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ABSTRACT

This is the final technical report for a Bionics Image Recognition System.
This report provides a description of a learning device which can be used to
seek and test for an optimum discrimination values between two planar geometric
shapes placed on 35 mm slide transparencles. The slide image shape-informaetion
is transformed from a function of two independent variables into a function of
a single independent variable, Specific values of the transformed imege shape~
information are used to determine the best value for discriminating between
any two imeges. After this operation, the device is capeble of classifying
additional planar geometric shapes as being similar to one or nelther of the
original two shapes which were discriminated.
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SECTION I

INTRODUCTION

This report is submitted as the final technical report of the
effort conducted since January 1965, by the LTV Astronautics Division, LTV
Aerospace Corporation, under Contract AF 33(615)-2317 on a Bionics Imsge
Recognition System. This report up-dates the second interim report and in-
cludes revisions and corrections which supersede the earlier dated work,.

The cobjective of this program was to perform the analytical studies
and instrumentation required to demonstrate the effectiveness of combining
the concepts of statisticel image transformation and probability state vari-
able device into a Bionics Image Recognition System. This system is capable
of performing a learning and sorting function in a small universe of arbitrary
optical imagery. Analytical studies were undertaken which lead to the
development of image recognition systems performing tasks of greater complexity.

This work extends the previous effort originated by contractor-
sponsored studies at the LTV Astronautics Division, which led to the definition
of an image transformation function known as the PF(d) statistical image
transformation, which is characteristic of the "shape” of a planar optical
image falling on an optical plane or retina. The original proposal by the
LTV Astronautics Division resulted in the award by the Psychological Sciences
Division, Office of Naval Research, of Contract Nonr 3831(00) in May 1962,
and was further extended in January and September of 1963 for the purpose of
further anslytical end experimental study of the statistical image recognition
concept.
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SECTION IT

BIONICS IMAGE RECOGNITION SYSTEM DESCRIPTION

2.0 INTRODUCTION

The Bionics Image Recognition System consists of two major parts -
the statistical image transformation system (SITS) and s probability state
variable device (PSV). The SITS generator 1s a device which transforms an
image into a functlon of & single independent variable PF(d). The PF(d)
function is actually & very simple function that can be used to express the
geometric shape of & two-dimensional imege as & function of & single dimen-
sion. Thus, the Pp(d) function is & function of reduced complexity compared
to the original shape-function, yet retains informetion capable of distin-
guishing between the shapes of different images. In the present Bionics Image
Recognition System, it is required to have & PS5V device which is capable of
learning two optimum values of two different Pp(d) functions from two dif-
ferent lmages, say A and B, and then switching to a sort-mode and classifying
subsequent images as either telonging to the A or B or "No-Decision” class.
Figure 1 provides a general block diagram of the system.

The objective of combining the SITS system with the P53V devices
is to preprocess the input irnformation or the lmage such that learning can
be accomplished from a less complex input. Thus, the intelligence level
required to make the ildentification necessary is reduced. Alternatively,
only the most significant signel information is retained with less signi-
ficant information being discarded, so as to make the selection process
more distinct.

2.1 SITS GENERATCOR

The SITS generator creates the Pp(d) function. The method used
for generating the Prp(d} function involves the nutation of a displaced image
with respect to the original image. The amount of displacement between the
centroid of the original image end the centroid of the displaced duplicate
image is equal to "d." For each value of "d," the displaced image is nu-
tated about the original imsge such that the axes passing through the cen-
troids remain parallel throughout the 360° of putation motion. During this
pericd of nutation, the generator measures the cumulstive amount of overlap
of the images throughout 360° or one cycle. The value of "d" is then
changed, and the apparstus is reset to zero to integrate the cumulative
amount of overlap between the images over the next cycle, for a different
value of "d."

The SITS generator provides automatic standardization of images
such that all similar images yield the identical Pp(d) function. For in-
stance, each circle of a family of circles yields the identical Pp{d) func-
tion., Similarly, each square of a family of squares or each triangle of a
family of similar triangles will yield an identical Pp{d) function, re-
spectively, representative of the set. Accordingly, any planar figure that
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belongs to a set of planar figures that are related by & simple multipli-
cative constant of size will yield the identical Pp(d) functions because
of the integration processes involved combined with the standardization.

There are many ways of producing a PF(d) function for the same
image, all of which are different-valued Pp(d) functions. These different
ways of producing different PF(d) functions for the same image involve
variations of the path over which the image 1is integrated with respect to
itself., In the present design, the path of integration is circular; and
no attempt is made to render a change in this circular path in an effort
to better discriminate for or against a particular class of image shapes.
However, it is interesting to note that if it were possible to nutate an
image of a sguare with respect to itself, where the path of nutation (over
which integration of areas of overlap occur), is a sguare with sides para-
llel to the initial orientation of the sguare image, then the resulting
PF(d) function would be the optimum discriminant function for that class.
Thus, it becomes apparent that the selection of' the path of integration
plays an important role in the optimum discrimination of geometric shapes.

2.2 PSV DEVICE

The probability state variavle (PSV) device presented here is
capable ¢of learning two image patterns at a time and sorting or classify-
ing unknown patterns as belonging to either c¢f these twc classes or pre-
senting a No-Decision answer,

Since it has already been cbserved that images that differ in
shape by a size constant only are called similar and yield identical Pp(d)
functions, then distinct Prp(d) functions are representative of different
sets or classes of images (for the noise-free case}. The learning of an
image by the PSV device then constitutes the learning of the class of
similar images (noise free).

In the P3V device, there are two modes of operation - Learn and
Sort. During the lLearn Mode, the device determines which "d"-value pro-
vides a meximum degree of distinguishability between the two classes of
images being learned, Once the correct value of "da" is determined, along
with the value Py{d) and Pp{d), the device can be placed in the Sort Mode.
An unknowr: image is compared with the "A" and "B" images by determining
Py(d) at the same "d'" previously determined to provide the maximum degree
of distinguishability. Once a decision is made as to whether "A" or "B",
a further test is made which may rule against presenting & selection be-
tween "A" or "B," and, thus the inbibit register can force a No-Decision
answer, which implies that the unknown image is not sufficiently similar
to the class selected to qualify. The inhibit register contains arbitrarily
set values in this simple device, but in the physical world, this inhibit
control would be associated with other elements of the environment. Thus,
the implication of the logic of the P3V device 1s that if it becomes im-
portant that an error in identification of one of the images be prevented,
the inhibit register can be adjusted so as to preclude deviations in excess
of a prescribed value.

N
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SECTION III

ANAIYTICAL STUDIES

3.0 INTRODUCTION

The analytical studies were performed on the utility of using a
point source projection system for generating the Pp(d) function, on the
sensitivity of the Pr(d4) function to integration path changes, on the
nature of the structure of geometricel shapes and related series, and on
the selection of operational test patterns for the Bionics Image Recogni-
tion System.

3.1 POINT SOURCE PROJECTICN THECHNIQUE

In the system which has been designed and which is being mech-
anized, a point source of light from an oscilloscope illuminates a trans-
parent image slide F1 (see Figure 2). F1l is a transparent letter F on an
opague background. The image of the letter F is projected upon the face
of the image storage tube. The image storage tube face is a photo-emitter
surface which emits electrors which are collected by the storage grid, thus
creating an electron imasge within the storage tube. Orce thne image is stored
within the sicraie tube, the mode of operation can bte altered to retainv
the image stored and vermit the rassage of electrors thirough the storage
grid to strike the viewing phosphor, whenever coincidence of illuminated
points exists on both the photo-emitter and the storage grid. Consequently,
if an image is displaced with respect to ite initial position or the posi-
tion for which the storage tube retains & copy of the image, only the over-
lapping areas of the two images will ve displayed on the viewing phosphor.
If the point of light is displaced from its central positioen to a new posi-
tion, "X," the image will be displaced on the photo-emitter surface by a
distance "d." The displacement will permit only a fractional part of over-
lap of the image illuminating the photo-emitter surface with the image
stored internally. The fractional part overlapped is visible at the view-
ing phosphor surface. If then, the spot of light is made to move with cir-
cular motion, a corresponding motion will be produced upon the photo-emitter,
thus causing the image to nutate about a center point.

At the viewing phosphor, there exists a continucus seqguence of
shape that represents the shape of the overlapping images during the course
of one cycle of revolution of the spot of light of the oscilloscope. If
the amount of area shown on the viewing phosphor is integrated during one
cycle, the total area is the value of the P.(d) function for the specific
"d" value used. If the value "d" is changeg, the integrator output is re-
set to zero and a new value of Pp(d) is measured during the next cycle for
the new value of "d." The motion of the moving spot may occur so rapidly
that the phosphor persistance produces a continuous ring. Thus, most, if
not all, of the integration over a complete mutation may occur in the op-
tical system prior to the generation of electrical signals. A photomulti-
plier tube is used to generate an electrical signal from the optical image.



ANIWINDT JO NOLLVALSNTTE AII4TdWIS 7 33914

aqn |
aboioyg sbow|
9opJINg

JALISUBS-0J0Y

24

apig abow|
juaipdsunit |

E

b1 jo 312119
Yiim adoag




A voltage controlled pulse generator then transforms this signal into a
pulse train, the repetition rate of which is proportional to the signal
voltage.

The utility of using a point source projection system such es
described sbove lies in the fact that it is the most versatile system that
can be constructed that insures ease of operation plus economy. The main
disadvantage of such a system is thet contact with the real world is made
only through a projection slide transparency. However, the demonstration
of the feasibility of combining the SITS and PSV systems is enhanced by
the capability of using familier techniques,

The nutation rate of 1000 cycles per second (except during the
erase and write pericds which utilize a nutation rate of 100 cycles per
second to permit adequate storage tube operation) will ensble the Bionics
Imege Recognition System to calibrate each point of the Pp(d) function at
the time a measurement is made. During the Learn Mode, the time required
to calibrate and test a single point on one transparency will be spproximately
0.5 second. The time required may be more or less, depending on the size
of the image itself, The larger images require longer calibration periods.
By calibrating or standardizing each point tested for each new value of "d,"
precision of measurements can be maintained more easily.

The time required for the Learning Mode operation for determining
the optimum test value of "d" between two images is a nonlinear function of
the complexity of mode variations of the Pp(d) function itself. The selection
of suboptimal test values of "d" is random; therefore, false optimum point
selection may consume extra time of learning in the Learn Mode. Nevertheless,
it appears that on the average approximately one minute will be required for
this mode of operation.

