-as is shown In Figure I3. Light percepf:on
and color sensitivity vary from one person to another; the variations in these,
however, are due to human factors and are not physical attributes of the llghf

© a8 such.

Co

Y

“The scattering of sunligh‘ in fhe a?mospﬁere results ln-the pheanomenon
" we know as daylight. When the air is sufficiently clear ws recognize direct
sunlight and extended visibility. Vhen air contains zppreciabie amount of
water vapor, dust, smog, or other parilicles, differentiated 2s Rayleigh or
Mees aimospheres depending on elavation, krown coilectively as haze, +there .
Is weakening of suniight as a2 result of loss of llght scaitered skyward agaxn, Co.
as well as limitation of distan¥t vlsnbo!u‘y which results from actuzl inier-

ference of particles and from diffusion of light in the suriece atmosphare.

Light rays that undergo either refraction or refiection in the course of -
-passing through the afﬁosphere experience scme polarlza fen betore reaching -
. an object on the earth's surface. Because blue light survives the Journey

better than the other waveieng.hs we have the impression that the sky is

blue. The depin of blueness is a measure of the amount of {ight broken.up .. __--
chromafxcal!y la the various shades of blue the discerning incZividual R
recognizes certain ma*eorological or a.mospher:c conditions. To such an [ -
Individual even the elevation of the sky is not a constant. "row high is

the sky?" is not an idie gquestion. S
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Pigure 11. Wavelenzth-rreQuency relationship for the visible and
adJacent spectrwns for light traveling in rree space ‘ A
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3 Light in the Atrosohere ' , e

The usefulness of aerial phofography'a]gqy§"gggequ on a;ggsppgélc and
Iighting conditions 2t the time ang place. * '

y E\ ; — _ _.-The stato of Tho atmosphord may c!low photo- -

- graphy of great clarity, of complete lack of any imagery frem the earth's
surface, or of some Intermediate state. To the photoanalyst the exact cause
of the obscuration is of interest mainly as he seeks to fully understand the
whole condition uncer-which the achieving of photography is limited.

}

In photographing .~ "7 U7 T the light
reaching the camera from the ground Through clean 2ir is 2ppreciably
attenuated. The long paths of light waves suffer more from attenuation.
Obviously, the greater the distance the light must fravel through the -
atmosphere, the greater the variety and 2mount of aitenuation produced.

B R P N L L Rt

All particles in the aimosphere coniribute to some degree to “he scafferf?
ing of light. Scaitering occurs as either reflection or refraction and is one
of the major processes involved in the attenuation of light waves, 2nd, conse-
quently, in the procurement of aerial photogrzphy. It Is manifested by the

" scattering of different wavelengths of light in direct prozortion to the
size of the atmospheric particles which they may sirike. Therefore, the
denser the atmosphera and the more diverse its molecular ccmposivion, the
smaller the number of light waves properly reaching the desired object on ..
the ground. ‘ ' . '

Playing a2 less dominant role in the attenuation of !ight waves is e
absorption. In absorption, light waves are ccmpletely assimilaved by e
} atmospheric particles equal to or grezter in size than The wavelengths of
light attespting to penetrate. A high content of moisturs in the eimosphere
Is the most absorpiive condition usually encountered and the most damaging
- _in the procuremen® cf usable photographic images. The ceommon relegation
| of absorption to 2 less dominant role in attenuation is due to the fact . .. ..
that it is significantly minimize¢ on 2 seemingly clear day, whereas
scattering always occurs, regardless of atmospheric conditions. ... = -.  _ -
_ The majority of the light waves which ultimately reach the object on
the ground is refliected back into The avmosphere, either in a ditfuse or .
~ specular manner, and is subject to further atmospheric attenuzvion zlong
Its path fo the camera. In addition, the effect of light radiested upward _
from the atwospheric impurities may be even more imporiant.’ This light - -
plays no part in the Image formation but, falling upon the camera lens

*
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along with fhe |mage—fo mung llsn? i+ weakans the imag2 and further lowers
~ the contfrast of the scene. The Term haze is used for bovh The minute

particles In the atmosphere which impede light and vislon 2nd for the lack

of transparency of the atmosphere. Its effects are important. Haze modifies
. Imagery both before and after the image-creating light falls on the object of
_1nterest. As light Is tiltered earthward through haze It becomes diffused
an¢ scattered instead of direct, with an 2pparent tendency toward scatier In
a forward direction. Fully diffused- llghf Is Incapable of creating shadows;
‘1t limits variations in reflecfuvafy tron unlike surfaces, anc us devoid of

's?rong contrasts. e L ;_,,:... . ,:___3:_;;2 AP "t .
: .'9. 13
’ The scatter of blue Iighf by thin. mist or haze 1s ‘s]xtean times the
scatter of Infrared light. By 2pplying an infrarad filter to screen out
the scattered blue and ofher visible light waves, a clear picture may be
- obtalined through mist or haze. However, the desirability of this procedure
" -.Is dependent upon the sensxfiv:fy of the recording fiim to Insure that there
. |s ro appreciable loss of resoiution. . Ultra-violet light, which is said to
- be scattered by haze in the atmosphere to a much greater ex-enf than Is light
- In the visible spectrum, “is particularly effective In causlﬂg deterioration

of the phofo negafive, which degrades Tha plcfure con.ras;.

There appears fo be ro way fo measures the anoun+ of a*mosp“eruc
attenuation encountared on gholo imegery. At présent The only way to quanf;fy
atmospheric conditions is fo use verdal! descripfuon. Such terms as clouds,
haze, fog, and poor unage cuality are the most comnoniy used. IF I+ has been
_Imc055|ble to ciréumvest: undesireadle atmospheric effects in The camera and
film systems, there is nothing the analyst can do 7o increzse “he snformafuon
Transmission capactfy of the Imagery. . :

R T Yooy St
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Raflection an¢ Imagery

Light. reaching through the aimosphere 1o an object Is absorbad,-
transmitted, or reflected according to physical laws governing |ight
propagation (Figure 5). The absorbed portion turns Into heat encrgy which
may be detected by specisl non-visuzl sensors. If some of the |ight Is

‘“transmitted It passes through the object In obeyarce with laws concerning

the density of the materials through-which it passes. The reflected light,

the portion In which we are interestec in azrial .photography, is reflected

into the atmosphere, carrying potential Images of the odbjects from which

It Is reflected. S ' . . . ey
Only by being reflected from the.object does light convey the image

to the camera where it is capiured by the film, or to the eye whence it is

conveyed to the brain aad transiated to a mental imege. As the amount of

light or energy increases, +tie ability to capture an image or stimulate ce— s

the sense of sight varles from zero +0 a certain maximum and back to zero . -
egaln. With complete lack of radiant erergy, image projecticn is Impossible.

"Optimum light falling in clean straignt lines on conmon surfaces creates -- - -
sharp contrasts, strong shacows, and clear visual images. GrezTer absorption. .. ..

- of ‘light by an object results in darxer Ilmagery; gresver reilection causes- -
.lighter values. Overabundance of light reflected from a surfacs, whether ..

diffuse or specular reflection, obstructs the image and produces in ivs

the actua! amount of light reaching +he camerz fiim or the revinz of -the - ~."~
eye is less Impertant than the clarity of vhe Image which it Trensmits, The
sharpness of the Image boundaries, the sirength of its conirasvs, the perfection
of Image fTransaission. . -

_ The reflecting capability of an object or surface veries with the rature
of ‘+the material from which the object is macde, with its surface, and with the
angles that its wvarious portions, large and small, subternc to the direction
of the sun, the eye and camera. Where the surface of an object absorbs and
+ransmits much of the incident light a lesser amount of light will te reflected
(Figure 5a). |If the object surface is rough in comparison Tc The wavelength
of light, Its elementary sections lie at various angles to the direcvion of .

