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@ Method and apparatus for electro-optically convoluting signals.

@ A method and apparatus for electro-optically convolut-
ing a signal available in image-form with at least one known
convolution function. The image of the signal is applied to
the entrance window of an electro-optical image-forming
device including an integrating screen and deflection means.
By controlling the deflection means, the input image is
projected onto the integrating screen during time intervals
corresponding to the value of the convolution function as
associated with the instantaneous deflection and with such
an intensity that the convoluted signal in image-form is
produced on the screen. The apparatus comprises at least
one television camera tube having an image section includ-
ing deflection means for the input image.
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Title: Method and apparatus for electro-optically

convoluting signals.

———

The invention relates to a method and apparatus for electro-
optically convoluting a signal available in image-form with at least
one known convolution function. Such a technique can be used, for
example, to transform unsharp astronomic images, radar images, X-ray
images, air recomnaissance pictures and the like into sharp ones, or
to encode or decode images.

It is known, for example from Dutch patent appln. 76,00155
open to public inspection, that the unsharpness of an image can be
eli;inated by deflecting the unsharp image'relative to an optical mask
disposed parallel thereto. This mask incorporates a computed or ex-
perimentally deﬁerminéd function which defines the transparency of
each point of the mask. By determining the light flux on the other side
of the mask by means of, for example, a photomultiplier tube and apply-
ing the output signal thereof to a monitor, a sharp image of the ori-
ginal unsharp image is produced on the monitor screen. In fact, the
achievement of the sharp image is the result of a convolution of the
original unsharp image with._the (computed or experimentally determined)
function incorporated in the mask.

Consequently, this prior technique reguires the manufacture,
usually by photographic processes, of at least one optical mask but
often two masks will be required if the function, which will be called
convolution function hereinafter, has positive as well as negative
parts. 7

It is an object of the invention to provide a technique that
is simpler than the prior art technigue in the sense that it does not

require, and hence obviates the manufacture of, such masks.
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To achieve this object, in accordance with the invention a
method of the above type is characterized in that the image of the sig-
nal available in image-form is applied to the entrance window of an
electro-optical image-~forming device incluéiﬁg an integrating screen
and deflection means; and that by controlling the deflection means the
input image is projected onto the integrating screen during time intex-
vals corresponding to the value of the convolution function as associa-
ted with the instantaneous deflection and with such an intensity that
the convoluﬁed signal in image-form is produced on the screen.

An apparatus according to the invention is characterized
by at least one television camera tube having an image section, which
image section includes defléction means for the input image.

The invention will be described in greater detail herein-
after with reference to the accompanying drawings, in which:

Fig. 1 schematically shows an apparatus for performing a
method according to the invention;

Fig. 2 illustrates the method according to the invention
for a simple form of the convolution function; and

Fig. 3 shows an example of an embodiment of an apparatus
according to the invention. )

Fig. 1 shows an input imagerl, which may be a photographic
image or a (stationary or moving) image formed in a different manner.
The input image is applied through an object lens system or, in general,
an imaging system 2 to the entrance window of an electro-optical device
3.

In Fig. 1 an electro—optical device in the form of a tele-
vision camera tube comprising an image section, for example an image
isocon, is used. The input image is applied via the entrance window 4
of the camera tube to the photocathode 5 located directly behind the
entrance window, which photocathode 5 is responsive to incident light
to emit electrons in an amocunt proportional to the amount of incident
light. By applying a suitable potential difference between the photo-
cathode and a target 6 disposed opposite to the photocathode, the in-
put im|mge is projected onto the target in the form of a charge image. The
target is of known per se structure and is adapted to also allow
scanning from behind by means of an electron beam 7 in known per se
manner, as a result whereof an image output signal can be obtained at

8 in a manner known in the television art, which image output signal

a
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can be visualized on a monitor 9 in a likewise known manner.
In order to allow convolution-of the input image with a
given function in the desired manner, the section of the camera tube

according to the invention between the photocathode and the target,

" the so-called image section, is provided with horizontal and vertical

deflection coils; for the sake of élarity, only a single set of deflec-
tion coils 10 is shown in the drawing. In accordance with the invention,
the deflection coils are controlled by means of signals derived from
the convolution function, so that after the completion of the deflec~
tion in accordance with the convolution function, the charge image form-
ed on the target is representation of the input image convoluted with

the convolution function. The control device is schematically shown

in Fig. 1 at 12,

.
1

In this manner no masks need be manufactured and no éeparate
integrating device is required as the target fulfils this function.

For the purpose of elucidation, the method‘according to the
invention will now be described with reference to a simple example.

It is assumed +that the input image, designated fo(x), is
‘one-dimensional and will therefore form a line on the target, the con-
stituent image points of which line each have a brightness correspond-
ing to fo(x). This line lies in the x-axis. IF:is further assumed that
the input image has to be convoluted with a known, likewise one-dimen-
sional convolution function .g{x). 7 . ’

Mathematics teaches that the brightness of each image point

X, of-the x-axis of the convoluted image fs(x) can be computed as

follows: o

fs(xn) = -g :Eo(xn-x) -g{x)adx

This integral is known by the following names: convolution
integral, superposition‘integral, folding integral, Duhamel integral.

It appears from the above that by means of the convolution
integral the brightness of each point of the sharp image can be com-
puted if fo(x) and g(x) are known in mathematical form.