Once the Learning Mode has been completed, the Sort Mode can
commence, In this mode, the device will clessify all subsequent images as
belonging to, say class A or B or neither. The speed of this operation will
proceed at essentially the same speed as it takes to manually load and unload
image transparencies to be clagsified by the device.

3.2 THE EFFECTS OF INTEGRATION PATH CHANGES ON THE Pp(d) FUNCTION

It has already been observed that similar figures or gecmetrical
elements of the same set, yield identical Pp(d) functions after size
standardization operations. The effects of integretion path changes on the
Pr(d) function will be discussed after due consideration of the standardization
procedure employed.,

There are two gecmetric measurements made upon which the auto-
matic standardization procedure depends. The first measurement mede is
one of size of area of the gecometric figure. The system automatically
gdjusts its gain such as to provide 32 divisions for the maximum value of
the PF(d) funetion regardiess of its area. Secondly, the system asuto-
matically adjusts itself to seek and select the maximum value of nutation

A ¥



possible, thus arriving at dmg
each geometrical figure, the

dpax &85 its highest value.

for each geometrical figure. Then, for
d-value" selection potentiometer always has

When considering the effects of integration path changes on the
PF(d) function, the standardization operation remcves the constant of in-
tegration. When the nutation path is circular, the Pp(d) function (with
a maximum value of one for d = C and zero for d = dp..) bounds the greatest
area for a geometric figure of a circle., When the nutation path is in the
form of a square, the PF(d) function bounds the greatest area for a geo-
metric figure of a square. Figure 3 illustrates this point, thus, it is
seen that the integration path changes can be used to optimize the PF(d)
function for geometrical figures corresponding in form to the nutation
shape function.

The development of an orientation sensitive transform would then
allow for the construction of criteria such as to identify a class accord-
ing to the maximization of the area bounded by the PF(d) function as a f{unc-
tion of the selected nutation shapes. In the case of a rectangle of exe-
treme dimensions such as would be represented by a narrow streight line of
finite width, the nutation of similar nature would possess extreme sensi-
tivity to orientatlion. The full impact of the utility of such orientetion
sensltive sravsforas Las not beew realized.,

3.3 GuOMETRIC SHAPES AND RELATED SERIES

One of the important properties of the PF(d) function is the iso-
perimetric property. It has been shownl that the first derivative of the
Pp(d) transformation evaluated at d = O is given by

P'r (0) = ~(3/ m)p (1)

where p is the perimeter of the image in normalized measure. This eyuation
is similar to a theorem of Cauchy guoted by Novikoff<e. A proof is given by
Ball3. This theorem is, in Novikoff's words:

"...1if you project a closed convex curve on the
direction making an angie 6 with the X-axis, and
average the resulting projections; regarding @
a3 chosen at random between ¢ and 7 , the result
is 2/7 times the length of the curve."

This may be stated:
Average length = (2/1)p (2)
‘This equation (2) implies a statistical method of determining the
length of an image border (closed curve). The result in equation (1) is

more general as it is not restricted to convex figures.

The values of the Pp(d) function evaluated!l for & circle and a
square are:

10
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FIGURE 3 EFFECTS OF INTEGRATION PATH CHANGES
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Cirele:  Pp(d)

Square:  Pgp(d)
where d 1s the nutation distance.
The corresponding first derivatives are:
Unit Area Circle:

-1/ (VT = -2/VT

P'p(d) = ~1/7 (perimeter)
Unit Area Square:

P'p(d) = -1/m (perimeter) = -1/m (L) = L/7

Being a normelized transformation, the PF(d) function can be used
in the classification of imagery on the basis of shape elone.

In reviewing the derivation and definition of the Pp(d) function
for a circle and a square, the writer observed certain relations between
circles and squares which permit the construction of certain unusual series
ar progressions. An attempt hes been made to relate these relatlons with
the iscoperimetric properties now known,

If a unit circle and a unit sguare are constructed {Figure 4},
and if consecutive alternating squares and circles, respectively, are cir-
cumscrited about these figures, the following progressions can be observed
about the areas In each set of figures:

Starting with the areas circumscribed about the unit circle, they
are:

l) h/”’ 2’ 8/1?‘))4’) e (3)
and starting with the areas circumscribed avout a unit square, they are:
1, m/2, 2, w, 4, ... (L3

These geometric progressions differ from the usual geometric pro-
gressions in that they require two alternating multiplicative factors to
generate succeeding terms of the progression. Also, the same two multipli-
cative factors are found ir both progressions. In addition, it has been
noted that the term for the product of the two progressions yields the pro-
gressions

20, 21, 22 23 b, ., (5)
The multiplicative factors appear as the second term in each of

the criginal progressions since the first term is normalized or unit area.
These terms sre 4/ and #/2. Furthermore, if the perimeter is held

12
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constant while permitting the unit square [progression (h)] to mutate to
& clrcle, the resulting ares is eguivalent to the square about the unit
circle [progression (3)]; or determining the factors required to traverse
miltiple paths between the two progressions without regard to geometrical
transformations, they are indicated velow:

!\\\jL X if{/ 1\5\2. _i:’/ *‘\\EZ. _1?{r_:!‘§SjL iﬁf/ ‘
Y Yy
A JL |
t/ N/ NI/ NI/ \f
9 ® e ® @

The establishment of these given relations represents the pro-
gress to date in relating the properties of geometric shapes to analytic
expressions.

3.4 OPERATIONAL TESTS

Operaticnel tests were performed to test the ability of the system
to select the optimum "d" point signifying the point of maximum distinguishability
of two images and thereafter classifying additional planar geometric shapes as
being similar to one cor neither of the originsl shapes. The ability to
distinguish minute details as well as gross changes of patterns tested. This
provides a measure of the response of the resolution of this system which is
currently guantized to include 32 different step velues of the PF(d) function
in the range associated with normalized Pp(d) function, namely zero to one,

The value "d" is a continuous variable which determines the size of the circle
of nutation and varied manually in steps. The range of the "d" function varies
from zero to dpgy, where dpgpy is determined by actual measurement for each
imege sutomatically each time it is viewed., In sddition, specified sets of
patterns were tested under distorted conditions to test the sensitivity and
selectivity of the inhibit register of the PSV device. In total, over 1000
runs were mede to test the Bionics Image Recognition System.

1k



NUMBERS REFER TO IMAGE SLIDES OF DIFFERENT SIZE
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OPERATIONAL TEST IMAGE MAXIMUM LINEAR DIMENSION
(in square inches)

2.

5.

8.

11.

14,

179

20.

23.

26.

29,

32.

35.

0.71

0.71

0.71

0.71

0.50

0.50

0.50

0.50

0.35

0.35

0.35

0.35

12,

15.

18.

21.

2k,

27,

30.

33.

36.

0.95

0,71

0.67

0.67

0.67

0.50

0. 47

0.47

0.47

0.35

FIGURE 7 OPERATIONAL TEST IMAGE MAXIMUM LINEAR DIMENSION
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3.4.1 Operational Test Pastterns

Imegery used in providing tests for the new system consisted mainly
of a large set of geometric imeges. This set includes composites of portions
of regular figures which are solid planer in form and alsoc hollow planer in
form. These figures are shown in Figure 5 and represgent special geometric
forms which are compatible with the geometric shaepes and related series
discussed in the previous section. EFach figure selected has three magnitudes
of size and 10 trials were used to determine adequate normalization and
consistency of results. Figures 6 and 7 give tables showing the areas and
maximum linear dimensions of images utilized. These are 12 patterns with
three different sizes yielding a total of 36 images. These patterns contain
images which are of equal ares and different d,, values and also images with
equal dp.. values with different areas. Thus, opportunity is afforded for
testing the standardization of both area and dmax directly by read-out of the
correct register, Py or dyay.
3.4.2 Operational Test Results

No difficulty was encountered in producing meaningful differences
for the image pairs glven in the table below: (Figure 8)

10 - 11 11 - 12
13 - 14 i - 15
16 - 17 17 - 18
19 - 20 20 - 21
22 - 23 23 - 2k
25 - 26 26 - 27
28 - 29 29 - 30
31-32 32 -33
3k -35 35 - 36

FIGURE 8 BASIC IMAGE COMBINATION TEST TABLE
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With these besic combinations, an additional number of tests were performed
using each of these for the learning procedure and their corresponding similar
pair for image recognition. In each instance recognition was achieved with

& high degree of repeatability. In addition, other numerocus tests were performed
to gualitatively determine the effect of the inhibit function register on

certain image recognition tests.

In general, it was determined that a dynamic range for Py standardiza-
tion in excess of 4:1 was easily achieved with the equipment theoretical limit
designed for a range of nearly 8:1 for a fixed light intensity level. Within
the achievable range for a fixed light intensity setting, the lower recognition
levels exhibit the most variability due to the limited resolution of the system.
A L&I@ﬂ of approximately L is the least difference that can be used reliably
due to digital round off error and other cumulative effects including optical
errors. Other tests included deliberate misalignments in the optical system
for introducing distortion into the image recognition process. Image recognition

with the large images was achieved with nutation center displacements es large
as 1/8".
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SECTION IV

SYSTEM DESIGN

4.0 INTRODUCTION

There are four basic functions which must be performed by this
¢ircuit, which learns and recognizes images using the EF(d) transform. ‘Yhey
are as follows:

(1) Transform Generation - Generation of a Py signal from an
optically nutated image

(2) Stendardization - The two end points of the Pp transform curve
must be standardized to permit comparison of two functlions, these points being
Proay 8nd dpey
(%? Learning - "Reward" of each new value of "d" 1if it results in a
better value of |APr| than the previous cholice; "Punish” if it does not

(4) Sorting - Comparison of learned Py values with the Pp value of
an unknown image scanned using the learned value of “d", resulting in a
recognition decision,

These four functions can be arranged such that the system is
divided into two major parts - the SITS and PSV sections. These four func-
tiona are arranged such that Transform Generation and Standardization form
the SITS System, while Learning and Sorting form the PSV System. This sub-
division 1s shown in the general block diagram, Figure 1. A more detailed
breakdown can be found in Flgure 9.

b1 SIS = NUTATING SPOT OF LIGHT DESIGN

A technique allowing rapid generation of values of the Fp (d) func=-
tion was sought., A design figure of approximately one second was attained.
This allows for the comstruction of equipment that permits the processing of
a relatively large number of images in a reasonable length of time.