- - place a formless blod of 1ight (Figure 7). Within the Image prcducing range . . -.

incident light, aad the reflected reys are scattered in many directions. [ If _—

the surface is minuiely rough so light is uniformly scattered In-all .directions
the reflection is sai¢ to be diffuse (Figure 5b). A meite surface is diffusely
reflective. Diftfuse scattering of light seriousiy affects object definition on
» photograph. On the ofaer head, a smooth metal object or water surface -

reflects light from a single plana, the surface, and mainly In a single direc- -
tion. This Is called specular or regular reflection (Figure 5c). . DR
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it Is Impor.aﬁf +o note that for each ray of lignt the angle at which
It strikes thé surface, the Incicent angle, determines the angle at which
It Is reflected (Figure 14), (f the sun Is high in the sky It will be
necessary to ba closely above an object to catch strongly reflacted light.
We earth-bound creatures have more occasion to experience licht reflected ~_
from low objects, such as house windows facing & sunset, or hcaﬁlights
from oncoming cars shining on rainy pavements.

.. Very 11ttle effort has been made to clarify what ac?ually happens wren
specular reflection- strikes camera film. To fill the photoanalyst's needs
the explanation is simple. in aerial photocraphy of_hlghly polished or
smooth surfaces, the amount of direct reflection may be so great as to
- complately destroy the Image of the area from which the reflection comes.
.Destruction of such an Image results not from the actual faiiure of +he light .
to carry detalls or outline of the imzge, but from the incapability of the
flim coating to adbsord immediataly the overabundant light. Thne resulting
Irradlation within the emtlsion has +he same net effect as the inabi!lity of
the uman eye ?o see through 2 blinding light,

The quality of an Ismage s determined &y what hzppeng to ihe Ilgh*
refiected from an object as a whole 2nd from its comporent paris. |Imzage
sharpness and.object definitlion on a single photographic missicn with 2
glven quality of film ray vary from excellent to useless, cepencing upon,
the clarity of the light which reaches the object, the reflec7|ng caoabnl!.y
of Its surface, and the perfection with which the Image is transmitted
through the atmosphere to the camera and film. |I|f the surface which faces
the camerz has vzriable |fght absorblng czpaclity, this shouid be revealed
by variations In_gray shaces, from black to whita. The shades a2nd variable
qualities of images are referred to as tone. Distinction beitween tonal
values, thelr contrast, Is as esseniial to photographic imagery analysis as
l!ghf is to vision.

W e v g e
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VISION -

i1ts Relation to Licht ‘ 4

Astronomers have found that if an observer is placed In a darx room

having only a very small opening towards the night sky, he czn sea2 stars

of magnituce 7, 8, and even 8.5. This is so because The sTars are then

seen against a dark background. It is the brightness of the sky on which
the stars appear which prevents us from seeing these dim stars under
ordinary conditions of observation. The illunnna.ion produced by the faint-
est star we can see with the naked eye is about 10” 14 times +hat sroduced
by the sun. This means that the earth receives from the faintest ster, per
unit area, an amount of light which is one hundred million million times
less than that received from tha sun. In tesis de*ermuning the threshold

of vision the amount of radiant energy or light required is taken as the
energy content of the flashes wiich are seen In a proportion of the ?ruals
equal to 55 perceat fragquency of seeing range from two 10 5.6 Times jo~!

erg. The mechanica! energy of a pea falling from a haighv of one Inch would,
if transformed into leminods energy, be sufficient to give 2 faint Impressuon
.of light. These figures tell us somethirg of the high qualiTy of our visual
senslflv!fy. :

The decidung factor In vision is not the avou1f of light but the :
wavelength. Tha sagnitude of the energy quanium is |nversely p’O”OFT(Onal
to the wavelength of the radiation, a2s is shown in the following example.

. The energy of a quantum of vioiet light of 400-millimicron wavalengfh Is
twice as large as that of a guantum of red Iight of 800-miliimicron wave-
length. A flyx of light doces not behave as a stream of Individual guantum
particles, like a series of bullets. It is only when light inverasts with
matter, for instence when it is absorbed by the retina, thav its quantum
properties come into evidence. . » .

} In the case of 2 human eye, vision Is achieved by its refraciive system.
Light coming from all parts -of an object falls on 2li the exvernal parts of

the eye. As 2 resutt of the passage of light through the transparent media
of the eye, the rays or:gina?ang from the same point of Tha object are, iceally,
reunited at ore point of the retinz so that to each poinT of the obiect which -

-emits |ight there corresponds a po:nf on the retina which receives scme of

this light. These corresponding poinis are arrangad in the same order on
_the object and or the retina. Buf no optical ‘image Is ever ccmplately sharp

and clear. ‘Because of light diffraction and optical aberration the a2verage

eye does not reach the theoretical limit in its funcf.onal ac avi?y. in
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seeing, tha sharpness of +he imaga Is determinad to sore de reg‘by the accuracy

. with which convcrgence of light oato the retina takes place. Normal visual
aculty approaches the limit imposed by size and spacing of recepvors in the
fovea. The sensitivity of the ¢ye is so high that it comes vary clcse to
.the absolute limit sot by tho quantum propcr?ios of light, Its maximum___
eccuracy In the discriminztion of form is high enough for the wave propertiés
of light to have a strong. bearing on the sublect. It Is expecizdle therefore
that the theory of the natural limit+ of sansurivi*y and accuracy of physical
Instruments be applied to the study of +the phys;o'cgy of vision. But it is
equally expectable that not all attributes of vision are directiy ccmparable
to those derived as etfher attriovutes. or llmlfafions of .such physical
!nsfrumenfs. 3
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Visudl Acuity ] ’

Aculty,.a dictionary syncaym of sharpness, is also cefined as +the abjlity
to see fima details of an object, or 25 keenness of sanse perception. To tThe
. degree that it is mechanical, visual aculty is comparable to the resolving
. power of &8 camera lens. As 3 physical phenomenon, visual ecuity Is measured
in terms of a critical dimension (diameter, width, or other scaiar value) of
a black test object Jus+t barely detected on a white dackground. [T is defined
as the reciprocal of the visual angle subtended by ithe smallesv detfails which
the eye can distinguish, in this case the thickness of The bleck bars, similer
+o0 those In the camera and film tests. This argle is expressed in minuTtes of
arc, sa that if the thickness of tha bars which are dns?nnsunshed corresponds
to an angle of one minute, The visual acuiTy is unify; If it corresponcs To
60 minutes, the visual acuity is 1/80. .Stendard visual acuity is cefined as
the 2billty to see an object so small that its image subtencs an angle o7 only
one minute of arc at the eys. This one-minute stendard is said to be used in
optomatric tests involving letiers on wall charts. . -

Tests of visual ac;i‘y zre comzmonly nade with black or colered .esf forms
on a white or luminous tackground. Recognition of such objecTs depaads on
other variables besizes size ané shape, and on the whole is thought To depend
‘on diistinction between object and backgrod over 2 sufificient distance to
permit discriminatior. Wnan 3iack test objects are usec with a suitficiently
wide, luminous backsroumd or surround, it is found tha+v visuzl acuity increases
with Increasing background Pumizence until it reaches 2 maximum value after
which it.rises no farther. This is in keeping with the everylay obsarvation
that in dim light we zre unable to read fine print which is easily legible at
higher Tiluminations, while om the otvher hand there is 2 limiT 7o the fineness
of dotail which can be seen with the naked eye even in sunlight. Objects of
lower conirast need to be ierger than 2 black-and-white vasT obl ecf in order’
to be detected. ‘ .

