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May 13, 1965

PROGRES3 REPORT ON THE FEASIBILITY
OF AN AUTOMATIC FOCUSING SYSTEM

I. Summary of Work Performed.

A. A re-evaluation of the thecretical principles under-
lying the autofocus sensor showed that a modification of the
original scheme was required., This, however, does not adverse-
ly affect the overall program,

B, 3Solid state focus sensor panels were prepared and
tested. They were found suitable for proving the operating

principles.

C. An optical unit was designed, fabricated, aligned
and tested. It proved satisfactory for the project except for
its light gathering power,

II. Analysis of Work Performed.

A, Theoretical.

A re-evaluatien of part of the theoretical prin-
ciples of a sclid state autofocusing sensor is presented to
show that a modification of the original auto correlation sen-
sor is necessary to produce a suitable autofocusing sensor.
However, the modification of the sensor does not significantly
change the total autofocusing system.
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- It has been established that the total current I flowing
across the solid state correlator is given by
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where L 1s the intensity distribution on the aufface of the
correlator and 7 and 8 represent the displacement of the image

on the opposite face of the correlaiior, The valve of the inte-

gral is determined largely by the product appearing in the
numerator of the integral. Thus, 1t may be appreciated that
the total currvent is approximately proportional to the corrda-
tion function of the two dlsplaced images given by
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The following theorem was proved in the appendix of the
proposal: "The peak value of the autocorrelation function for

a defocused image 1s less than the autocorrelation for the cor-

responding sharp image."” With the help of this theorem it is

how possible to derive an optimum focus candition. The theorem

statez that
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where ,ﬁ?yfai is the autocorrelation of the defocused image
and “fL; that of the sharp image. Another way of stat-

ing this is that in order to optimize the focus we need to make

f?@ £ of as large as possible.
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where !_A }} is the illuminance function given by
Flxsf w4 CC ) ‘5(}& »}  is the illuminance function

of the sharp 1mage and a@ PRI, iz the convolution
with the spread function due to defouusing. £ 5ﬁf5j will
be positive definite and it may be readily shown that a condi-
tion for best focus can be made more general} namely that the
integral
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be a maximum for /4 >/ or a minimum for %7 </ .

Under the conditions for correlation given by equation
2, the current given by equation 1 will be a maximum when the
two images are in register. Bawaver, under the conditions
of autofocusing given by aquatianwﬂ, equation 1 reduces to
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which 1s independent of the correlation function and just equal
to half the current through elther side of the (ssc) alone.

If the current density ﬁ/gfggyj is given by
A . s, (7
7inr) = AL ixy) ()

then the equation & can be written
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which means that I satisfies the conditions of equation 3 for

b E 7 . Thus, any non-linear photodetector can be utilized
to implement the criterion for autofocusing. It need not be
a two layer device since for a single image only the 1/2 in
equation 8 1is lost,

B. 8olid State Focus Sensor Panels,

After experimenting with a number of matrixes, we
have produced a photoconductor system with a large light to dark
current ratio having an # as defined by equation 7, of less

than 0.5. The system consists of a commercial powder gf;y'{ﬁ“i}mj
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Sylvania PC-102 homogenized in a RV-615 silastic binder and
drawn on a glasé plate having a conduective NESA coating. The
mixture 1is drawn with a doctor knife device to give a plastic
film 4 mils thick having a dense uniform distribution of photo-
conductor grains. The plastic film 1s sprayed with a silver
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loaded conducting paint and cured at 150°C for 30 minutes.
Flgure 1 shows the current through this sSystem as a function

of dlisplacement from focus of the 1mage of a medium contrast

35 mm siide, The output of two such sensors can be combingd

by a differential amplifier to operate an appropriate servo
focusing device. Sublinear photoconductors such as the one
above offer good sensitivity, but a sharper minimum than is
possible with . = .5 would be desirable, Materials exist
with Y as_large as 3. greater than 1 gives a maxi~
mum, and when ” iz greater than 2, the system has an effect-
ive gain greateg‘than unity which would give sharper focus,
There 1is good indication that sintered layers of SRS with
high copper content will exhibit superliinear photoconduétivity
between 2 and 3,

ate

C. Optical System.

Te evaluate solid state sensors for both autocorrela-
tion and autofocusing applications, we have designed and built
an optical test rig. This optical system iz shown in Pigures 2
and 3. The system takes a single beam of 1light and produces
two images. These images, both real, are mirror images of each
other. Mlcrometer adjustments are provided both with respect
to focus and register,

IIX. Summary of Work to be Performed in Next Interval.

4. Preparatlon of more sensor panels wilth higher non-
linearities,

B. Evaluation of Autofocus performance with these 8EN80Ors.

C. Projectlion of system capability with improved panels.,
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