h.1.1 Pp(d) Gensration

A spot of light from a cathode ray oscllloscope 1s used as & polnt
source. A glass slide composed of transparent and opaque sections creates
an image when illuminated by the point source of light. The image created by
the light transmitied through the slide is cast against the photo emltter of
the storage tube. The photo emitter, in turn, iIs responsible for emitting
electrons which are ccllected by the storage grid, thus creating an elsctron
image stored within the storage tube. Once the lmage 1Is stored within the
storage tube, the storage tube mode of operation can be altered to retain the
image stored and permit the passage of electrons through the storage grid to
strike the viewing phosphor, whenever coincldence of illuminated points exists
on both photo emitter and the storage grid. Consequently, if an image 1is
displaced with respect to 1ts initial position or the position for which the
‘storage tube retains a copy of the image, only the overlapping areas of the
two Images will be displayed on the viewing phosphor. If the point of light

21
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is displaced from its central position to & new position, "X", the image will
be displaced on the photo emitter by a distance "d". 'Ihe displacement will
permit only & fractlional part of overlap of the image illuminating the photo
smitter surface with the image stored internally. The fractional part over-
lapped 1s visible at the viewing phosphor surface. If then, the spot of light
is made to move with circular motion, a corresponding motion will be produced
upon the photo emitter thus causing the image to nutate about a center point,
At the viewing phosphor, there exists a continuous sequence of shape that
represents the shaps of the overlapping images, during the course of one cycle
of revolution of the spot of light. If the amount of area shown on the view-
ing phosphor is integrated durilng one cycle, the total area ls the value of the
Pp(d) function for the specific "d" value used. If the value "d" 1s changed
or correspondingly if the diameter of the circle created by the rotating spot
iz changed, the integrator output is reset% to zero and a new value of Rp(d)

is measured during the next cycle for the new value of "d". The motion of

the moving spot may occur so rapidly that the phosphor persistence produces a
contlnuous ring. Thus most, If not all, of the integration of the Py functlon
over a complete nutation mey occur in the optical system prior to the gen-
eration of electrical signals.

Due to the limited brightness of the flying spot, a photomultiplier
tube is used to generate an electrical signal from the optical image, A
voltage controlled pulse generator then transforms this signel into a pulse
traein, the repetition rate of which 1s proportional to the signal voltags.

L.1.2 Standardization of Py Curve End Points

The signal from the image storage tube prior to nutation (the flying
spot held statlionary) represents Pypax, since the projected image exactly
colncides with the stored transparency. This walue must be made the same for
all images regardless of their size or brightness. This is accomplished by
an attenuator which the pulse generator adjusts automatically until a specific
output pulse repetition rate is attained.

Next, the sine wave which nutates the flying spot must be adjusted
in amplitude until the signal applled to the top of the "&" pot Just barely
reduces the Pp signal to zerco. At this point, nutation 1s occurring with a
diameter dpay. Thils is accomplished by an attenuator, initially closed,
which gradually opens until no more pulses are forthcoming from the pulse
generator durlng a specific time interwval,

This standardization procedure must be performed each time an image
is scanned,

h.2 PSV GENERAL DESIGN

The probability state variable device presented here 1s capable of
learning two image patterns at a time and sorting or classifying unknown
patterns as belonging %o either of these two classes or pressnting a "No
Decision" answer.



4,2,1 Learning

The "d" pot is set by the operator who will make subsequent
settings in a creeping random manner, gradually converging on an optimum
value, Image "A" is acanned, and the pulses from the pulse generator
occurring during a specific sample interval are counted as an up-down
counter counts up, Next, image "B" is scanned, and the counter counts
back down again in such a manner that the count remaining is the absolute
difference, |APp|, between the two Py values. This value is stored in
the "A" storage register. This procedure is repeated again with different
settings of the "d&" pot, If the new |A Prl 1s less than the best previous
value, a "Punish" light is 1lit. IXf the new value 1s greater than the best
previous value, the new value replaces the best previous one in the "A"
register, and the "Reward"” light is 1it, This process continues until the
optimum |4 Pp/ is attained. At this time, using the learned value of "4",
the stored value oé}A Pr| is erased, and Py and Py are atored in the "A"
and "B" storage registers, respectively., The system is now ready to
identify unknown images.

L,2.2 Sorting

The unknown imsge is scanned at the learned optimum "4"
getting, and its Pp value stored in the up-down and binary counter. This
value is then compared with the stored Pp values for images "A" and "B",
If the unknown value is closer to Pp, the new image is identified as A",
If it 1s closer to Pp, it is identified as "B",

4,2.5 The "Inhibit" Function

Obviously, the unknown image may be neither A nor B, Or
perhaps we may wigh that a class of images with a specific range of
variations be identified as "A" or "B". Under these circumstances, we
gshall want to define the range of values within which an identification
may be made, For this purpose, an "Inhibit" function is introduced. In
a more complex system, this function may originate from a part of the
system which has learned to recognize entirely different images. In
this device, the "Inhibit" register conslsts of swltches on the control
panel whereby the operator may set in the inhibit value at will, This
function causes certain values of the unknown Pp function to produce a
"No Decision" response instead of "A" or "B", Many different functions
could be employed for this purpose. The specific one used here is
defined in Figure 10. I% will be noted that when inhibit values at
elther end of the scale are used, the system is reduced to the simple
"A" or "B" decision described earlier. TFigure 11 presents a table that
gives the accepted range of the A and B values for the unknown image as
a function of the "Inhibit" reglater for selected values of A and B for
the lesrned images corresponding to Figure 10.

24



SASNOJSIY LYOS NO TYNIIS LIGIHNI 40 103443 01 330914

0g
| I
I 1

8z 9 ¥ T O 8l

d ANV V 40 S3aNIvA

| Y I S T |

9l ¥t
.

Al
i

oL 8

9 0
l_|

L 4§ |

1 1 §7 1 |

TAULINDAID NOILINDODIY NI NOLLONNS

LIGIHNI NV 40 3NTIvA IHL 3LVILSNOWIQ OL ¥3a¥0
NI ‘NOILYLNIWI 1dWI 40 ALIDITdWIS JAILY 13N

ANV ALITILYSH3A SLI 404 NISOHD SYM ANV 'SINO
3791SS0d ANYW JO INO ATINO SI NOILONNA SIHL

"VSHIA-ISIA 4O ‘ISNOASIY 9 V OLNI ISNOJSIN
¥V NV IONVHD LONNYD Ll ‘NIAID 39 NV ISNOJS
"34 8 40 ¥V NV HDIHM 304 S3INTVA 3HL 1214153y

NYD d431S193d LIgiHNI 3HL HONOHLY ‘LVHL 310N

*ATIAILDI LS 02
aNv o1 33V 934 anv vy 40 SINTVA A3NYV3IT JHL
NIHM “¥3LSI93Y LIGHHNI 3HL 40 INILINOD 3H1 40

NOILONMG ¥V SY JOVWI NMONMNN ANV OL SISNOJS3Y
NOISID3a 37181SS0d JHL 40 17TV SMOHS L¥VHD SIHL

Vv

/

| |

|
|
B !

| B

7]

© 3DVdS NOISIDIG ON \

\k\hp

Yy €
I |
N
/ﬁ 1]
i
/T
9T
T4
¥
£T
T4

—+-

[ |
LI

|
I

N

3DVdS ISNOISIN € \ g \
37VdS 3SNOdSIY V

SINTIVA LIGIHNI

25



IF INHIBIT VALUE 1S THE EFFECT ON RANGE OF ACCEPTED
AS BELOW: A VALUE IS: B YALUE I5:

0 0-15 15 - 31
1 1-15 15 - 31
2 2~15 15- 21
3 3-15 15 - 31
4 4-15 15 - 31
5 5-15 15-3
6 6-14 15- 31
7 7-13 15- 31
8 8~12 15=-3
9 -1 15-131
10 10 15-230
H 7 - 11 15 - 29
12 8-12 1528
13 7-13 15-27
14 6-14 15- 26
15 5-15 15-25
16 4-15 16 - 24
17 3-15 17 - 23
18 2-15 18 - 22
19 1-15 19 - 21
20 0-15 20

2 0-15 19 -« 21
22 0-15 18 — 22
23 0-~15 17 -23
24 0-15 16 — 24
25 0-15 1525
26 0-15 15 ~ 26
27 0-15 15 -27
28 0-15 15~-28
29 0-15 15-29
30 ¢-15 15- 30
31 0-15 15 - 31

NOTE: THE LEARNED VALUE OF P5 AND Pg ARE ASSUMED TO BE 10 AND 20, RESPECTIVELY

FIGURE 11 INHIBIT VALUE AND RESPONSE TABLE
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k.5 DETAILED CIRCUIT DESCRIPTION

The complete block diagram of the system as 1t 1s presently
built is shown in Figure 9. Figures 12 througih 33 show the detailed circuitry
or dlgital logic represented by the individual blocks in the complete diagram.
The function of each block is described below.

b 3.1 Optical System

‘lhe optical system 1s represented by Figures 12 and 13. These
figures show the coptical system circuitry and details of the storage tube
control chassis, In Filgure 12, the main components include the onscillo-
scope, the motcr drive and asscciated circuitry, store and erase
xenon flash bulbs, the image st rage tube, and the photcuultiplier tube,

The oscilloscope with a P-11 phosphor is used to produce the flying
spot which projects the 1mage of the slide being wvlewed into the ilmage
storage tube. Although this spot 1s quite satisfactory for the "read"
portion of the cycle, 1t is not bright enough for the "store' and "erase"
functions. For thls purpose, xenon flash lamps, operated by the control
circultry, are used. The "store" lamp shines through a small hole which is
optically superimpesed on the same part of the storage tube as the flying
spot by means of a partially reflecting plate. The “erase” lamp simply
illuminates the entire sensitive surface of the storage tube prior to "store”
and "read" operations.

Since the oscilloscome spot 1s limited in brilliance, a very faint
image is produced on the viewing screen of the image storage tube. For this
reason, & photomultiplier tube (Amperex 53AVP} is used to produce the
electrical output signal.

The motor drive amnd ascociated circuliry are used to poesition
a two-positlon image slide holder for lpput to the lmage recognition system.
The slide holder position is actuated from the internal logic.

In Figure 13, a detailed circuit dilagram of the storage tube control
chassis is presented., The important functions of this flgure are tc provide
operating voltages to the image storage tube to permit "erase" and "store”
operations., In addition, actuation voltages for the xenon flash tubes are
generated. The inputs to this circult are: * 1750 VDC, -12VDC, clock gates 115
VAC, "erase” Imstructlon, ground, and "store" instruction. The outpuus are
connected to backing electrode, photomultiplier dividers, collector electrode,
"store’' xenon anode, photocathode, "erase" xenon anode. In addition, the
specified signal cutputs are: '"store" xenon trig and “erese” xenocn trig.

ory
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The key inputs are; Clock gate, "Erase” and "Store”. The "Erase’
occurs each time a view next figure (VNF) instruction is given. The "Store"
operation stores the new image on the Image Storage Tube., The power supply
voltages are supplied from appropriate sources with the equipment and not
shown on this schematic.