In one fleld exsarimant It was found thet a wire wes sesn against a sky
of high brightness whan its dianeter subtenced only haif a second of visual
angle. For this it was fousd that The wire nad to be &t leas? one cegree long.
Shorter wires had to be fhicker. $ilhouetted squeres were seen at angles of
only 18 seconds. Conmsitering leagth and width, squares were more efficient
visual targevs thaa fin2 iinas by about a fector of three. |In another test
1t was' demonstreted <nzt ttz seeing of fine wires in horizontal or vertical
meridians was suparicr to such seexn; in obligque orientations. This may be
of Interest to anyome toncarned with imagery because there are, 2pparently,
no dioptric fectors to accouat for such’ selectivity. In another siudy of
visual texture discriminztion and depih percep.|on, resul?s are belleved to
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show thet cownectivify detectlion is basic to both of these viscal tasks a-d
that M Is 3 more primitive process than form recognition. From such tests
a8s these one may anttcnpa.e furthér understanding oi The vx;ua! procass
hlch may be of servnce to.the imsgery a.alys.. - , _
» T e Bt
In actual pracflca, +ha aballTy ?o see and ?he obJe-fs thzt one sees co
not necessarily conform to theoratical findings. - This is. par?:cula..y evident
in photoznalysis whare much of what is written on the sudjecT is reported as
the results of tesis Involving either purely mechenical bases or human vision
under Prescrnbed conditions. There is no doubt that.much of the Tesfing and
reporting is both valid and valuabie, and that the better reac analyst is The
most versatile in appreciation of his own visual processes. Howaver, it must
be realized that tha experience of photoanalysts coes not occur under controiied
conditions but rather over the full reanga of light, conirast, osject veriety,
and scale of necessary definition. Tha purpose In cartograssy is to reproduce
as faithfully as possible exdctly what is seen on the photcgrapny used for
that purposa. That cartography and imagery analysis are two cdifiarent fields
of compatence is s*rongly avoweld by anyone who has changed frea the former to
‘the laiter. There seems to have beea litTie anves.lga*non o+ what an analyst
really sees ca photo imagery and the mantal comparisons and processes dy which
_he produces his findings. It is not surpriSing thet the meture 2nalyst hes
. developed retlective and reasoning abili?ies that are not veritied.

sowr
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Stereoscoplc Vision

There appears to be some confusion a2s to Just how stereocsconic vision
takes place, both as a visual a2ctivity and with ressecT 7o +he atirisutes
of the two tmages tha+ enable i+ to result In three-dimensionzl perception.
The exact nature of the scelng process Is obscure end Is not a part of the
current discussion. But the attributes of the two images Thzt zre detected
and analyzed In the visuval process which results In stereoscopy a2re the
subject of some concern and ¢ifference of opinion. On the one hand it is
sald that stereopsis will occur when correlztable stimuii are out of phase
with respect to some reference system such 2s another sev of correlated objects.
Any mechanism which can detect the correlation beiweén the binocular stimuli
and also detect a difference in their phases can yielcd representation of depth.
Fusion is not necessary. A slightly diiferent dimension is given Yo the problem
In consicering disparity, prodzbly the mostT responsible facvor in stereo zcuity.
It is sald that disparity exists between two points when they occupy clfferent
visual direction. Disparity is an adequate stimulus for stareopsis when
there are other points of different disgarities in the fleld; only similar
objects can fuse and therefore conly sifiilar objects cen be seen in dapth
when thay 2re disparate. The fusion concept fails to precict outcoma where
depth eccurs without disparity excezt on thg outer edge of the pattersas.
Elsewhere It has been said that monocular acuity desends on a process of
boundary recognition, whilst stercoscopic acuity relies on pattera recognition
over large areas. It Is not excected here To expiore ths subject furvther -
except 1o observe that the exast nature of the process is important to the
photoanalyst because of its bearing on the processing of film To be used in
stereascopic study. If it is not known whather the effect of fusion or
dispz—ity, or the reccgrition of edges of areas, is the more imjortent, there
is a quastion as'to the dasired processing of an indivicual negative or positive
for special study purposes. Solution of such problems 2s These should be sought
from actual operational =material and varied processing rathar than from
laboratory test objects because the latter do not include The nzvura, variables
which are found in the former. -

-

k clearer, mere meanlfngful conce;t of stereoscopy a2s The photoznalyst
makes use of IT is contaized im racognition that the absol!iTe convergence of
a single point never determines its agparent depth in a sterzoscspic Imege.
Its relative convergence with other scints Is used by the brain ‘toilocate it
with ragard to those other peoints after the general positicn of the image is
fixed. In binocular vision there is a fixed Tie betwean accomrodavion and
convergence. Thus in looking 2% 2 point two feet away the eyes are focused

for a two-foot distance and the axes of the eyedballs intersect 27 two feev..
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Regardless of the distance of ths fixavion point, nearly vhe same angle of
convergaence always goas with 3 given focus, only varying siightly for objects
not directly In front of the observer. CSoth change together as objects of |
different cepth are ‘viewed. In starsosco;ic vision +this esvablished tie is
broken. The two views of tha poia? on the stereccraph determinsg the
convergance. This convergence changes with changes ¢t sepe2ration betwecn
different polnts on the two views. However, the accemmcdation remzins
constant, l.e., the focus of +the eyes Is either fixed for the cisvance from
the eyes to the stereograph or by a distance c¢ictated by the lenses of the
stereoscope--usually infinity. This spilt of the accormodaTion-convergence
habit is the outstanding difference betwean binocular and steresscopic vision.
Since the eyes 2re presenied with a situation foraign to birocuiar vision,
the psychological interpretation tends ¥o differ from.that of binocular

vision.

In very simple stereogréphs containiag only separavie poinis and lines
and viewed without a stereoscope, the resultant interpretaTion fends to
place one prominent point cr plane of the plcture-~callad the "fixavion"
point or plane--in or near the plane &7 .the plate. Thus one point is
approximately determined from the accommodation. The depth of the rest of
the points of the picture are interpreted from +his point in accorcdance with -
both the rela*ive convergence with this poimt and the other depin factors
relating the points and objects to each other.
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CHARACTERISTICS OF THE 1VMAGERY
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Tone - : ) :

The total Image on overhead photography exhibits a variety of related
condltions: +one, brighiness, surrounds, sharpness, znd contres”: whose
effects must be evaluated In order that object recognition and cascription
may be accorplished. Of these, tone and brightness-are direct aspecis of
obJect appearzance and result from light modifications as the odject rmoculates
or attenuates the Incident radiation both in intensity and color. The

quantitative relationship between the light or photometric InpuT to 2
" photographic system and the output of “that system is expressad ia terms of
fone of the developed photograph’ image.’ S ' :

Tone, generally defined as color qua!lty or value, or & disTinguishadle
shade variation, Is detectible as visidle differences or vexvurai velues in
the gray scale or density level on black-and-white phovogirapay. iT is the
overall tonal quality that mzkes one photograph immediately more a27TTraciive
t+han another, and the texiura! quality of individuzsl portions ¢v the phovograph
that give It character. A very small inequzlily in the tornal ievel of a
positive may play a significaat par+ in the information quaiity of 2a Imzge

