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ABSTRACT

- The mgdulazLon 't rans fer function of optical instrumcnts to
view Or eﬂlarge photo raphir rransparencies are dvtvrminablt from

a knowledge ¢f the Fy ' modulation requirement and the amount of

SN NSSC = S

modulatio: and granU]ériry or the transpareocy Two hypotheti1cal

cases illustratt the ?pcrxfxcarlo. of the roquir¢d porformancv of
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i
a viewer or enlarger]: It is concluded that the mod\latxo~ trans-

fer function of vjéﬁe s and eolargers shovld be very high at all

the spatiaﬁz%}édtéﬁg

up to the limitdug resolut ion contaided in

e _
the transpareucy. +
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INTRODUCTION

4

For photography which is viewed by means of an optical sys-
tem or is optically enlarged, it is desirable to have a rational
approach to specify the required optical performance. Any text'on
optics gives the basis on which maguification and field of vigw can
be specified, but the resolution performance is not covered, In
this discusslon, it is shown how the modulation transfer function
analysis commonly applicd to the pho}ographic acquisition process
cﬁn be extended to viéwors,l"J The benefit of this approach is that
it &8 based on the physical procossvs_involéed, that‘ig has been
proveu accurate forvcémeras, and that it is easy to apply to the
viewing of any particﬂlar photography

In what follpw%, the method will be explained and illustrated
with hypothecicél exaéplusb While these are meant to be pnysicallyr
reasonable cases, o;hér workers are cautioned Lo cXlrapolate cau-
tiously, Ar prcicrabli, to apply the‘method exaftlv to any photog-
ﬂiaphy for which they Qish to specify the performance of vLQwrrs»
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APPROACE TO PROBLEM

General

Aerial photographs are obtained by camrras which, {n air-
borne operat(on; have ﬁodularion transfer functiors, T(k), similar
to that shown in Figure 1,; these funcrions usually decrease stead-
{1y as the spatiaffn-;--;n(-nryJ k, increases Such cameras will pho-
tograph objects, for which the Fourier combonvnrs will have all
possiblc modulations gfoutrasti), MO, from bigh to vcrv_]ow, Con-
sequent 1y, the correséonding moduilation in the exposure (acrial)
image whick impiages éw the emclsion, My, will ravge from high to

very low since
Ma T(k) Mg

Even for high contrast objects, for which M = 1, M,. decrrases to

* - . 12 3
very low valies at high spatial frequencies because T(k), decreases.

For the image ©f the Fourier component of an object to be
resolvable on the film, My must equal or excerd a modulation de-
_ : . hnb _ et
tectability limit, %U I+ general, Mp is a function of the
shape of the object, ;h9~granularinv of the film, and the spatiail
frequency, Selwyn7 has shown the eve to require Mp - 0.032 for
long lines on grainlﬁﬂs film; for USAF 1951 targets,s the relation

is more complicatvd;“ and for other shapes, still other values of

- Mp are required,
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Figure 1, Typica‘hli Hodulation Transfer Function of Airborne Camera
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After the latent image is developed, the transillgminated
negative will have a modilation, My  The useful portion of this
modulation is that in which the éignsl modulat for, My, exceeds ;he
noise modulation, MD,‘ fhis useful portion of modilation is then
reduced by the transfer functiaon of the viewer (or enlarger), and
only those obje(tq for whlch the resulting modulation still ex-
ceeds the eye's detectability limit wj]l be resolved As has been
shown préviouslng'the'relatton of HT and My is complicatéd, and
HT is qométtmcs greatex than M,. somet imes equal to MA. and some -

t imes less than My - MT and My will be assumed here to be numer-
{cally equal,‘whichlis approximate!y correct if a wide range of ex-
p&sures is probable;%UThe analysis for cases when My ig no! equal
to M, is analogous té‘whar follows, |

Further, in d%ér foflows, we §Ssume the obiect shapes are
such that Mﬁi. 0.04‘ whxgh is probab1y rather reasonable for man
cultural sh;ﬁéﬁ (Howeer, the eve's modulation limit is not yet
well established aﬁa §s cerragnly variable.) Also, for illustra-
Live purposes, T(k} o%’aefLa1 photography is assumed to be gaussian,

which is a reasonable approximation to actuality

Case 1

In Figure 2,,the modulat ion requirement of the eye, assumed
i
0.04, LS showv The \pper curve {s the exposure modulat ion avail-
oo

able from objects w&th H 1 where T(k) is assumed gauss:an The

,
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MODULATION
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HIGH CONTRAST
OBJECT

MEDIUM
CONTRAST
OBJECT

MODULATION AVAILABLE
" TO FORM IMAGE IN CAMERA

MODULATION REQUIRED
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LOW CONTRAST
OBJECT
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Figure 2, Avallable Modulation vs. Resolution Requirement
for Eye Limit of & Percent
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spatial frequeacy is normatfzed +och that it has . value of 1 0
when My 0.04 for M, T° Thes. this would be the spatial fre-
quency cited as the aserial camera's limiting resolution under the
best conditions, 100 cyclea/millimeter for instavce, Similar curves
have been drawn for MA’whvn Ho 0 72 {(medium contrast), and M,

0.023 (low contrast).