4,3.,2 PFmax Standardization

-

The Pp,, stendardization is achleved with the use of the FF
digital attenuator (Figure 1), the inmbegrator trigger and nutation filter
(Figure 15), and the "overflow" and "standardize area” coumters (Figure 16).
The digltal attenustor is a ewitching circuit in which the attenuation of
the input signel can be controlled in 32 discrete increments of attenuation
represented by mumbsrs O throvugh 31. In order that any images with the same
shape produce the same Pp(d) function, it is necessary that Pry., be
ropresented by the same number in the system, regardless of the actual size
or brightness of the Image. This mmmber is 31, the maximm pessidle count
on & 5-bit counter or digital attenuator. Attenuation of the photomultiplier
output signel to & gtandard level is accomplished by means of a digital
attenvator, located between the photomultipllier and the pulse generator.

It consists of five precision resistors, each one half the reslstance of the
preceding one, which are switched into either the upper or lower half of a
voltage c¢ivider, in parallel, by means of transistor gates. These gates

are operated by the five binary stages of the "standardize aree" counter.
initially, this attenuatcr is fully open (no attenuation) and the pulse
generator produces consliderably more than 31 pulses during the eight
milliseconds sampling pericd. The “overflow" counter counts up to 31, and
spills over intoc the "standardize area” counter. Durlng each successive
sampling perlod, the “standardize area" counter increases its contents by

cne count, closing down the diglital attenuator slightly each time until the
pulse rate is barely sufficient to £ill the "overflow’ counter without spilling
over into the "standardize area” counter. At this point, standardization of
PFpax is complete, further pulses are gated out, and the count 1s held

for the duration of the learn or sort cycle in process. The "overflow” and
"standard area” counters (Figure 16) are part of the same loglc counter which
has been designated ag two counters. Actually, the "overflow" counter 1s the
lower section of the standard area' counter. These counters provide the
required signals to the digital attenuator. There are two dlgital attenuators
in the system. The "overflow” and “standard area™ counters accept four

automatic signal inputs which are "VNF," "input from trigger,” “clock,” ______ __
and "clock.” ‘lhese counters in turn provide output signals "stop clock,” stop clock

"J.P, " o1 1Q, " !leP, 11} |I2Q’ L] ”)'I-P, 1" "lI'Q,’ e "8P, 1] HSQ’ n "16 y " and. |I16Q. " T}le
"standard area” counter showm in Figure 16 has additional identical stages
which are not used.
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NOTE ~w PNP TRANSISTORS ARE 2ND&3I84

NPN TRANSISTORS ARE 2ZN3G43
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In Figure 15, the integrator-trigger provides a digital output
proportional to the varylng dc input. 7The signal from the photomultiplier
controls the pulse repetlitlon rate of a voltage-controlled pulse generator.
The number of pulses occurring within an eight millisecond time interval
represents the value of the PF transform in a form readily handled by digital
circuitry. Also, the nutation filter is used tc melsctively filter the fund-
amertal of the multivibrator and produce & pure sine wave, This sine wave
provides the nutation fredquency reduired, Thers is no functlonsl reason
that the imtegretor-trigger and nutation filter have been constructed on the
same bhoard other then utllization of availlable space,

L.5.5 Admay Standardization

The dmax standardization is achieved with the use of the "standardize
dpay ocounter” (Figure 17) and the “dpay digital attenuator” (Figure 18). 1In
crder to standardize dmax, the sine wave nutation signal at the top of the “d"
pot {shown in Figure ) must always produce nutation at the maximum “d" for the
particular image being viewed. A dpay digital attenuator, initlally closed,
controls the amplitude of the signal. During standardization, the nutation
signal, normally taken from the "d" pot wiper, is taken from the top of the
"d" pot.

Upon completion of the "standardize Prp" operation, a logic signal

("stop clock™) gates the pulse generator output into the “standardize dpmgx”
counter, which opens up (mcre signal) the diglital attenuator slightly with

each pulse until no further pulses are forthcoming from the pulse generator
during a specific compiling period. This completes the standardization of
dmax, the counter is gated shut, nutation output is again taken from the pot
wiper, the count is held for the duration of the "learn” or “sort” cycle in
process.

The "standardize counter" shown in Figure 17 is similar to
the counter shown in Figure 16, The'standardize dp,, counter" controls the
digital attenuator shown in Pigure 18. It accepts six automatic signal
inputs which are "VNF", "stop clock”, "2 clock", "clock", "clock" and "input
from trigger”. 1It, in turn produces "1Q", "1P", "2@", "2p", "LQ", "ip",
e, "8p", "16Q," "16P""count gate," and "count gate" as outputs to the dp,
digital attenuator.

4,3.4 Analog Gate and Phase Shifter

The analog gate and phase shifter (Figure 19) permits the passage
of the signal required to¢ provide nutation of the flying spot on scope face.
The phase shifter provides 90° phase shift of the sine wave with respect to
itself in order to provide circular nutation., The inputs are "d pot wiper',
"dpex enable”, '@ enable", and "d pot hi side”. The outputs are "¢ 0° out-
out” and "¢ 90° output”.

4.3.5 "Learn" Circultryy

The basic "learn” operation was described briefly in paragraph
L.2.1. In terms of clrcultry, the essential part of the operation is the means
by which a new|APr| value is compared with a previocusly stored value to
produce a "Reward” or "Punish" decision. In this system, a small portion of
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the more complex circuitry required for the "sort" operation is used
for learning. The Input Gate and OQutput Circuit (Figure 20) provide
access to the learn and gort circuitry and provide output signals to
the control panel for operator information. The input gate provide
information to the Up-Down Counter {Figure 21) and to the Input Binary
Counter {Figure 22). However, only the Up-Down counter is utilized

in the learn mode operation. The Up-down Counter (Figure 21) counts

up with Py , and down withIBB., counting through zero and counting back
again, should Pell prove to be the larger number, thus arriving at the
absolute value of the difference betweenPs and Py. This difference
is |11PA. Comparator No. 1 (Figure 23) is the only one of five com-
parator circuits {Figures 23 through 27) utilized during learn mode.
Comparator No. 1 compares the contents of the Up-duwn Counter with the
contents of the "A" registey. At this time, the "A" Register contains
the best previous value of | APJ. Should the new value of |4 Pr|be less
than the stored value, the "punish" light comes on, and nothing further
cecurs. Should the new |A Pf] value be greater than the best previous
value, the "reward" light comes on, and the new value is stored in the
"A" Register in place of the old one. The '"reward" and "punish" sig-
nals originate in the output eircuit, Figure 20.

4L.3.6 "Sort" Circuitry

In the "sort' operation the circuits that become operable in-
clude the input/output circuitry (Figure 20), the up-down and binary
counters (Figures 21 and 22), the comparators (Figures 23 through 27),
the "A" and "B" registers (Figures 28 and 29), the delta counter
Figure 30) and the sequencer and control circuits (Figures 31 and 32).
In the "sort" operation, an unknown figure will be tentatively ldentified
as that learned figure, either A or B, whose stored value is nearest in
absolute value to the unknown. This decision, in turn, will be changed
to "No Decision", should the contents of the inhibit register be closer
in absclute value to the stored value identified than 1s the unknown.
This is accomplished as follows:

The Up-down Counter (Figure 21) and the Input Binary Counter
(Figure 22} both count up to the Pf value of the unknown figure. Then
a 500 cycle clock signal from the sequencer (Figure 31) is fed into both
counters. The Input Binary Counter counts Up and the Up-down Counter
counts down, until one or the other reaches & number identicel with
either of the numbers in the "A" or "B" registers. When this occurs, an
identity signal will be produced by one of four comparators:

Comparator No. 1 - A vs. Up-Down Counter Identity (Figure 23)
Comparator No. 2 - A vs. Binary Counter Identity {(Figure 24}
Comparator No. 3 - B vs. Up-Down Counter Identity (Figure 25)
Comparator No. 4 - B vs. Binary Counter Identity (Figure 26)

Meanwhile, the Delta counter (Figure 30) is counting up with the same
clock signal. When an identify occurs, therefore, the Delta counter wilil
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contain a number equal to the difference between the unknown Pp value and
the stored number, either A or B, closest to it in absolute value.

lhen this identity occurs, a tentative "A" or "B" decision is
set into the flip-flop in the oulput circuit (Figure 20) which controls
the "4 and "B" decision lamps. The lamps are not yet gated on, however,
pending a scan of the inhibit register.

If the identity occurred with the Binary Counter, its contents
are now transferred into the Up-down counter. Thus, the Up-down counter
now contains the identified number, either "A" or "B", regardless of which
of the two counters orisinally arrived at the identity.

At this time, another flip-flop in the output circuit is turned
on, producing a signal "ND Gate" which enables Comparator No. 5 (Figure
27}. This comparator compares the contents of the Up-down counter with
the "Inhibit" Register, producing cne of three outputs:

a. Inhibit value» Up-down Counter Contents
b, Inhibit value ¢ Up-down Counter Contents
¢. Inhibit value= Up-down Counter Contents

Should the two values be egual, the "A" or "B" decision is passed through
to the proper lamp, and the cycle comes to an end. Should the Inhibit
value be less than the Up-down counter contents, the Up-down counter is
given a down command, and vice versa if the Inhibit value is greater.
Thus, the Up-down counter now begins to count in the directicn of the
Inhibit value. Simultanecusly, the Delta counter begins to count down.
Should the Delta counter reach zero before the Up-down counter reaches
the Inhibit value, this means that the unknown value was nearer i¢ the
closest of the stored "A" or "B" values than was the Inhibit value; the
"A" or "B" decision is passed on to the proper decision lamp, and the
cycle ends. However, should the Up-down counter reach an identity with
the Inhibit Register before the Delta counter reaches zero, the "A" or
"B" decision is blocked; the "No Decision" lamp comes on, and the cycle
ends.

To sum up, the "sort" operation consists of the following
stages:

&. The unknown Pf value is stored

b. A search occcurs for the stored number closest in absolute
value to the unknown

¢. A determination of whether the Inhibit velue is greater
or less than the identified number is made
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d. The identified number is clocked in the direction of the
Inhibit value. If the Inhibit value is nearer than the
unknown velue, a "No Decision" occcurs. Otherwise, the
"A" or "B" decision is allowed to stand.