" reproduction, and careful coniroi in The photographric laboreicry is essentjal
to first class imagery. For specific purposes, such as imzge énnancement,
the tona quality of adjacent portions of the film may be veried by controls
in the reproduction process. '
Tone reproduction is concerned with the relatioaship that exist’s between
~+he object and its .Image. There are two distinci phases in ine ccnventional
approach to the solution of tone reproduction probiems. Tha first phase deals
specifically with the objective or physical relationships oi the tone repro-
duction cycle. The second deals with the sudjective or psvychogitysiczl factors
which relate to the human observer. It is in connection with vhe first, or
objective, phese that:analytica! methods of pervicuiar interest o enginears
have been develcped. For the photoanzlysi the main coacern is the relaTionships
between -tone differences on the photographic copy in use and the assurence with
which he can derive the image +they represent in order to ideniidy and describe
the original represented by thet imege. By tonal and textural evaiuation he
distinguishes betwesen a flat, 'smooih, hard survace and one with notable depvh
or minor Irregularities. A functioning railway (Figure 15) appears different.
from a rail line under construciion where the rails are lacking. Fard fopped
roads differ from dirt surfaces, grassiands from shrubbery as & ground cover,
a corn fleld from a meadow. : : =
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Brtgh:ness

As changes in wavelengtn of llght cause changes In tone, so changes In
Its amplituce resu!t In luminosity or brigatness changes. Erightness of
Individual colors Increases with in.ensify or amplituce of iignT and is
highest in yollow light. Eut in this senso it must be |.f|ngulsbed from .
the curve of energy of the spectrum which rises, with wave.ength, from the
violet to the red end. BrighTness is The atTributve of a lighT source by
which It appears 1o emit light from 2" minimum for very dim to 2 maximum for
very bright, the measurement 'e?ng in lamberts or carils powsr per square
centimeter. With the use of a photometer it Is possible to messure differences
In brightness varying on the orcer of one to several million. Vision is said
Yo be at its best when brighiness contrasts are about 1:20, anc without visible
discomfort if less than 1:100. WMuch iower contrasis are disceraible. Flash’
glare or spot glare causes strzined brightness accommocation. The optimum
level of brigniness varies with The image. . )
Actual levels of brignhiness vary wi h clarity of f"a &vmoszhere, the
time of dzy, angle of Tha sun, aad the sedsca. Verietion with clarity of
the atmosphera Is well illusirated in difierences in photograzhy on clear
and hazy days. Objects of different -rightness In clear light are said'vo
suffer the same proporiionai reduciicn in brigntness by heaze. Wivth increasing
light scatter the difference tends *oua rd unity of brigntness, and Tneredy to
decrezsed confrast. -
Differencas resuiting irom vime of day a2re well recognized by aircrafy
"crews who fly sapying coverage, their flights generaliy 3&.ng restricted to
the time of day in a desert region when the 2ir is czlm, or in 2 humid
region before air humidity reaches uncesireble concentrevion igver in the
day. The relation of photogrephic orig*fness TO angie of Tae sun is ilius-
trated by the desirabiiity of shadows suificien? to show some @gevail duv nov
to obscure brighiness and outline of retlated |Mages. Seasonal cdifferances
cut across zll of thesa. One xnves?iga or found, for example, “hat in
Washingion June morning lignT is brigater and June aiterncoa lighv ig duller
than Decerber's., Strictly seascral ciiferences include The cark quelity of
burgeoring vegevarion or The a.0eco o7 snow cover.
The rangs of brighiness which can te accep?ab:y recorded represents
the usefu! range of a photogrzphic metericl. invisidiliTy is experienced when
emulsion sensitivity is insufiicienT to reccrd an overweak |ight scurce. .
Irradiation results when the upper .imit of brughrness is overreacred. Wnen
specular reflection or overdrigaTness occurs the emuision sufiers excessive
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particle activation and the resulting Image Is only a nom!nai representation
of the object. There are instances when specular reflection from small
objJects such as wires or other smooth metal objects thus bring into the
range of detection Images that could not otherwise register within the |Imits
of the resolving power of the film, The useful range of negative film is
greater than the range of brightness In the vast majority of subjects .-
photographed. The exposure scale of positive materials Is much less, and
in general the higher the gamma to which it is developed the lower !s the
materlal's latitude of capability. =~ PR

" tdeally, & photographic objective should be capable of reproducing

- sccurately the full range of brightness in the object photographed. In
order to do so, It Is necessary that each area In the image receive light
- only from the corresponding area in the object. When other than true image- .
forming light falls upon the image area, an adulteration of brightness occurs .
and #he.photographjc reproduction lacks the brightness quslity possessed by ...
.the orlglnal subject. If the negative image were periect,-and -the.brightness "~
of the photo copy, transliucent or opaque, varied exactly with the.brightness_ __ __
of the negative, the photographic image brightness should be comparable to . .
- that of the object as seen by the human eye. Because exact rendition of .___ ...
brightness falis to occur at each stage In the process,-the [deal.image Is___ ___
never fully realized. - * . . - : PR

- e -t

.
» -

. . .




e b o

° ' : o
S | O

Surround
P

The surroundings, generally called the surround, of an object are
influential In Its detection, enhancing the possibility when differences
are notable, minimizing it when they are minimal. Probably the most notable
difference, and one often overiooked, Is the general site location. A man~ -
made site is most apparent In an otherwise natural setting (Figure 16). A
misslle or Industrial site In the wilderness, a frequented waterhole?} .
5, o trail across the desert: these are most obvious not because of- ..
size, luminance, or tone; but because of differaences In context. While it
is true that what the analyst sees depends on the perception of differences
in luminance and tone, and that these are used to distinguish an object
¢rom Its surround, it Is Important to bear in mind that the term surround
encompasses an overall view of the site In which anvobject occurs. In this
respect we distingulsh between surround and contrast. .

- -An object. a"i'\y'w_t';er'e:fé' recognized because. It has di¢ferent %one or o
brightness from Its surroundings. Brightness difference allows a distinction -.

. of the border between an object and its background, which, according to tests, - -
‘can be rated as a product of the area and the luminance, one decreasing as the --

other Increases. With low contrast object and background the size of the

object must be greater in order that the brightness differences can be detected. -
It has been sald that larger targets require less contrast but more total flux -
8s the srea Increases unti! a certain stage Is passed when.the required contrast
becomes independent of area. Although It Is also reported that the greater the
ratio of length to width the greater contrast required, 1t must be rea|ized

that under fleld conditions this is not necessarily true. The relationship

also varies notably with shape and fine detail of a complex object. '

14+ Is difficult to compare profitably actual photographic analysis problems
with such laboratory test serles on object and surround. In test studies the
objects are most often simple geometric shapes of different shzdes from biack to
white viewed under different brightness conditions. Under field conditions it
Is only rarely that the analyst seeks a simple geometric object or a uniform
tone. The surround of an object is stable on any single or stereo view, but
the contrast between the two parts of a stereo pair may be revealing. This 1s
mainly as a result of the luminance and tone and not because of the change In
the surround as such. The effects of variations in ‘luminance on recognition

~.of an object on 2 dark or |ight ground is difficult to equate with the effect

of object size, shape, and composition as it actudlly occurs on éne set of
coverage in corparison to another. It is the analyst's feel Ing that there needs
1o be a clarification between the objective concept of surround and the analyst's

Interpretation of the word.
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Sharpness of Definltion - R o

" e - N .

