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The Optical Specification of

Photographic Viewers
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Norwalk, Conn.

ABSTRACT: The modulation transfer function of optical instruments to view or
enlarge photographic transparencies are determinable from a knowledge of the
eye's modulation requirement and the amount of modulation and granularity
on the transparency. Two hypothetical cases illustrate the specification of the re-
quired performance of a viewer or enlarger. It is concluded that the modulation
transfer function of viewers and enlargers should be very high at all the spatial
frequencies up to the limiting resolution contained in the transparency.

INTRODUCTION

FOR photography which is viewed by means
of an optical system or is optically en-
larged, it is desirable to have a rational ap-
proach to specify the required optical per-
formance. Any text on optics gives the basis
on which magnification and field of view can
be specified, but the resolution performance is
not covered. In this discussion, it is shown
how the modulation transfer function anal-
ysis commonly applied to the photographic
acquisition process can be extended to
viewers."™® The benefit of this approach is
that it is based on the physical processes in-
volved, that it has been proven accurate for
cameras, and that it is easy to apply to the
viewing of any particular photography.

In what follows, the method will be ex-
plained and illustrated with hypothetical ex-
amples. While these are meant to be phys-
ically reasonable cases, other workers are
cautioned to extrapolate with care, or pref-
erably to apply the method exactly to any
photography for which they wish to specify
the performance of viewers.

APPROACH TO PROBLEM
GENERAL

Aerial photographs are obtained by cam-
eras which, in airborne operation, have mod-
ulation transfer functions, T'(k), similar to
that shown in Figure 1; these functions us-
ually decrease steadily as the spatial fre-
quency, k, increases. Such cameras will
photograph objects, for which the Fourier
components will have all possible modula-
tions (contrasts), Mo, from high to very low.
Consequently, the corresponding modulation
in the exposure (aerial) image which im-
pinges on the emulsion, My, will range from
high to very low since

My = T(k)M,

Even for high-contrast objects, for which
Mo=1, My, decreases to very low values at
high spatial frequencies because T'(k), de-
creases.

For the image of the Fourier component of
an object to be resolvable on the film, M4
must equal or exceed a modulation detect-
ability limit, Mp.*® In general, Mp is a
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F1G. 1. Typical modulation transfer function
of airborne camera.

function of the shape of the object, the
granularity of the film, and the spatial fre-
quency. Selwyn? has shown the eye to re-
quire Mp>0.032 for long lines on grainless
film; for USAF 1951 targets,® the relation is
more complicated;* and for other shapes, still
other values of Mp are required.

After the latent image is developed, the
transilluminated negative will have a modula-
tion, My. The useful portion of this modula-
tion is that in which the signal modulation,
My, exceeds the noise modulation, Mp. This
useful portion of modulation is then reduced
by the transfer function of the viewer (or en-
larger), and only those objects for which the
resulting modulation still exceeds the eye's
detectability limit will be resolved. As has
been shown previously,® the relation of My
and M4 is complicated, and My is sometimes
greater than M4, sometimes equal to M4, and
sometimes less than M4. My and M4 will be
assumed here to be numerically equal, which
is approximately correct if a wide range of ex-
posures is probable. The analysis for cases
when My is not equal to My is analogous to
what follows.

Further, in what follows, it is assumed that
the object shapes are such that Mp=0.04,
which is probably rather reasonable for many
cultural shapes. (However, the eye’s modula-
tion limit is not yet well-established and is
certainly variable.) Also, for illustrative pur-
poses, T'(k) of aerial photography is assumed
to be gaussian, which is a reasonable approxi-
mation to actuality.

cASE 1

In Figure 2, the modulation requirement

PHOTOGRAMMETRIC ENGINEERING

of the eye, assumed 0.04, is shown. The upper
curve is the exposure modulation available
from objects with My=1 where T(k) is as-
sumed gaussian. The spatial frequency is
normalized in such a manner that it has a
value of 1.0 when M4 =0.04 for M,=1. Thus,
this would be the spatial frequency cited as
the aerial camera’s limiting resolution under
the best of conditions—100 cycles/millimeter
for instance. Similar curves have been drawn
for M4 when My=0.72 (medium-contrast),
and My=0.23 (low-contrast).