Note that the Inhibit Register cannot mutate an "A" decision to & "B" or vice
versa. It can only change the output to a "No Decision" or allow the decision
to stand,

A word about the Delta counter would be instructive here. The
Delta counter is an up-down counter of a special type. Its operation depends
upon the fact that a binary number is the same distance from the bottom of
the count (00000) as its complement is from the top of the count {11111). A
binary number is changed into its complement by reversing the state of all
counter stages. 1In the Delta counter, a stored number is counted down by
reversing all counter stages, counting up with the number to be subtracted,
and reverging the counter stages again at the end of the count. The resulting
number will be the same as if the second number had been counted down,

4.3.7 Sequencer and Control Circuit

The sequencer and control circult provide basic intelligence wired
into the equipment which establish the control and segquence of all events.

In the sequencer circuit (Figure 31), there are three automatic
inputs "sequencer reset," "EOS enable," and "comp enable." The sequencer
conteins a 1KC and 100 CPS multivibrators which provide the basic timing
operation by providing the signal "N clock" and "N clock," end other sub-
frequencies. These two signals represent the two possible phases of the
square wave provided by the 1KC multivibrator. "N clock," filtered, nutates
the oscilliscope flying spot, and is counted down in the sequencer to supply
all of the clock signals used throughout the system.

The primary function of the control circuit is to provide the proper
logic signals required to complete the entire sutomatic sequence of events,
from the initial "learn" functions to the final "sort" functions.

Inaldltion, clock pulses are generated by the sequencer as
represented by "1/16 clock”, "1/8 clock". "1/8 clock", "1/L clock”,
"8 clock”, "clock", "clock", "N-clock", "N-clock",'clock gate", "2 clock",
and '"Learn or Sort ss"., Throughout the system, numerical values are
handled in the form of 5-bit binary digits, Thus a resolution of one part
in 32 is attained. Logical "Zero" is represented by O volts, and logical
"One" by -12 volts. Wyle Laboratories' logic cards are used where applicable,
and are repregented by logic symbols in the detailed circult drawings.

In the control circuit (Figure 32), there are three manuel inputs
originating on the control panel. These are "Forget," "Learn or Sort," and
"Store" push buttons. The "Forget" button resets the proper digital states
in the control circuit and provides a "Reset A and B" signal to the "A"
storage register and to the "B" storage register in order to initiate & new
sequence of events. The new sequence of events is "Learn", "Store", and
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"Sort." The "Learn or Sort' button provides a "Learn" command while in the
"Learn" mode (or before the "Store" operation) and a "Sort"” command while in
the "Sort"™ mode (or after the "Store" operation).

In addition, in the control circuit there are eight automatic
signal inputs, These are "all zeroes", "1/16 clock", "clock", "dp.. enable”,
"N-clock”, "178 clock", "1/8 clock", and "1/L clock". These signals and
combinations of these signals provide the output signals generated by the
control circuitry. The output signals are "reset A and B", "A Ready'", "Reset
U-D and Delta counters”, "§0rt", "R-P enable"”, "store B", "store A",
"sequencer reset", "sort ready"”, "down", "learn or sort ss", "view next
figure (VIF)", "learn", "sort", "store", and "erase'.

There are three visual outputs which are presented by a panel
light -- "A" ready light, "B" resdy light and "sort™ light. These lights
provide instructions to enable the operator to determine his next move and
instructs the operator as to the mode of operstion -- Learn or Sort.

In order to prevent excessive nolse in the clrcuits from improper
coupling of the various circuits, the grounding system shown in Figure 33
was utilized,.

L.y MECHANICAL DESIGN DESCRIPTION

The major mechanical assembly and layout drawings are presented
in this section in Figures 34 through 37. These drawings cover one overall
Rack Assembly -- Image Recognition System, a Layout and Schematic -- Control
Panel, a Card Module Layout, and Optical System Assembly drawing.

4. 4.1 Rack Assembly -~ Image Recognition System

The Rack Assembly -- Image Recognition System drawing {Figure 3k)
presents three views of the finalized equipment. The three views include a
front view, left side view and top view., The front view is presented with the
upper right three panels removed for viewing the individual logic bays. The
control penel is easily visible from the front and top view and is seen
projecting forward in the left side view. All of the optical system sits on
the top of the double-rack width console. The storasge tube control chassis
is found beneath the control panel projection. All of the power supplies are
situated on the bottom section of the console,

h.h.2 Layout and Schematic -- Control Panel

The layout and schematic of the control panel is presented in
Figure 35. On the left of the panel are two push-button switches which
represent the "Learn-Sort" operation and the "Store” operation. A blue and
amber light indicates a "sort" operation when lit and "learn" operation,
when not lit. These indicetors are used to assist the operator in pressing
the "Learn-Sort" button or the "Store" button. In the center portion of
the control panel, there are two indicator lights -- green light for "Reward"
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and red light of "Punish.”" The "Reward" light indicates that a better value
of Pp has been found, while the "Punish" light means that the value in the
storage register is the best or largest value of Py found. Below the "Reward”
and "Punish” lights is a set of five switches which represent a binary
representation of numbers from O to 31 which are inputs to the "Inhibit"
register, On the bottom of the center section, a set of 3 indicator lights
gives the result of the sort operation ss identifying the unknown image as an
"A" image (blue) or as a "B" (amber) image or as giving a "No Decision"
(yellow) answer. On the right side of the panel is the "d" value pot which

is randomly set manually by the operator according to & random number table
(or similar input). Beneath the "d" value pot is a "Forget" push button which
is pressed whenever the machine is given & new problem. The power on-off
gwitch and indicator light is also located beneath the "d" value pot.

L.h.3 Card Module Layout

The card module layout (Figure 36) shows the location of various
elements of the circuit which are constructed on circuit board cards. The
card description numbers are Wyle circuit type designation except for k4
special circuit boards designed and built at LTV. Sequence numbers for the
three modules are shown at the top of each module. PFunction groupings are
shown where applicable,

ok Optical System Assembly

The optical system assembly sits on top of the control console
where the imege slide holder is easily accessible for loading and unloading
image slides. The optical system (Figure 37) consists of an optical housing
within which the electron storege tubes and photomultiplier mount. Also, the
partially reflective plate, xenon flash tubes, and other small components
are mounted to the housing. A precision image slide holder device with
actuators for supplylng images to be viewed is built into the optical housing.
A Hewlett-Packard 120 B oscilloscope (less graticule) is coupled to the optical
housing for providing the flying spot projection,
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SECTION V
ANALYTICAL DEFINITION AND PRELIMINARY SPECIFICATIONS
FOR A BIONICS IMAGE RECOGNITION SYSTEM OPERATING
IN A UNIVERSE OF N-CONCEPTUAL IMAGES

5.0 INTRODUCTION

In the present Bionics Image Recognition System, it is required
to be able to learn two optimum values of two difference PF(d) functions
from two different figures, say A and B, and then switch to a sort-mode
end classify subseguent images as either belonging to the A or B or "no
decision” class. The construction of tbis system demonstrates the inte-
gration of the simulated PSV system and the transformation generator
into a Bionics Image Recogniltion System. This is a significant achieve-
ment, but, in order to achieve practical use, a Bionics Image Recognition
System Operating in a universe of n conceptual images must be built. To
this end, an evaluation of the problems associated with this aim are dis-
cussed and analytical definitions and preliminary specifications are pre-
sented.

5.1 PROBLEMS ASSOCIATED WITH THE DESIGN OF A BIONICS IMAGE
RECOGNITION SYSTEM OPERATING IN A UNIVERSE OF N-CONCEPTUAL
IMAGES

In a two image recognition system, the problem of distinguish-
ing between each of the images or neither can be done with relative ease.
However, in anh n-image system, the complexity of comparing each image
with every other image in the learning mode increases as the number of
combinations of n images taken two at a time. Consequently, the period
of learning is commensurably increased. For large values of n, the num-
pber of points to test for in order to determine the maximum degree of
distinguishability between any two curves also increases, such that for
each combination of two curves, a set of differences must be defined and
tested for maximum distinguishability between the two curves. The size
of the set of points increases for large n as well as the number of
possible values each point of the set can assume. Provided that meaning-

ful differences may be small, large number of values are reguired as
possible variations of each point of the set for each combination of two.

At this point, it appears that a rather large number of neuro-
trons would be required to make the learning process feasible. An alter-
native solution would utilize an orderly comparison process with conven-
tional memory (random access or sequential). Consider the problem of
learning to distinguish among one additional curve or equivalently to
learn to distinguish among three curves. Figure 38 shows the three
curves to be learned plus the unknown curve which is t¢c be selected as
being A or B or C or neither. The unknown curve shown as a dash line is
more readily aligned with the B curve. However, the single point of
maximum distinguishability between A and B is the least of the three
points A vs. B, B vs. C and A va. C. BSo, therefore, a selection based
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on a single point would invariably produce many false answers aemong three
curves. Needless to say, the complexity of the decision and the need for
other criteria are shown to be quite evident.

5.2 TEMPLATE MATCHING SYSTEM

A template matching syetem can be made to satisfy the require-
ments of a practical Bionics Image Recognition System operating in a
universe of n-conceptual images. A large number of Pp functions could
be stored megnetically which would serve as a reference of all images
which can be ildentified 1n this system. An unknown imsge would be pro-
cessed 80 as to create its Pr(d) function and a "best match" criteria
can be employed to identlify the unknown image with one of the stored
Pp functions representing the field of stored images. Sequential testing
and comparison of the stored images would be performed. Furthermore,
the degree of "best fit" could be implemented &s a rejection mechenism
if certain minimum standards are specified.

In a practical system, at least 50 images would be required in
8 single group identification problem. Any number of groups containing
50 imeges might be preselected for testing and comparison. Typical of
such a storage system might be a magnetic core storage device capable of
storing Pp information for 50 images with a magnetic tape loading device
that would contain any number of groups of 50 images each. Thus, a
computer system could be mechanized to implement a Template Matching
System that would have real practical value in a Bionics Image Recognition
System operating in a unlverse of n-conceptual imeges.

In order to be able to provide the degree of distinguishability
that might be required in such a system, each Pp curve could be digitally
constructed such that the curve would contain 50 values of 4, between
4 = 0 and dygy,. In addition, the Pp(d) values at each of the 50 d-values
would possess a range of 6 bits for values of Pp(d) between Pp = O and
Pp = 1. Refinements in these figures can probably be made with further
study; however, these figures can serve as a reasonsble estimate or pre-
liminary specification. The template matching system seems the plausible
approach in handling the n-conceptual image problem.