One well-know: fact is immediately obvious == the low con-
trast resolution limit is lower than the Ligh  For rhis illustia-
~tive case, it is 75 percent of the high contrast spatial frequency

Himf{t, that is 75 cycles/millimeter if the latter is 100 ¢« les/

millimeter,

Now, recalling that the eye needs Mp== 0.04, it is ~lear

that the viewer's modﬂldl;OH transfer function, Tv(k), must be
rvck)lz .02 :
My

where My My is assumed This is illustrated in Ficure 3. where
the requiréd modulation transfer fonctions of vicwers, arc shown
for the low, medium and high contrast images cousidered in Figure 2
Also shown {s the re'-q\:iz‘..-d. modulat ion transfer function for a very
low contrast (M, - 0.06) object, illustrating that the viewer re-
quires a high modulatiow tracsfer fuancrion at all spatial frv;;rn-

cles. On the same graph, three theoretical (diffraction) limirs

}

of incohervntly illumjnated clrcular aperture viewers are shown .
:‘,4v . N
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Apprqved For Release 2002/01/02 : CIA-RDP78B04747A002500050023-5 -

i 3 o
/ IR o
FRrE

i Do s g P - ; oo
BEd e f veo ' ool e



MODULATION TRANSFER FUNCTION
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REQUIRED MODULATION TRANSFER FUNCTION
TO VIEW PHOTOGRAPHS OF ’
OBJECTS OF STATED CONTRAST

Lo VERY LOW

3

ATTAINABLE MODULATION
TRANSFER FUNCTION OF
- VIEWER WITH STATED HIGH
CONTRAST RESOLUTION LIMIT -
(IN UNITS OF NORMALIZED ‘
SPATIAL FREQUENCY)

o} ; ; l l
) 0.5 ' 1.0

NORMALIZED SPATIAL FREQUENCY

Figure 3, Required Viewer Performance Compared With
- Attainable Performance for Eye Limit of 4 Percent
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which c0u1d ba ﬁLhiyVﬁd by a VLeWtJ thh a hlgh conLrast ruiolullO?

s % 5 -
lim{t 10 tipgs 4hat,o£ the aexlal camxra that is 1000 LYCI&S/mlllk

meter if the!ca&cr§;1 mit is 100 nycl;s,mxlllmeter.
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For the Partic lar uase Lllustratgd i Fxgug;s and 3, a

dlffractLon 1Lm4tud v ewer, thh hxgh contrast Y(SQLULLOU 3 thLp

that of thc ac:gal ﬁdTQId has lost BbouL five pkr(ent of LHe cam-
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era's letting rebolu;Lo It is Cleat.LhaL & viewer WLLh a reso- .
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lution limit on}y equql to that of the acrial camera gives up about
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twgnty-fiVe'perinnt bﬁ‘Lhc available high contrast resolution. .
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Case 2 L o - : P
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In this gaac the object shapes are assumed 1o be, such that |

‘

B R :
granulartty eutérs 1pLu thé modul¢ti0n detectability limit, and a
hypothetical Curvc i% showa in FLguxe 4. Thbe other, curves in Fig--1

o et e T
} v : !

} ., N 4 1.
ure 4 are stmtlar to these in Fxgure 2, normalized in the same man-

4
ner, i
IR i oo
Since ‘a Qortibd of ;he rosolg;ion limit, the gxau»larLLy
I i 2 : | :
modulation,‘xﬁ,zis aibo lowered by Lhe viewer's moduldkxov,L:ans'
SN
fer fuaction, the "n? {50 modulatxoq, My, will be 5
IR T ! k
s : i
1/2
['r (k)n“] ¢ [0 oa]}
Climit is again assumpd to be 0,04 and§;v(k) is
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e HIGH CONTRAST
‘- ORJECT

MODULATION AVAILABLE
TO FORM IMAGE IN CAMERA

B MODULATION REQUIRED
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LOW
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| ]
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Figure 4, Available Modulation vs. Resolution Requirement
for Granularity Limit of 15 Percent
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the modulation transfer function of the viewer The "signal' mod-

+

ulation, HS’ will be

Ms Tv(k)MA

where HA is the ‘aerial tmage modulation which is again assumed

numerically equal to the modulation of the grainless trarsillum-

inated negative.

Thus, to have "siygnal”™ exceed "noise™, we require that

0.04 .
v 2 2 1/2
(", " ) ,

On this basis, the curves' for required viewer performance age

shown {n Figure 5. Again, theoretically achievable viewer perform-

ance is shown,
CONCLUSIONS

[t is clear that the simple kind of anzlysis illustrared
in this discussion can be applied to the photograpby of any object,
permitting precise specificati.n of the optical (ransfgr function
of the viewer (or ?nlarger) In any actual case the numerical re-
sults will differ somewhat from the illustrati?v values, but the
general viewer reguirement of a high modolation transfer funcrion
at all spatial frequencies up to the limitivg resolution of the

aerial camera is invaridnt As a gencral rule of thumb, it would
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Figure 5. Required Viewer P
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seem that the high co#trasn resolution limit of the viewer should
be perhaps five times that of the acrial camera bccagSv tire modu-
lation transfe;‘function of mos: vievers will not-approach the
diffraction limit use§ La the 1llu;(rul[on5, As a lower bound,
the viewer limit probably ShOle-be twice the camera limlt to
avoid prohibitive losses, and as an upper bound, it apprars that
very little is to be gained if the viewer limit exceeds the cam-

era limit by more thar a factor of ten.

A related consequence of this analysis is that cameras with
very high spatlal frejuency resolution place even greater demaunds
- on viewers,; and since there is a practical limit for viewers, an

even lower ligit cxists for aerial cameras.
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