One well-known fact is immediately ob-
vious—the low-contrast resolution-limit is
lower than the high. For this illustrative case,
it is 75 per cent of the high-contrast spatial
frequency limit, that is 75 cycles/millimeter
if the latter is 100 cycles/millimeter.

Now, recalling that the eye needs Mp
>0.04, it is clear that the viewer’s modula-
tion-transfer function, 7',(k), must be

0.04

MrT

where Mp= M, is assumed. This is illus-
trated in Figure 3, where the required modu-
lation-transfer functions of viewers are shown
for the low, medium and high-contrast
images considered in Figure 2. Also shown is
the required modulation-transfer function for
a very low contrast (M,=0.06) object, il-
lustrating that the viewer requires a high
modulation-transfer function at all spatial
frequencies. On the same graph, three
theoretical (diffraction) limits of incoherently
illuminated circular aperture viewers are
shown. For example, the upper curve is that
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F1G. 2. Available modulation vs. resolution
requirement for eye limit of 4 per cent.
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F16. 3. Required viewer performance compared with attainable performance
for eye limit of 4 per cent with grain limited photograph.

modulation-transfer function which could be
achieved by a viewer with a high-contrast
resolution limit 10 times that of the aerial
camera, that is 1,000 cycles/millimeter if
the camera limit is 100 cycles/millimeter.

For the particular case illustrated in
Figures 2 and 3, a diffraction limited viewer
with high-contrast resolution 3 times that of
the aerial camera has lost about five per cent
of the camera’s limiting resolution. It is clear
that a viewer with a resolution limit only
equal to that of the aerial camera gives up
about twenty-five per cent of the available
high-contrast resolution.

CASE 2

In this case, the object shapes are assumed
to be such that granularity enters into the
modulation-detectability limit, and a hypo-
thetical curve is shown in Figure 4. The other
curves in Figure 4 are similar to these in
Figure 2, normalized in the same manner.

Since a portion of the resolution limit, the
granularity modulation, Mg, is also lowered
by the viewer's modulation-transfer func-
tion, the ‘“‘noise’” modulation, My, will be

My = {[Tu(k)Mg]? + [0.04]2} 172
in which the eye's limit is again assumed to
be 0.04 and T,(%) is the modulation transfer-
function of the viewer. The “‘signal”’ modula-
tion, Mg, will be
Mg = Tv(k)MA

where M4 is the aerial image-modulation
which is again assumed numerically equal to
the modulation of the grainless transillumi-
nated negative.

Thus, to have ‘“‘signal” exceed ‘‘noise,” it
is required that

0.04
(A,IAQ — J,IGZ)U?.
On this basis, the curves for required viewer
performance are shown in Figure 5. Again,

theoretically achievable viewer performance
is shown.
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FIG. 4. Available modulation vs. resolution re-
quirement for granularity limit of 15 per cent.
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F16. 5. Required viewer performance compared with attainable performance for eye limit of 4 per cent.

CONCLUSIONS

It is clear that the simple kind of analysis
illustrated in this discussion can be applied
to the photography of any object, permitting
precise specification of the optical transfer
function of the viewer (or enlarger). In any
actual case the numerical results will differ
somewhat from the illustrative values, but
the general viewer requirement of a high
modulation transfer function at all spatial
frequencies up to the limiting resolution of the
aerial camera is invariant. As a general rule
of thumb, it would seem that the high-con-
trast resolution limit of the viewer should be
perhaps five times that of the aerial camera
because the modulation-transfer function of
most viewers will not approach the diffrac-
tion limit used in the illustrations. As a lower
bound, the viewer-limit probably should be
twice the camera-limit to avoid prohibitive
losses, and as an upper bound, it appears that
very little is to be gained if the viewer-limit
exceeds the camera-limit by more than a
factor of ten.

A related consequence of this analysis is

that cameras with very high spatial fre-
quency resolution place even greater demands
on viewers; and since there is a practical
limit for viewers, an even lower limit exists
for aerial cameras.
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Model AP/C!!

.« « A super first order photogrammetric triangulator and plotter that is
also a general purpose digital electronic high speed computer? ? That’s
the OMI-NISTRI ANALYTICAL STEREOPLOTTER SYSTEM,