5.3 OPTICAL SENSORS

There are two possible sensors that can ve favorably utilized
with the template matching system in creating a Bionics Image Recognition
System operating in a universe of n-conceptual images. These two sensors
are a apecial electronics tube providing both optical sensing and nuta-
tion capabilities and a mosaic photoelectric system in which external
logic circuits provide nutation by switching logical inputs. It is ex-
pected that greeter usable resolution can be achieved with the special
electronics tube, but that there may be some reglon in which photcoelec-
tric mosaicse may provide simplicity of operation and reliability.
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5.4 PROBABILITY STATE VARIABLE

Probability state variable equipment such as the neurotron may
find extended use in pattern recognition equipment provided that it can
be used to supplant or reduce the amount of magnetic memory regquired
while remaining economically feasible. However, in all probability, an
extensive period of time and study will be required prior to the use of
such a substitution which will prove to be as valuable as magnetic
memory systems are in current computer equipment.
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SECTION VI

CONCLUSION

The design and construction of a Bionlcs Image Recognition System
has been completed. This system demonstrates the feasibility of combining
the concepts of statistical image transformation and probability stete
variable device into an image recognition system and indicates methods and
techniques for advancing the state of the art to image recognition systems
performing tasks of greater complexity such as to be found in a system of
n-conceptual images. The present system contains certain flexibility for
increased performance with some modifications of the storage registers for
increased resclution capacity. '
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SECTION VII
RECQMENDATION

Expansion of the current system into a larger system performing tasks of
greater complexity is realizsble, A Blonics Imege Recognition System can be
designed and bullt to operate in & universe of n conceptual imeges. It is
recommended that effort be exerted to continue the work Just inltilated in this
year's effort. The current system delivered under this contract has con-
siderable potential for expansion and the most useful ways for performing this
expansion should be sought. The usefulness of the Pp(d) function has by no
means been exhausted, Information that would be useful in generalization of
image classiflcation l1s inherently avallable in the current system but this
information is being lntegrated out to make the system insensitive to orilen=-
tation., Methods should be studied to utilize information avellable for gen-
eralization of images into image families such as rectangles, triangles, and
other general categories,
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APPENDIX I
ALTIGIMENT PROCEDURE

1.0 Genersl

The main power switch on the Control Panel operstes all power sup-
plies. 1In addition, the following supplies must be switched on st their
respective panels:

12 KV Supply
1750 Volt Supply
- 12 Volt Regulated Supply simultaneously off
+ 12 Volt Regulated Supply and on

To prevent, damage to equipment, make sure that the 1750 volt supply
and the + 12 volt asnd - 12 volt regulated supplies are set at voltages not
much above their normel levels, before turning power on. The + 12 volt sup-
plies should be turned off and on simulteneously to prevent certain logic
states from sustaining continuous flash tube glow.

After adJjusting power supplies, allow equipment to warm up for
about 20 minutes prior to making further adjustments. During this warm-up
time, Oscilloscope Intensity should be turned to zero to prevent phosphor
damage.

Most adjustments are stable enough to require checking very infre-
quently. Critical adjustments, or adjustments subject to considerable drift
are identified in the procedure which follows.

T.1 Power Supply Voltages

I.1.1 -12 Volt Unregulated Supply (not adjustable)} Supplies power for
s1lide motor, relays and panel lamps (except for "power on lamp'which operates
from the -12 volt regulated supply ).

I,1.2 -12 Volt Regulated Supply (left side, bottom panel, right bay)
Adjust to -12 volts * 0.25 volss. Drift is not significent. Use external
meter to adjust. Since controls are external, teke care to prevent scci-
dental mis-adjustment.

I.1.3 +12 Volt Regulated Supply (center, bottom panel, right bay) Adjust
to +12 volts * 0.25 volts. ODrift is not significant. Front panel meter is
adequate for adjustment. Since controls are external, take care to prevent
accidental mis-adjustment.

Tol.h 1750 Volt Supply (bottom panel, left bay)} Adjust to 1750 volts
+ 20 volts. Front panel meter is adequate for adjustment. Drift is not
significant. CAUTION! VOLTAGES IN THIS SUPPLY, IN THE CHASGIS ABOVE IT,
AND IN THE OPTICAL TUBE ARE HIGHLY LETHAL !
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I.1.5 12 KV Supply (not adjusteble) This supply is located on the
Storage Tube Control Chassils, second chassis from the bottom, left bay.
Supply 1s readlly accessible from the rear of the rack without removing the
chassis., Power is supplied from a single l.4 volt mercury battery. Should
battery voltage drop below an acceptable level, supply will cease operating
altogether. Check battery.

I1.1.6 Xenon Flash Tube Supply (not adjustable) This supply is located
in the Storage Tube Control Chassis, and is powered from a 220 volt Auto-
former bolted to the left side of the 'left rack bay. It produces 300 volts
DC for the Xenon flash tubes. CAUTION ' Four 550 MFD Capacitors charged to
300 volss are located on top of the Storage Tube Control Chassis. These
capacltors must be discharged through a suitable resistance after power is
turned off prior to working on the chassis or replacing flash tubes.

I.2.0 Clock Frequency Adjustments

Place card number 203 on an extender card, snd monitor pin X with
an oscilloscope. BSilgnal should be a negative-going 1KC 12 volt square wave.
Adjust frequency with uppermost trimpot on cerd. A calibrated oscilloscope
sweep should be accurate enough for this.

Monitor pin C. Signal should be & negative-going 100 cycles 12
volt square wave. AdJust frequency as above using lowermost trimpot on card.
These multivibrators need not bhe synchronized. Drift is not criticel. Re-
move extender card.

I.3.0 Inege Storage Tube Adjustments

These adjustments are rather involved, but are not frequently
required, since there is 1ittle tendency to drift. The procedure should be
followed carefully.

I.3.1 Scope Spot To obtain an oscilloscope spot suitable for "read"
during storage tube adjustments, proceed as follows:

a. Set "d" pot on control panel to zero

b. Adjust oscilloscope to obtain a spot on the center of the
oscllloscope face, 5Spot mey be observed by removing the
small plug on the top of the optical tube and locking into
the hole. A reflector plate permits direct viewing of the
oscilloscope face,

Ce Defocus the spot to produce a disc approximately 3/32" in
diameter. Do not allow a sharply focused spot to remain on
the scope face unless intensity 1s set very low. Any burning
or desensitizing of the phosphor will seriously affect the
performance of the system. A uniform disc 1s produced when
defocusing is made counter-clockwise from the sharp focus
posltion.

d. Set intensity control with arrow on knob pointing directly up,
or slightly counter-clockwise from this position. Higher
intensities should be used only when system is in full auto-
matic operation, and should not be necessary even then.
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I.3.2 Removal of Photomultiplier CAUTION ! Before proceeding with
disassenmbly, turn off the 1750 volt supply ° You will be handling components
supplied with lethal voltages !

Remove the three phillips-head screws retalning the end cap on the
cptical tube, and the three screws Iimmediastely beyond them, If a stubby
screwdriver whieh can reach the botiom screws 1s not available, 1t will be
necessary to remove the four screws under the deck plate which retain the
optical tube, and slide the tube toward the edge of the cabinet. Remove the
end cap. (CAUTION - Fragile) After brief cooling period, remove the
photommultiplier bulkhead carefully, working it out with e pair of needle-
nosed pliers if necessary. As it comes cleay of the tube, remove the photo-
rmltiplier tube and its MU-metal shield Cfrom the socket. Do not hold the
tube by its shield, since the shield fits loosely.

Reach inside the optlcal tuve and remove the plastic light pipe.
Place a plastic bag around the photomultiplier bulkhead, since it will con-
tain lethal voltages when power is turned back omn.

The Image Storage Tube viewing screen is now Iin plein sight inside
the optical tube. Turn on the 1750 volt supply.

L.3.3 Initial Electrode Voltage Settings Adjustments of Image Storage
Tube electrode voltages are available on the front penel of the Storage Tube
Control Chassis (see schematic TFigure 13) with test jacks immediately be-
neath the adjustments. Using a VIVM or & high impedence multimeter, check
these voltages. The voltages listed below produced good results at the time
of final checkout. However, tube characteristics may be subject to long
term drift, and should new settings be found desirasble, record the new
values to be used for subsequent initisl alingment settings. Adjust to the
following voltages.

Rl  {Collector elecctrode) + 25 volts énot critical)

R2  (Photo cathode) - 400 volts (not critical)

R3 Backing electrode during "STORE" 0 volts (critical)

Rt  Backing electrode during "ERASE" + 8.5 volts (critical)
R% Bekeing electrode during "READ" + 1.5 volts (critical)

Te3eH "ERASE" "STORE" and "READ" Cycle Set the "Manual-sutomatic"
lever on the front of the otorage Tube Control Chassis to "Manual"'. The
storage tube can now be stepped through its cycle manually by means of the
" ERASE-STORE" momentary lever switch, also located on the front of the
Storage Tube Control Chassis.

Place a slide in the slide holder. While locking into the optical
tube, flip the "ERASE-STORE" switch to the "ERASE' position. The screen
should flash bright blue for en instant, followed by complete darkness.

Flip the "ERASE-STORE" switch to the "STCRE" position. The slide image should
flash brightly on the screen, followed by & sustained dimmer imasge. ©Should

a double imege be seen, this means that the scope spot is not aligned.

Adjust the oscilloscope spot position until the two Images are exactly
super-imposed., Both horizontal and vertical oscilloscope channels should be
set to "DC" at all times. The stored image may be cbserved by itself by
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removing the slide. Should the image be of a quality too poor to recognize
its essential properties, should the background not be completely bleck,
should the image fade out too gquickly, or should ERASE not remain completely
black for at least several seconds, a readjustment of the storage tube
voltapges is required. Do not Tire STORE successively without erasing. This
will over-store the image, resulting in subsequent incomplete erasures. A
detalled discussilon of storage tube characteristics and adjustment is given
in Appendix IIT,

I.3.5 ERAGE and STORE Flash Tubes . Should the ERASE and S3TORE flashes
not occur, or should flashes not occur every time, the Xenon flash tubes may
require replacement. The ERASE flash may be observed directly as a faint
flash visible through the slide holder slot. The STORE is visible as a
bright flash benesth the rijght end of the optical tube base.

To replace flash tubes, first unplug the 220 volt autoformer from
the plugnold, and discharge the Xenon flash capacitors. The STORE bulb may
be replaced from the rear. Replacement of the ERASE bulb requires removal
of the optical tube from the deck., Turn the tube on its side. The ERASE
bulb is inserted into the underside of the tube.