Sharpness of definition relates to Image clarity rather than to contrast
os © term denoting differences In either brightness or tone. Thus It s not
precisely synonymous wlth contrast, although the two are known to act together -
40 enhance or degrade the value of the photo coverage. For exampie, 2 hazy
stmosphere degrades the definition of the object by diffusing the light before
it strikes the object, as Is exemplified by lack of shadows. At the same time
the atmosphere lowers the photographlc contrast, reducing both brightness and
tone. But the two differ in thelr effects on Iimage clarity. Although the
general effect of flare (non-image-forming 1ight) Is to Increase [iluminance
of every point of the camera Image and to reduce the contrast, it Is sald
that over a limited range of exposure 'a certaln amount of flare, or for that
matter haze, can actually Increase contrast In the negative. It Is possible
for the overlay which affects image quallity to be elther lighter or darker
than the object of attentlon. ; e

. In addition to brightness contrast and tone contrast, Image clarity Is

affected by the depth of focus of the lens, by the position of the object

image on the fiim frame, and by the relation between sun angle and camera,

In optical terminology the term depth of focus means the total allowable -
variation of the sensitive surface, from the position of best focus, within .
which the image Is toferably sharp, according to a given standard of perform-
ance. In serial photography the range Is understandably wide and the image
clarity variable. V" . ' N N 4
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‘Object distortion can be thought of as variation of magnification with
fleld angle. All other things being.equal, an object Is most perfectly
dofined a+ the nadir of the frame. |1 tends to be degraded with position .
elsewhere by lwmperfection of the camera lens (no lens Is perfect), by the
increasing distance of the object, by attenuvation of the image, and by the
look angle of the object. The desirable look angle of an object Is not
necessarl ly the same as the desirable mensuration angle. The look angle on
vertical photography has been sald to be best If shadows fall toward the
obser\(e_r,/ | - R A i e we e e e s ..

-
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{ " But the presence of shadow often obscures detalls which are more . . "
- limportant than comfortable viewlng. 7= " 17 T T D -
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subjective sensatlon, re¢ -s to the quallty aspects of g’ “fographs assoclated
with which ease of visibiilty occurs, while sharpness of .n object Image

refers to ‘the degree of resolution of element detall as Is determined by . _ -

granularity and resolving power of the £lim, - R
Mechanically, the outline of a black object on a white background.ls _

_ & sharp line, and the object's dimensions can be precisely determined,” = = -

Theoretically, the contrast In photography of a black and white test object =~

should be equally distinct. But, because the photographic emulsion s made™ "

. ..up of myriads of miniscule irregular particles, the line is not a-sharp cut

batween the white area from which all color-has been removed and_the black . "7 °
area which has suffered no effect from exposure.- :Instead, there Is a ‘Zone, ..
however narrow, of gradual change between the black and white. The quality-
of a8 plcture Is closely related o the shape-of the curve which describes

the brightness transition from a light to a dark area,- the-edge gradlen‘!f;_ o

A R SR S

-~ - »

- The-character of that zone, the steepness gradlent of the curve revealing_.
the remalining emulsion density contrast, or the- sharpness .of the_Image outline,
is referred to In photogrammetry as the edge gradient of the spatial--induction,-
depending upon whether the Investigator Is concerned with the steepness or ~-=_

"7~ declivity of the most nearly.vertical portion, the "edge gradient;  or- the width.
of the zone, measured horizontally, between the-density plateaus. of the pure’ -
-. white and pure black, which is referred to as “spatial Induction. " In the R
. _.mechanical derivation of an objfect Image on photography -the_edge gradient may--
be empioyed to distinguish the most probable locations of object perimeters, -
= from which mensuration Is possitle; or the width of the zone of gradual change,”
by means of which..a.longes? or : shortest distance-between object perimeters T
permits .a greatest or least size to be attributed to the object as a whole. _~
The proceduie, however, Is not attogether that simple because. : data 2
for the photographic rission, as well as object position on the trame, are_
entered. Into the machline calculation to accoun} for additional mechanlical =~ ~
variations in Image responsz.”fAnd, -just-as the visual_analyst's photographic -
— .Jmage clarity or.sharpness of definition Is subject to environmental conditions"
and-optical limitations in determining the object's-absolute position and slze,
- 50 the photagrammetrist has prattems of equal complexity In his determimations--
 made from mechanlcal resporse to ihe photography)-; R P
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Contrast T R
Contrast Is the expression of difference In brightness, color, or tone,
ond In serlal photography analysls It Is used to denote recogn!izable differences
“In both mechanical and visual stimulation. In mechanical conslderations, _
negative contrast Is defined as the difference between maximum and minimum.
densities of the Image. In thls context the contrast of a duplicate positive
may depend on the brightness range of the subject, the degree of exposure of
the fiim, or the degree of development, often confused with gamma which Is
relative contrast. The terms contour, border, and outline are equated to
- contrast location. In.that they are used to Indicate “the narrow region that .. .
saparates something from something else on 'a photographic Image or other two-- -
.dimenslional representation. In photogrammetry contrast differences are measured
i @ varlety of concepts such as spatial Induction, edge gradient, object . -
madulation, modulation transfer function, and others. Each of these is basically.
ae snalysis of the horizontal or spatial difference between two adjacent, _
- mepsurably or visibly different- fractions of--the Image, or between two recog- -
- niizeble differences In density of the emulsion. Unfortunately, In the emphasis
‘on mensuration 147 1s™ frequently the deriving of -the-exact.locationof & -- — ...
_ boundary line that appears to be the most Important contribution expected of
"fhe-phoTo anatyst: = That analyst-makes- s distinctlon between a target which =~ -
can be discriminated and described because of contrast and the evaluation of -~ -
a minute area which outiines dlfferences of brightness or fone, such as are L
~*~.the subject of_laboratory studies of contrast. ST S DRI e
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—-—--—~Contrast- has -been.equated. with_brightness range of a subject; completely-
disregarding tone. But contrast may also vary from weak to strofig according =—=-
to the degrea.of differentiation between-tones of a photo Iimage. Pattern.._.  ._.
recognition by the visual analyst depends as often as not on non-adjacent T

* variations In contrast, elther luminance or tone. In this context contrast _
has .long .been used_In a descriptive sense rather than as a mensural quality....
And, as the Imagery analyst uses [T, contrast—canm meam the comperisen-of —.—-o_
relative luminance and tone differences betwéen two or more sequentiai images - - .
of amobject, === ~—-- - .. il e e - . : o
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Visually, though not for mensuration purposes, the exact edge of a contrast
nead not be precisely located, but the concept Is confused by statements which. ...
weite distinctions between surface contrasts on opposite sides of 'a line of
seperation, and the implication that contrast occurs directly at the border.
I+ Is true, photogrammetrically, that a contrast effect takes piace at a line
of separation, but In imagery analysis the actual contrast between two things
Involves two areas rather than limitations of the edge or space separating
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> ““oh~a-black background, for example, will be resolved if they are about.fjve™ ~'7".

