Volume 30A, number 9

/L

. ‘L Q¢

PHYSICS LETTERS

7 s
/ ¥/

29 December 1969

OPTICAL APERTURE SYNTHESIS USING SUCCESSIVE EXPOSURE
OF A SINGLE PHOTOGRAPH AND SPATIAL-FILTERING
"LOW-FREQUENCY REDUNDANCY'" SUPPRESSION

G. W. STROKE
Electro-Optical Sciences Center, State University of New York, Stony Brook, New Yovk 11790, USA

Received 2 Decembexr 1969

A high-resolution "full spatial-frequency range" optical image may be synthesized by superposing in
a single plate a suitable set of low-resolution partial frequency~-range photographs, obtained separately
or simultaneously, with "low-frequency redundancy" suppressed by spatial filtering.

There has arisen a considerable interest in an

optical synthesis of a full spatial-frequency range,

high-resolution photograph, I synths "equivalent"
to that
Iocl',y") = ffolx, ») hoc(x' - x, 9" - p)dx dy =

= O(x,9)®hoe (¥, )

which would have been obtained by a high-aper-

ture (high ratio of aperture to focal length) optic- -
al system, in cases when only smal-aperture low-

resolution optical systems are realizable or
available. [O(x,y): desired full-frequency range
image; 2oc(x,y): the corresponding point-image
"spread function” produced by the "complete"
aperture.] The author recently proposed theoret-
ically and verified experimentally [1] that the
synthesis of the high-resolution image could be
realized in optics, in incoherent light, by direct-
ly superposing in a single photographic plate the
sum Iy, (%, 9) of the component, partial fre-
quency-range, low-resolution photographs, each
produced by suitably chosen sets of small-aper-
ture optics. The synthesized image is

I'synth = %wn[o ® Rgy) s

where J,, are the spread functions [2] of the
component images. The "weighting” factors w
may be readily realized, in part by exposure-
time duration and suitable photographic process-
ing, and, in part, by suitable spatial filtering of
the component photographs, before (or during)
superposition (for instance by partially attenuat-
ing their "low-frequency” region in the spatial
Fourier-transform domain, e.g. as in fig. 8,

n

page 102, ref. 2). In the original experiment [1],
carried out as a model, we verified the new op-
tical image-synthesis principle (also known as
"optical aperture synthesis") with the aid of a
"one-dimensional” varying frequency test chart.
We have now successfully verified: 1) that two-
dimensional image synthesis is readily achiev-
able with available photographic methods [1], not-
ably with "half-tone" scenes, 2) that the "low-
frequency" "background" (redundancy) associated
with each of the component photographs can be
readily removed by spatial filtering, when ne-
cessary. The theoretical basis of our method was
given in our ref. 1, together with its relation to
the well-known radio-astronomical Sir Martin
Ryle "aperture synthesis" method, using elec-
tronic computers [3], and with complete refer-
ences [4]. Our new experimental results obtain-
ed as a model are shown in figs. 1 and 2. [The
television half-tone test object was kindly supp-
lied by Prof. D. Gabor and CBS Laboratories.]

As in ref. 1, we simulated the exacting position-
ing requirements of the component aperture sys-
tems by placing suitable aperture "masks" in
front of a large-aperture photographic lens.
Complete theoretical and experimental details,
and obvious extensions and applications, includ-

ing astronomy, acoustical imaging and spectros-

copy, will be given in our ref. 5.
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Fig. 1. Photograph of test object through component

[1 X 1 mm2] aperture. The corresponding (MTF) "mod-
ulation transfer function" T is equal to the auto-cor-
relation function of the field produced by a monochrom-
atic point source in the exit pupil of the aperture [1,2].
The image, about 13 mm wide, was obtained in ordinary
incoherent light from the 90 mm wide object, using an

f = 240 mm Schneider lens [1].
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LOW-FREQUENCY FILTER—

Fig. 2. Synthesized image obtained by exposing a single
photographic plate successively through the sets of pairs
of component apertures, [0+ 1, 0+ 2, 0+ 3] horizontal
+[0+1, 0+2, 0+3] vertical, such that zot one of the
small apertures was larger than that used to obtain the
"low-resolution" photograph of fig. 1' The MTF func-
tions Tg1, etc. shown correspond to the horizontal com-~
ponents. The "low-frequency filter" (shown schematic-
ally in position in the spatial frequency domain [1,2])
was not needed in the synthesis shown. In practice, the
component photographs may be taken simultaneously
(or successively) by separate, suitably pre-set com-
ponent systems. The synthesized aperture Osynth (suf-
ficient in this case for illustration of the new principle
with the horizontal and vertical bars in the test chart)
and the aperture OC are shown for comparison, and

the MTF functions are drawn separated for clarity.
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