L3.6 Optical Tube Reassembly CAUTION ! Before reasserbly of the
opticel tube, turn OFF the 1750 volt supply. Reinsert the plastic light
pipe, making certain that the far end passes through the bulkhead next to
the Image Storage Tube. Next, insert the MU metal shield, by itself, into
the reteiner groove in the bulkhead holding the near end of the light pipe.
The photomultiplier may now be inserted into the socket in the photomultid-
plier bulkhead, and the bulkhead replaced into the optical tube. Make
certain that screw holes are alipgned, and that the cable harness is free of
the MU metsl shield. The cable hole in the bulkhead is at the bottom.
Replace the retainer screws, then replace the end cap and screw in place.
If the optical tube has been removed from the deck, replace it. Plug in the
Autoformer. Set the MANUAL-AUTOMATIC lever to AUTOMATIC. Turn on the 1750
volt supply.

T.4.0 Py Circult Adjustments

T.b.1 Photomultiplier Output Gein Set the Photomultiplier Output Gein
control (located on the leit front of the optical tube) with the pointer
pointing directly to the right. Although some adjustment may be required
with certain images, this setting should prove satisfactory for most condi-
tions.

T2 Photomultiplier Qutput Zero Place card number 313 on an extender
card. Monitor pin C with an oscilloscope or VIVM, using pin X as a ground
reference (be sure that the test instrument is not also grounded through

the line card ground). Place the MANUAL-AUTOMATIC lever on the Storage

Tube Contrel Chassls in MANUAL end fire the ERASE bulb., If the test instru-
ment used is sensitive to transient overloads, discomnnect it momentarily
while firing the ERASE bulb. AdJust the bottom trimpot on card 313 to pro-
duce zero volts within + 5 millivolts. Since the ERASE may fade in time,
make this adjustment within sbout 5 seconds of firing the ERASE bulb. ERASE
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may be fired again if necessary. Leave extender card in place for final
zero adjust.

I.4.3 Pulse Generator Zero Frequency Adjust Place card number 123 on

an extender card and monitor pin B. This signal will consist of negative
going 12 volt pulses approximately 15 microseconds wide, varying in frequency
during the operating cycle from zero to around 20 Kpps. Fire the ERASE

bulb as in I.4.2 above. Adjust the upper pot on card number 313 so that,
within 5 seconds of ERASE, the pulse generator just barely does not oscillate.
Dropout pulse frequency will be around 50 PPS. Remove the extender card

and return the MANUAL-AUTOMATIC switch to AUTOMATIC position.

I1.5.0 Nutation Circuitry Adjustments

Card slots 317 through 323 are used with card type 8PA-D lamp
drivers. Only one slot is occupied at a time, providing a readout with the
lamps on the panel just below the card housing of the counter or register
connected with that slot. For adjusting the nutation circuitry, it is useful
to monitor the contents of the "Standardize dpgy" Counter. Place the 8PA-D
card in slot mumber 318.

I.5.1 Oscilloscope Zero Adjust If the Oscilloscope zero procedure in
paragraph IL.3.4 above [ ERASE", 'STORE" and "READ" cycle) has just been
performed, additional adjustment at this point will not be necessary. If
not, proceed as follows: Turn the spot intensity down until it can barely
be seen through the stoppered peep hole on the top of the optical tube.
Push the small momentary push button on the right front of the optical tube
base. A faint white spot will appear inside the tube. Adjust the scope
spot position to coincide with this spot. (CAUTION - Do not fire the flash
tubes while looking into this hole. Permanent eye damage may result.)

I1.5.2 Oscilloscope Intensity and Focus Adjust A sharply focused oscillo-
scope spot must never be allowed to remain on the scope face unless the
intensity is turned very low, or the spot is defocussed. The system is oper-
ated with the spot slightly defocussed. Defocus the spot by turning the

focus control counter-clockwise from the sharp focus position until a disc
approximately 3/32" in diameter is produced. Set the intensity control

with the arrow on the knob pointing directly up. Normal operating intensities
will not vary much from this position. Much higher intensities should be

used only when system is in full automatic operation, and should not be
necessary even then. Any burning or de-sensitizing of the phosphor will
seriously affect the performance of the system.

I.5.3 QOscilloscope Phase and Gain Adjust Unbolt the optical tube from

the deck, and slide it back away from the oscilloscope face about 4 to 6 inches.
This permits direct observation of the coscilloscope displsy, and allows out-
side ambient light into the photo-sensitve system.

Set the slide control switch on the front of the optical tube base
to MANUAL. Remove any slide that may be in the slide holder and set the
slide holder to either slide position.
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Sct the "d4" pot to full scale. Push the "FORGET" button, followed
by the "LEARN OR SORT" button. A circule or ellipse will appear on the
screen starting from a spot, growing to some maximum size, and cycling over
again repeatedly. The imsge may be stopped in any position by blocking
the light into the optical tube with a plece of cardboard. Observe the
readout lights below the logic modules. They will display a binary number
from O to 31 directly proportional to the image size (providing the diaplay
card in the proper slot. See paragraph I1.5.0 above). Repeat the cycle,
pushing the "LEARN-SORT" button and blocking the light into the tube until
the maximum image size is obtained. When this occurs all five display lamps
will be 1lit. Do not re-zero the scope, even though the display may be off
center,

Hext, adjust the oscilloscope display {or the largest and most
nearly perfect cirecle obtainable which is still completely visible around its
entire circumference., This is done by alternate adjustment of the oscillo-
scope horizontal and vertical gein controls, and the phase adjustment trimpots
on card No. 306.

Additional adjustment of circle purity may be made by tuning the
"nutation'filter. This adjustment is an Allen screw on the large inductor
case mounted on card No., 313. Circle roundness may be checked by holding an
object of the proper size known to be circular over the oscilloscope display.
Hote: There Is some distortion inherent in the cathode ray tube when the
maximum size circle is displayed. This may be checked by stopping the dis-
play at some smaller size where this distortion is negligible. Upon comple-
tion of these adjustments, reassemble the optical components. The system is
now ready for final zero adjust.

I.5.4 Final Zero Adjust Monitor the waveform at card No. 313, pin C.
Adjust the external test oscllloscope to .0H volts/em sensitivity and 0.5
milliseconds/cm sweep freguency. Set trace zero at the top of the graticule.
Set the "d" pot on the control panel to about mid-scale. Place a slide in
viewing position, a circle ideally, but any image with symmetry about at
least one axis, and preferrably two. Press the "LEARN OR SORT" button.

Upon completion of the cycle, a waveform will be visible on the test oscillo-
scope which probably contains a considerable 1KC component. Adjust the
opuilcal system oscilloscope horizontal and vertical position controls for
minimum 1KC content. (Higher freguency components are low in amplitude due
to phosphor persistence.) Should the adjustment procedures take longer than
about 10 seconds, push the "LEARN OR SORT" button again, toc insure a good
image. A circle should produce & straight line. TImages with no symmetry

at all contain natural 1KC components even when the system is properly ad-
Justed, and must not be used for alignment purposes for that reasom.

Restore slide control switch to the AUTGMATIC position., At this
point, the system is aligned and ready for operation.

This final zero adjustment is more subject to drift than any other

in the system. It should be performed only after complete system warm-up,
and checked periodically during long periods of operation or stand-by.
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APPENDIX II

OPERATION PROCEDURE

I1.0 General

It 1is assumed that the alignment procedure described in Appendix
I has been completed, and the system is ready for operation., Normsal opera-
tion is described here, although the user may find varlations of it useful

for speclal purposes,

IT1.1.0 Initial S1lide-holder Position

Insert the slides to be learmned into the slide-holder. The slide
nearest the operator is slide "A", and the farthest, slide "B". Should the
operator prefer to position the slide-holder manually, set the Slide Control
Switch to "MANUAL" and position the slide-holder in the "A" position. For
automatic slide operation, set the Slide Control Switch to "AUTOMATIC", and
position the slide-holder about mid-way between "A" and "B" positions. This
permits the slide~holder to gain enough momentum to actuate the limit switch
at the end of its travel. (Note: Should the motor continue to run with the
stop against the limit switch at any time, push the stop against the switch.
The slide-holder should now complete its cycle.)}

11.2.0 Forget

Push the "FORGET" button. This clears all storage reglsters, and
places the system in the "A Ready" condition. The "A Ready" lamp should
come on. If the Slide Control Switch is in "AUTOMATIC", the slide-holder
will move to the "A" position.

I1T,3.0 Learn

buring successive "LEARN" trials, the operator should try various
random settings of the "d" pot, gradually converging on the last rewarded "d
setting. The operator should keep a record of the last rewarded setting.
The most probable optimum setting is at mid scale, and the operator should
start here. Due to the effects of various threshhclds, mid scale is at
approximately 40,

"

I1.3.1 Automatic Learn Mode

Push the "LEARN OR SORT" button. The system will scan slide "A",
move to slide "B", scan slide "B", return to slide "A", and walt. Either
the "REWARD" or the "PUNISH" lamp will come on, Repeat the cycle with a new
"a" pot setting, gradually converging on the last rewarded "d" pot setting
with each successive trial. When the operator is satisfied that the opti-
mum setting has been found, return the "d" pot to the last rewarded setting.
The operator may now proceed to the "store" operation.
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II.3¢2 Manual Learn Mode

With the Slide Control Switch in the "MANUAL" position, the
system will scan slide "A" when the "LEARN OR SORT" button is pushed, but
will not proceed to slide "B". Instead the "B Ready" lamp will come on.

The operator must then place the slide in the "B” position, and push the
"LEARN OR SORT" button. (Note: The B limit switeh is not disabled in the
MANUAL mode. By pulling the slide-holder stop against the "B" limit switch,
the operator initiates "LEARN B", and need not push the "LEARN OR SORT"
button). The "REWARD"” or "PUNISH" lamp will come on as well as the "A
Ready" lamp. Return the slide-holder to the "A" position and proceed with
successive trials as described under II.3.1 above.

IT.4,0 Store

When the operator is satisfied that he has found the optimum "d"
pot setting, return the "d" pot to that setting and push the "STORE" button.
In the "AUTOMATIC" mode, both slides will be scanned in succession. In the
"MANUAL" mode, following the "A" scan, the operator must position the slide-
holder in the "B" position and push the "STORE" button again. The system will
now be in the "SORT" mode.

I1.5.0 Sort

In this mode, the operator must position the slide in either
"MANUAL" or "AUTOMATIC" since there is no set procedure for scanning slides
to be recognized. The "INHIBIT" register switches should be set to either
0 or 31, unless there is some previously determined wvalue which the operator
wishes to use. The system should now properly identify the slides previously
learned, as well as slides containing larger or smaller images of the same
shapes (within limits). However, other shapes will also be called "A" or
"B" as well. It is the function of the Inhibit Register to limit the range
of values identifiable as A or B, and produce a "NO DECISION" response for
all others.