> 1+ wlll resolve from 20,003 feet details ten feet apart on the-ground-1f __ ----..:

' . . '
. ‘ ¢ )
the two. When sharply outlined edges or contrast borders occur In photo
iragery there Fs no detectible Increase in contrast across the borderline
as distinct from the contrast of adjacent areas. As a matter of fact, in
analysls experiencé on aerial photography there Is, probably more often

t+han not, a maturai decrease of contrast near the edge. A few examples

- wilil serve 1o lliustrate. A concrete highway does not Immediately abut the .

grass or farest cover of the area it transits. Invariably there are ]
shoulders or disturbed areas with intermediate tone. A sianted or rounded .
roof loses contrast. near the edge, due elther to differential reflection
of_light or to diffraction. A pond of water Is almost Invariably surrounded

by a molst but not surficially wet shore zone which Is_frequently undiscernible
on black-and-white coverage but nicely detectible in'certain-chromatic - -

— . em- %
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The behavior of object contrast, both as to brightness and tore, must-- .. '
-be considered in the recognition or detection performance of 2 photographic
- system and the resolution-of a standard fiim type. According to a report .
on tests on object recognition it has been found that if a lens is found to. I

om

have an angular resolving power of, say, 1:2,000 for.detail of contrast 0.2, = .

their contrast with their surroundings is 0.2, but much smaller objects will
‘be ‘seen In the negative If their contrast ig-high enough. ~White objects ... .

feet apart. Conversely, objects of lower contrast than 0.2 will.be seen In: ---
the Imagery only if they are larger and more widely separated than ten feet. -
In this case the contrzst differences are due to object and background tone .-
and not to changes In fuminous flux or brightness from test to test.__ . . T

-

I+ should also be remembered thai single objects wiil.often bé recorded ——.
ot sizes smaller thar. the Limit of resolution for two adjacent objects. -As ™ o
the camera gets-farther away from an object, its._image at first gets smaller ™™

4= > o s o

.. In accordance with the laws_of geometrical optics, but eventually a Stage Is--7—-

reached at which the-patch of Light is the smallest that the lens will glve. .
~1f the camera continues tuo-receda the size of the image remains about the- .- . __
same, but I+s contrast with the background diminlshes, since less flux-enters :-=-.
the lens to be.concenirated In-the luminous patch. The distance at which _ . -=-

the ohject finally vanishes in the negative depends mainly on its contrast~ . - -

with the background, though the contrast of the emulsion also has~some- .-

. influance. The shape of the Imege at This stage is malnly determined by-the (Z..
characteristics of the lens and bears little relation to the shape of the .- - -
object, but I+ will be recorded in soume fashion from much greater distances ‘~-—.
than might be expected from the resoiving power as determlned-by- standard Tesra

‘ee sman

P T L e
- ae L0 EERIAE Y S bl




®. L .
A : R iene L [

-

tests. As an example of this kind of effect, negatlves taken from 10,000

feet with ‘an eight-Inch lens wlil often show the white broken llnes painted

on roads for traffic control at corners; the Indlvidual white patches are

of the order of three inches wide, while the ground. resolution from that
distance with that length- lens is approximately two feet for black-and-white- -
{ine test. The nomina! resolving power of a lens-flim combination has L

.therefore to be used with care in attempting to predict the size of objects =

which can be racorded from a given helght; some thought has first to be given - -

to thelr nature and the contrast with thelr background.. =~ ° -

One of the greatest probleéms In plicfo reconnalssance Is caused by low ‘
levels of contrast. After Identifying the existence of a contrast there is
concern, photogrammetrically speaking, with the linear shape of the line of

differentiation, or its acuity. In much of the test work reported on photo-

- grammetric studies, emphasis has been put orn ‘the premise that visual acutty

depends In_.large measure on the ability to percelve contrast at the border -
of the object. 1t has been suggested that the critical .region of a target - - .
Is a ribbon Just -inside its perimeter. - T e——.

- * -
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- = -When mensuration is.attempted the-sharpness of a contrast becomeés™-——--
objectively Important, as does™ the abruptness with which the variation takes
place. ' Attempts made to correlate sharpness ratings with” physlical -measurements - --
of some aspect of the developed Image have not- been entirely successful. Nelther

‘resolving power mor simple density relationships across an abrupt boundary -

between |ight snd dark areas result In satisfactory correlations with_sharpness

.-ratings. Because the existence of contrast.is the more clearly discernible

and the~less adapted.to determination of Its origin, the greater-emphasis In —
photoanalysis has been placed on its quantification.and, as 2 result, the

term contrast is mow most commonly used to indicate the density difference-or—
edge gradlent. Whether, photogrammetrically, a contrast is a contour fo be )
percelved, a spatial deviation-to-be_resolved, or an edge gradient, there is ~*
more to the concept of visual analysis than a3 mere dimensional-value, and™" -
more o interpretation of photo Iimagery than definition of perimeters. -

—

.. The detaiis of an objécf, as they appear.'“l.r.xwddbi icate poslfive;trans- LA

. parencles, are often incapabte of.deflnition. They may have suffered

...
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reduction of coftrast which-always obscures somé of “the smaliest details of - .
any object. In visual analysis-that-obscuring’is not-necessarily synonymous ~ ~

* with lack of object identification. Mensuration of the minute detail.would -~

truly depend on sharpness of contrast between its aréa and Its-surround. ...
But this mensuration activity should occur only after recognltion has taken )
place; and, from the photoanalyst's point of view, the need for mensuration

must depend on determination, by other aspects of the Imagery, otherwise
derived, that the minute detall Is worthy of mensurawp T
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. as distinct from the ‘flare lmage. In this sense the camera image may .be . f_:::-

T

Lighting Defects

the image because of excessive amounts of light being reflected from the_ Jﬂq-:

Other than poor contrast, lighting defects are usually referred to
as flare, light scatter, poor Image quality, or halatlion, which plays - -
tittle, 1f any, part In modern photography. Any report, written or verbal, - ..
which falls to use these or other terms adequately also falls to convey
to its reciplent actual conditions which may be of signiflcance. Any
explanatory term should convey a message. Transmlission of Ideas can be
notably Improved, and even reasonable understanding of the imagery may
benefit, by knowing ahd using each term to mean what others expect it to '~

PN

signify.” Poor Image quality, a catch-all phrase, If used only for the "~ --=-
briefest reporting, may suffice as a general excuse for |Imlted rev!ew.-...-;;__::
Light scatter, used to indicate diffusely reflected light, actually says- <=~ .0 ...

nothing about an Image nor its quallty.  Light scatter and tlare should :;_‘"Q“

be distingufshed from both diffuse and specular reflectlon. The iatter. o
Is also sometimes referred b as glare, because It comes from parflcuiarTy T
highly reflective surfaces and results In excessive Irradiation. Much of T
what Is commonly referred to as elther f!are or. halation is also irrad!aflon. e

B e -
e -“—-'-v_.

In professlonai usage flare refers only Yo fhe non-lmage form!ng l!ghf
coming to the f1!m from |ight reflection within the camera. - Non-Image-__ o
forming |Fght from extraneces sources has Identiflable characteristics” and'““z%:

-~ should be identified by other terms, ' Light scatter results from atmos- ----- '~ . -

L IS A
-

pheric conditions and manifests Itself In the reduction of.contrasts In .

atmosphere [Into the camera. These two effects are clarified in the followlng -
explanation. _ Although the man-Image-forming |ight must be considered.as | 'ﬁ::::

part-of the Image which acts wpon-the- negative material, it is convenient - .. _ _.
In the treatment of the tone reproduction cycle to refer to the camera lmaae

attributed only to the Iight coming directly from the object by virtue of e izem
the refractivé characteristics of the lens sys?em.' The flare Image Is not ~ ..
an Image in the conventiomal sense, since If conforms to no geometrical ___ ~7-:~:

pattern, but a veil over the entire-image plane. Its effect -Is to increase .. _
the Illumlnance of every porm#’cf fhe camera.Image and to reduce. 1he confras..-