I1,6,0 The Inhibit Register

A graphic representation of the decisions which would result using
all possible "INHIBIT" settings when the stored "A" and "B" values are 10
and 20 respectively, is shown in Figure 10, This figure serves to show the
nature of the Inhibit function, and to make it possible to represent,
mentally, graphically or in tabular form, the "INHIBIT" effects using any
stored "A" or "B" values. It can be seen that response to an undesired
figure can be inhibited by setting into the Inhibit register some number
which lies between the Pf value of the unknown, and the stored value nearest
‘o it.

II.7.0 Observation of Reglster Contents

It is useful, for various purposes, to observe the contents of the
various counters and storage registers in the system. For this purpose, a
bank of binary readout lamps 1s provided on the panel immediately under the
logic modules. There is one Wyle Laboratories 8 PA-D Lamp driver card pro-
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vided which may be inserted into any one of seven slots, connecting the
readout lamps to the counter or register associlated with that slot, os
follows:

Slot No. Counter or Register

317 "Standardize P Counter (Standardize Area)
318 "Standardize d.," Counter

319 "Up-Down" Counter

320 Input Binary Counter

321 "A" Register

322 "B" Register

323 Delta Counter

I1.7.1  "Standardize Py Counter" - (Slot 317)

This count is directly proportional to the total light passing
through the image, and is thus proportional to both oscilloscope spot inten-
sity and image area. Zero in the counter represents the mirnimum light
required to achieve image standardization. If no count appears in the
counter during standardization, the image is too small to standardize, or
the oscilloscope intensity is too low, and incorrect decisions will result.
In marginal cases, increasing oscilloscope intensity or increasing photo-
multiplier gain may correct the problem. Should the counter fill up entirely
and £lip back to zero, improper standardization or complete faillure to com-
plete the cycle will result. Twn down oscilloscope intensity. The range
of gize of images which can be learned during any one learn and sort trial
is limited by these extremes: the smallest must produce a minimum count,
and the largest must not cause spill-over.

II.7.2  "Standardize dp,, Counter" - {Slot 318)

This count 1s directly proportional to the longest line whose end
points fall within the figure being scanned. Should this counter spill over,
it may be due to improper Pr standardization, poor stored image in the Image
Storage Tube, or improper setting of oscilloscope spot nutation. For these
latter two adjustments, see the Alignment procedwre.

IT.7.3 "Up~-Down Counter” - (Slot 319)

Following "LEARN A" and "STORE" this counter contains the actual
Pr value of the image being scanned, at the "d" value set in the "d" pot.
Following "LEARN B", this counter contalns the sbsolute difference between
P, and Pp , noted elsewhere in this report as [A Pfl. Following sort,
the number stored is a composite, and is not particularly meaningful.
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II.7 b Input Binary Counter - (Slot 320)

Following "LEARN" and "STORE", this counter contains the actual
P, value of the image being scanned, at the "d" value set in the "da" pot.
Following "SORT", the number stored is a composite, and is not particularly
meaningful.

T1.745 "A" Register - (Slot 321)

Following "LEARN A'y this register is empty. Following "LEARN B",
it contains [A P f. Following "STORE A", and thereafter, through "SORT",
until the "FORGET" button is pressed, it contains Py .

II.7.6 "B" Register - (Slot 322)

This regilster is empty throughout the learn process up to and in-
cluding "STORE A". TFollowing "STORE B", and thereafter, through "SORT",
until the "FORGET"” button is pressed, it contains Py.

II.7.7 Delts Counter - (Slot 323)

This is an operational counter which always starts empty and
always ends up at 31. Failure to do s0 is a malfunction.
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APPENDIX 11X

STCRAGE TUBE OPERATION

ITI1.0 General

The Image Storage Tube 1s a device with a photocathode on one end
and a phosphor screen on the other, within which an optical image may bte
stored in the form of electrical charges stored on a dielectric grid.

ITI.1.0  Fhysicel Confipuration

The entire tube is mounted inside a cylindrical permanent magnet.
Thus a longitudinal magnetic field exists throughout the interior of the
tube, insuring that the spatial arrangement of electrons leaving the photo-
cathode will be maintained throughout theilr entire free path length, until
they strike the phosphor at the far end of the tube, or until they are cap-
tured by an intervening electrode.

At the input end is a cesium-antimony semi-transport photocathode
which has an 5-11 sensitivity, peaking in the blue region of vislble light.
The next two electrodes are the collector electrode and the backing electrode,
in that order. Both are extremely fine grids, whoge structure is barely
visible to the naked eye. The collector electrode is a conductor, whereas
the backing electrode is a conductive film on the back of a dielectric
storage grid. At the ocutput is the ancde, containing a P-11 phosphor
screen (blue). The collector and backing electrodes are located in very
close proximity to each other,

II1.1.1 Functional Operation

The anode is maintained at +12KV at all times. The sole purpose
of this potential is to accelerate the electrons sufficiently to excite the
phosphor, The collector electrode is maintained at a constant voltage up to
z maximum of +200 volts. In this system, the collector electrode was set at
+24 volts at delivery, which should prove quite satisfactory., This adjust-
ment 1s not critical.

The cathode and backing electrode potentials are changed for dif-
ferent modes of operation, as described below.

IIIcl-lol Ersse Mode

The cathode is set at zero volts. The backing electrode is set at
a particular negative voltage ranging up to -20 volts, depending on the in-
dividual tube and the chosen operating point., (For recommended voltages with
the tube delivered with this system, see Appendix I, Alignment procedure).

The cathode is flooded with light. These electrons accelerate
toward the collector electrode. Some pass on through and collect on the
dielectric front surface of the storage grid and backing electrode., Other
continue through the backing electrode and are accelerated through to the
anode, illuminating the phosphor. As electrons bulld up on the storage grid,
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fewer and fewer pass through. At the end of the ERASE period, the backing
electrode is abruptly dropped several volts in the negative direction. The
charge on the storage grid now blocks all electrons, and the phosphor is
completely dark. The tube is now ready for an image to be written on the
storage grid.

ITT.1.1.2 "Store" Mode

The cathode is dropped to -400 volts (a meximm of -800 volts is
permissable) and the image to be stored is projected on the photocathode.
Electrons from the illuminated regions of the photocathode accelerate through
the collector electrode (a percentage of which, of course, strike the collec~
tor electrode and are conducted away) and strike the storage grid. They
gtrike with too much energy to be captured, but instead, cause secondary
emission, leaving positive areas on the storage grid, in the same pattern as
the image focussed on the photocathode, Electrons thus emitted are swept up
by the collector electrode. The cathode is returned to zero volts, and the
stored image may be read.

I7I.1.1.3 Read Mode

In the READ mode, the photocathode is at zero volts, and the back-
ing electrode is at a potential several volts more negative than during the
ERASE c¢ycle., The cathode may not be flooded with light, and the stored image
observed on the anode phosphor. Thus the storage grid acts like an erase-
able photographic transparency. Should another image be focussed on the
vhotocathode in this mode, or the original imsge focussed on it in a dis-
pleced position, only those transparent areas common to both images will be
illuminated on the phosphor.

ITI,2.0 Voltage Adjustments

Many of the interactions within the Image Storage Tube are quite
subtle, and, since the tube 1s still basically experimental, not entirely
understood. Some of the more important relationships are listed here to
permit adjustment., Some experimentation on the part of the user wlll provide
him with a firmer grasp of the tube's characteristics, For further infor-
mation, consult the manufacturers literature, or contact the manufacturer,

IT & T, Fort Wayne, Indiana.

On the front panel of the Storage Tube Control Chassils are filve
ad justment pots for the Storage Tube electrodes, each with 1ts own test Jack:

R-1 Collector electrode

R-2 - Cathode electrode during "STORE"
R-3 Backing electrode during "STORE"
Rk Backing electrode during "ERASE"
R-5 Backing electrode during "READ"
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See Alignment Procedure, Appendix X, for recommended settings at the time
of shipment.

The following relationships have been found to hold:

Higher Collector electrode potentials require higher backing
electrode potentials, and vise versa.

Higher Cathode potentials produce a more firmly written image,
but increase the likelihood of blooming, along with more fifficult erase,

Lower Cathode potentials make erase easier, but increase the
likelihood of early break-up or fade of the stored image. In general,
cathode potential is not critical.

Most critical is the difference between the backing electrode
voltage during "ERASE" and the backing electrode voltage during "STORE" and
”REA_D“.

High "ERASE" to "STORE" voliage difference produces a good erase,
but a dark, incomplete WRITE. This written image may be made more distinct
by decreasing the "READ" potential, but the "ERASE, may become incomplete.
(A careful compromise in these settings is needed to produce results com-
pletely satisfactory). A lower difference between "ERASE"” znd "READ" and
"STORE" will improve the stored image, but "ERASE" may become incomplete.

III.3.0 Tube Failure

One Image Storage Tube fallure was experienced during development
of the Image Recognition System, and although it mey have resulted from
unusual treatment which the tube received during system development, or
from faulty manufacture, it is mentioned here so that the user may recognize
the fallure mode should it occur to the tube presently in the system. The
high intensity,. short duration "ERASE" flash used with this system has never
been used with this type of tube, and the long-term effects of it have not
been thoroughly investigated. A description of the failure symptoms follows,
with the possible causge.

The symptom is sustained electron emission from the photocathode
following the "ERASE” flash, even in the absence of all light excitation.
A pattern of pulsating concestric rings appears on the viewing phosphor, with
& dark spoi in the center. The pattern abruptly winks out shortly afterward
(milliseconda or even geconds later). Thils malfunction manifests itself in
the Photomultiplier output signal as large amplitude, low frequency
oscillations, ceasing sbruptly, followed by an incomplete erase.

The most probably cause is considered to be out-gassing of some
component within the tube. When the "ERASE" flash was fired, the flood of
electrons produced collided with the gas molecules on the way to the anode.
The gas molecules were ionized, and the positive ions rushed toward the
cathode, causing secondary electron emission which, in dropping toward the
anod, sustained the reaction. Charge bulld-up of an oscilliatory nature on
the backing electrode probably accounted for the concentric rings. The

a1



condition cease& abruptly when negetive charge build-up on the bvacking
electrode was sufficlent to bresk the cycle.

The cure recommended by the manufacturer, was baking of the
tukte at 100°C for about two hours, with a smell negative potential applied
to the photocathode with respect to the other electrodes to prevent
evaporation of the cesium-antimony cathode material on the other electrodes.
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