¢ e riw. e

One of’fhe s!mples? explanaflons of lrradiafion “is glven In a dlcfionary .
definition, which states that it §s_the spreadlng of "light by the grains of . -
a photographic emulsion causing the developed ‘Image to be larger and more_. .. l:.:
diffuse at the edges than the optical Image. [it is differentiated from SR
halation In Figure 17. To 2 norwmal degree Irradiation” Is caused whenever a . .7~
beam of l!ghf enters an ‘emfsion-because the llight Is always scattered or SR

diffused to some extent by successive reflecflons from fhe stliver- ha[lde-..;~- s
Aﬁ\\.. - . e e “."‘
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grains in the emulsion, :;13 greater the exposure the mo: “;pronounced the
‘spreading of the image beyond the boundary of the exposur< on the surface,
ircadiation Is the term which fully covers both the cause and effect o —
such diffusian of. light. . Coome T

The amaunt, character, and dlsperslion of light are not alone responsible
-for lrradiation effects In photography. Layer thickness of the emuision s
-and its grain slze also affect light distribution at the time of exposure. ..
. . Results of one study, investigating these factors In connection with image - --- - —
__ definitior, indicate that the exposing light diffuses more the longer it =
travels through the emulsion layer, i.e., the thicker-the layer. It-appears._
that definition decreases with-increasing emulsion-thickness, possibly - .- ...
because of increasing light diffusion for thicker iayers where the ftotal ————
amount of scattered light is the same.,— The-heavier-scattering in high. . .. ..7-
silver halide coating welghts offsets the advantages of increased contrast.-.ac. ~«
.Really fine grain emulsions show little Irradiation (Figure 18).._The. mme s ol
_ process of 1ight attenuation in the development of duplicate positives-._. .= =
from original negatives-is ordinarily explained by.absorption.and.scattering ==~
of the {iight by the substance of the image. C e e -
*- '+ A-pAdrnomenon that-must be understood if. analysis of lighting-defects ... .
are to be meaningful is halation. It was coined in the early days of i o
photography when glass plates were used as-backing-for emulsion. It.was. cooel el

shown to arise from light teing reflected from the far side of the glass 7. =" .-

plate, or the standard film backing, and thus affecting the emuision -~ . == o~
beyond what should have been the normal boundary of the image (Figure I7), - ~—-
1+ occurs when image forming ‘| ight passes through the film. Some of the ™ =

- light Is reflected back iato the emulsion and, because of—light-diffusion, -~ --

this light spreads sidewise beyond the boundaries of the image and thus . .

reduces the sharpness of the latter. If a small, strong source of -light is ———-

——.1n the_field, and an especizlly large proportion of light is reflected at an=--..:
appropriate angle the image of tfie point of light 'is surrounded by-a circte--———
or halo--whence the name. Halation is comparatively small when the thickness
¢f the emulsion is so grea%t’ that the emulsion absorbs most of the image--—---——-
forming 11ght, -or when-the elisision contains. the diffused. light-so well that —_ --
little passes through the file. In current practice-an opaque backing is. .- ..
used for both glass plates and camera film. In 2erial photography nonhalative 1 ::
tilm Is now used exclusively and with such success that-film experts report:-—-:: —
that hatation is no longer a probiem. However, those who have -not investigated -
its meaning persist in using-halation as an expression for light defects of. - -~
all sorts, of which irradiation, flare, 1ight scatter, and specular reflection
are Important in present photographic practices. Each of these has a -._.;.=il.:
particular meaning which is as important to the photographlc analyst as are. =.— =
the exact meanings of tone, contrast, and other terms which give his work-a .......
scientific base. e T —
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GBUECT RECOGNITION AND IDENTIFICATION e
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"y A principal conclusion of objective Interest is the observation that
under uniform [!lumination, such as found under cloudless dayliight conditlons
. In 2erial photography, the.luminances of a group of.subjects will be directly
proportional to thelr reflectances. A principal alm of the several technlcal,
photogrammetric’and photographic skills is to provide aerial coverage in
which the reflectances will be proportionately Imaged. This is a point_of _
contact In imagery between the objective or engineering aspects and the
. subjective role and operations of the imagery analyst. .. . . e
3 -  The recording or definition of an object on phofography Is obviously
not the same as object recognition as a visual performance. |+ has been
sald that the most urgent task in the general problem of qualltative
. evaluation of a photographic system or of Its separate elements--photographic
. material, lens, etc.--is the establishment of a clear-relationship between
the: results of objective measurements and the visual perception of the image.
In photography the capadbility of defining the object depends on the sufficiency
ot film quality and processing for adequately registering the object. "Visual~ -
-~ recognition requires an object size and clarity that are within the range at )
which the éye; with or without_supporting optical lens, can detect the Image
because it exhibits a sufficient lateral stzes—The-object. must be above the
limit of registraticn of the photographic system currently in operation. —= - - =
Recognltion of small objects is enhanced by sharpness of.outlines, closely
related. to graininess of the film, and by the clarity of detail, a subjective -
term that signifies overall appearance or_good seeing quality of a piece of
_fiilm, which Is quite often related to-contrast. . The objective basis of small
cetall readibil-ity-dis. In_the photographic capability of the combined film . .
and camera system. The problem has becn “separated-into_jts component parts
in the observation that,-with highest,. black-and-white contrast, the sma}iness=
of detectible objects-Is-a measure of the capability-of the photographic system
or the absolute or differential-seasitivity of the eye... These conditions are - '
readlly differentiated in photographic amalysis. =~ ~" ™" =—-em._ .~ "
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;2*‘ For the Imagery analyst the maln concern.is the assurance with which he
distinguishes character differences of the photographic copy in use and-with. ._-
nhlch_he_recqgnizes'fhe details of the. image In order to identify the object---—-.
represented by that image. For him imagery analysi§ consists of -two different . ..
processes, Image detectlon and recognition and object identification and _~ =~ 77
Cescription. As the’mew analyst familiarizes himself with imagery he draws -
on several’'unrelated experiences. He has looked at ground photography and so
lis acqualnted with landscape imagery as such. ' He has looked down on landscapes
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elther from & hill or mountain or from an alrcraft and thus recognl zes
layouts and tonal differences. He realizes that many elements of a
jandscape may be perfectly famlllar and Identiflable, but, If put to a
test, he knows that in no view wilil he be able to identify everything.
Some of the elements will be as unfamlillar to him as 2 word on paper is
to the lilltarate. And some of the elements will be too small scale for .

seeing.

2 - His groafes'l' help ln early sfages af tra!nlng comes from lookfng at -
Imagery~and. having pointed out to him the Images of things with which - R At

he Is famillar, roads, bulldings, alréraft, trucks; and representative .. _ "

patterns. —This makes him a photo reader: But he becomes an-independent = -~ ::

snalyst only when he studies the vaveritled coverage and discerns some'rhlng -
for vhich he has had no previous evaluation. Only experience, a conditloning -

. process, tan make a dependable analyst of a photo. reader, but he'can bé — ——___

o e

amazingly.assisted along the way If he knows why hé-discerns only so much - <77

T —,

at any siage lo_his training. . An analyst acquiring skill In Identifylng -~ - St

and desa?lblng-speclalfy o'b_;ect's ‘Industrial sites, miiltary installations, -;_

ITEIERAET N or whatever, will learn wore slowly than the analyst-who— ==Ll

already has competence in Znother speclalty field because the latter will ™" T
know from .experiénce what specialty competence Involves. Detection requ lres -.3:

" only-the -recognition that there mey be something of Interest at.a- particular . ...

spot o 2 photograph. Recogmifion requires areal |imitation; identification_
means astablishing the essentiial character; and description Invdlves- recounf- ——
ing or classlfylng crlﬂcal features.— in reflection, it seems rather " . .

- . -

sppreciation of tonal varlaﬂ'ons. : L

A wide varlefy of tests has been made to measure an Indlvldual's abltity -
to see as a-physical performance arid as a mental perception. When this
ablilty Is apptied to-skill En reading photography the question bécomes - - '
terrifically involved because very llttle serious attempt has been made to - T
distinguish- just what the analyst can be expected to see physlcal ly from C
what he may be able to Imterpret and rationalize because of special. knowiedge
or skiill 'In a certain fletd which may be of-photographic_concern. .It.is e
doubtful that the quantities derived from any number of relatively simple —_*- s
vision,, de*l'ecﬂon, percepticn and recognition tests can add up to an adequa're -
conclusion of the total quality of an analyst's-performance. HIs recognition - --_
or detection performance may rate Mgher or lower 'rhan his abllH‘y 1'0 Idenﬂfy
aslte. -

-

-
—— .

Lot us 'I'aka, as an éxamle, the recognlﬂon of an Instal lation made up
of six ar elght corwonent parts in more or less well defined arrangement... ~_:'_: ‘_-
It photo scan reveals most of +them, the expert analyst Wil know where to ==~ -~

-’
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wa'rch for the missing blits and recognize ili-defined but nevertheless
a9tectible Indicators near the threshold of vislon. Falling this he may
wnow whather there Is enough assurance in the parts he sees, and the con-
gition of the photograph, to postulate that the installation can be

verified without them. At thls point the seeing, or visual aculty, must
se distiaguished from the mental, or subjective, activity. e i

Throughout reports on vision the term threshold Is used In {rrecon=-
clisdle connotations.- It Is commonly used In a step-sequence sense such
o3 drightness difference or contrast thresholds, which are only detectible
verlations of 8 quallity raiher than the introduction of-a new effect. The . _
sirolest use of threshold, in its unique meaning as 2-point of beginmning,.. - —..
Is the threshold of vision, which has been defined as the minimum o
porceptidble {uminance after adaptation -to utter darkness in tes* sttuations . = _.
nas becoms complete. Such a test.involves a person sitting in a dark room, '
snwing that, after his eyes’ have become accommodated to the dark, a faint-————-"
tight wiil come on in smali step Increments_and that he Is to indicate” = "
{rmodiately his awareness of the light at whatever stage he first'detects — . =
it. This Is a measure of a person's brightness perception, but as itis -
relihor detection nor recognition of an object image, this threshold has T e
~> real place In.photo apalysis.. . .. = . o ' -

P
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. Another use to which threshold has been put is the threshold of
recognition, or of recognition or detection, as if the two were identical.,” ™ =
Kere thresho!d Is used §n a meaning of significance to the photo analyst. . -7
lmyse detection Involves simply the awareness of a presence, suchas Is _.... ..
Irdicated In the statement that objects In tests be large enough so that-- —--.-...
the cetection threshold is not a limiting factor. In other tests where ;
¢.rn thresholds are to be compared there is not a real threshold but a . -
resulremant of recognition, or ldentiflcation, which are goals of The photo .
sralyst. "In the form test-cited it was found that the form threshold varied
dirgztly with the ratio of perimeter-to area and-.Inversely_with the magnitude 77—
of critical detall., Put In practical terms this means that with’3 given area .
s clrcular form Is more easlly distinguished than a2 square, rectangle, triangle,-
er lrecsular form, and an Infricate desiga would be most ditficult—This-does. - .
rot re3n that a photographic image of one form could bte detected more readily '
*san that of another but, rather, that in real life simple forms are resQived -~~~
073 recognlzed more readiiy-than-complex oneSe_.— . .- ... e e
. as o8 3se Fhem T . -
image outlines In a camera fiim are depentlent on what has been called
1re cumulative effect of averything affecti 'Ilghf from the object to the
:+,2*ological system of the observer. The ablilty 1o see or to distinguish =~ = -
small cotalls of an Image aiways remalns a goal of the photo analyst because =
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the more he can exfréc'f from a photo Image the more ro.Tned his Interpretation
can become. -The photo analyst recognizes the small details both objectively .
and subjectively. If a simple Image Is large enough to be reproduced the
task |s a matter of observing shape, ares, and other attributes that can also
be measured and described equally well by another photo analyst or a photo- - —
grammetrist working from the same plece of flim. However, the .imagery ---
 analyst Is rarely concerned with Identifying 3 simple shape or-.image... He . =~"-.
is generally-concerned in whzt may be called-instal jation analysis-to -differ-. . -
entiate It from component analysis or area analysis. True, he must evaluate .
the area or slte location;-and atso-the minor compqnents or-smatl -items that _--- -
are dbfined by-contrast perimeters.. But his most important functiom 1s-the _.- -
knowledge or Judgment he uses -in evalyating -the--Imagery- to- compare -such - - - -. -~ .
attributes -as site-size, location,.and layout or pattern with_the various: . = -
components whose relative arrangement and proportions, are colTectively . . .. ...
Inticative of the Installation purpose and capacity. The evidence of con- .
stsuction or vperational activity at the site or In proximal or. Iike_-locations__ ..
is also.important. "Only thewell ‘quallifled analyst:can:fully. equate-these ———_ ..
sifiributes -with the performance such an object would have.- And it the outline==-
andi detal] are vague he zay discern. sufficient detail to deduce whether what ... --
- he--Is viewing has In fact certaln features that he.knows should or_should.not . _...
be there. Co ' : .
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in this s1'udy aﬁempf has: been made 10 dlscuss phofo analysls in
-eneral and Its problem areas In particular from the viewpolnt of the visual
..,gysf and to Include basic factual or experimental data on which that
a~alyst car draw to understand why and how problems and ilmitations in -- = .:.
s-alysls occur. The scope, depth, and treatment of the material Is expected
+y serve three distinct purposes. First, as a l!nk ”befween the actlve - .. .
l s~alysts and- the non-Imagery analysts@Ei T oarisiins TR 1t s
-acessary that certaln ground rules, so to sfﬁ 12k, .be recognized In order
nat both groups know why sometimes the Imposcible is faced and why It js ~ "
i srattalnable. Second, as a 1ink between the Imagery analysts and the - -
-~afograme1'rlc, pho’rograph!c and engineering profes.,lons, i+ has been T
,:3gested-that such a discussion of visual analysis problems may be useful -
in dlrecﬂng improvement In both the imagery ard ite con'tenf and ln the
cdjective support provlded to ﬂ\e visual analys«*\ TS e ULl
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. Last but not least, as 2 falrly ‘compiete coverage of analysts! problems____
i and activities;—it should serve_as a_usefui reference. |t may be read simply
esr Informational purposes. It presen'rs symmary~ Tdeas—and-a wide -variety.. .. _.
of toplcs that are open to elaboration, discussion, and probably to disagree-
ront. |+ may serve as an Invitation and a starting point for airing and
vachanging Ideas. I+ should evoke suggestions and means for Improvements
’ in what the analyst does as well as what he produces. it should prove
-seful In helping anyone Involved In Imagery analysis or Its benefits to
tace problems more realistically. I+ is meant to explain the basic
'ifference &and resulfling confllict between visuval analysis and the subsidiary
sctivities that go into the analysis as such 2nd Into Its exploitation and
'csulfs. Most of all, I+ Is meant as a catalyst to clear up static concepts
‘n order that the dynatc funcﬂons of 1'he art may be used as a basis for
- velld procedures. )
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