It is an object of the present invention, however, to form
the sharp image without the need to first point-wise scan the unsharp
image in order to determine fo(x).

By way of a simple example it is assumed that g(x) and

fo(x) have the following form (see Fig. 2):
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glx) =1 fgor x=2
E(X) = 1 for x=3
g({x) =0 :for x#2 en x#3

(x) =1 for x=1

o
O(X) =2 for x=2
o(x) = 3 - for x=3
O(x) = % for x=L
7,(x) = 0 -for x+1, 2, 3, L.

’ Using the above computation, the following values for f (x)

are found: - T (x) =0 - for x*Denx <0
fg(x) 0 for x=1

f (x) =0 for x=2

(x) = 1 for x=3
s(x) = 3 - for x=}
f(x) =5 for x=5
fg(x) = 33 for x=6
£ (x) = 3 for x=7
fg(x) =0 for x=B en x > 8

s

m

This result can be obtained by first projecting fo(x) in
shifted fashion so that fo(o) coincides with the point x = 2 and sub-
sequently again projecting fo(x) so that fo(o) coincides with x = 3.

In other words, fo(x) %s first shifted two positions to the right and
subsequently three positions to the right and the shifted functions are
superposed. The duration of each projection of the shifteq fo(x) is

* determined by the value of g(x). This means that in the present example

the two projections have the same duration, so that one and the same
intensityof the image is achieved. However, if, for example, g(3)
would have the value 2 instead of the value 1, the second projection,
i.e. the oﬁe with fo(x) shifted three positions to the right, should
bhave to have a duration twice that of the first projection, assuming
that the relationship between duration of the projection and intensity

of the image formed on the screen is a linear one.
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Consequently, in general fs(x) can be achieved by shifting
fo(x) along the x-axis until fo(o) coincides with a point on the x-axis
in which g(x) # o and by projecting fo(x) in this point for a duration
determined by the associated value of g(x) and by subsequently repeat-
ing these steps fdr all of the other points on the x-axis in which
g(x) # o. This procedure requires fo(x) to be known in image-form only
and not.in mathematical form.

Although the example proceeds from very simple one-dimen-
sional functions and only a small number of image points, the same
technique may be applied to more complicated two-dimensional functions
and a large number of closely spaced image points and even to conti-
nuous functions.

In some cases the conwlution function g(x) may have negative
parts. As a result thereof it may appear necessary to form negative
image information as an intermediate step in the convolution procedure.
When using a television camera tube as described above, in which a
charge image is formed on the target, it is possible indeed to also
form negative contributions to the ultimate charge imagé. As a matter
of fact, normally a television camera tube is adjusted so that the
charge image on the target is the iesult_df the secondary emission
caused by the primary photoelectrons originating from the photocathode.
Due to the secondary emission, a positive charge image is produced. It
is possible, however,to adjust the tube so that the image is formed
directly by slow primary photoelectrons reaching the target. In this
manner, negative contributions to the image are formed.

In principle, it is sufficient to change the potential dif-
ference between photocathodg and target in order to re-adjust the tube.
In the event of a relatively high potential difference a positive con-
tribution to the charge image is achieved whereas in the event of a
relatively low potential difference a negative contribution thereto is
achieved.

Consequently, the control device 12 should control not only
the deflection coils but also the adjustment of the tube. However, in
general the absolute value of the intensification of the image section
for forming positive charge differs from that for forming negative
charge. Consequently, this should be taken into account in the control

device when re-adjusting the tube.
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Should the re-adjustment of the tube be found objectionable,
the problem of processing the negative parts of the convolution func-
tion may be solved by separating this function into a negative and a
positive portion and subsegquently convoluting the positive portion with
the image to be processed in a first tube and concurrently conveoluting
the modulus of the negative portion with the image to be processed in
a second tube.

The desired output image is achieved by subtracting the
output signal of the second tube from that of the first tube. This is
schematically shown in Fig. 3. The signal 1 available in image—-form is
applied through a semi-transparent mirror 30 and an optical system 2a
to a device 3a similar to the one designated 3 in Fig. 1 in order to
realize convolution with the positive portion g(x)Pos of the convolu-
tion function g(x), while the image is at the same time reflected by
the semi-transparent mirror 30 to a mirror 31 applying the image through
an optical system to a device 3b similar to the one designated 3 in
Fig. 1 in order to realize convolution with the negative portion g(x)min
of the convolution function g(x) .

The output signals of the two devices are subtracted from
each other in known per se manner in a differential amplifier 33, the
output signal of which may be applied to, for example, a monitor 9 in
order to visualize the result of the convolutiom.

By means of the method according to the invention, an un-
sharp input image can be transformed into a sharp output image in, for
example, 20 msec. This high processing rate renders the invention
suitable for processing stationary as well as moving images.

There are different manners of realizing that the input
image is projected onto the target at locations determined by the con-
volution function during the period of time determined by this function.

A first possibility is theuse of a step~like voltage applied
to the deflection means. The level of a certain step determines the lo-
cation of the projection of the image, while the time interval during
which this level is maintained determines the intensity.

If the transition from a first level to a next (i.e. from a
first projection location on the target to a next projection location)
cannot take place momentaneously, during this transition it can be en-
sured that no electrons reach -the target, for example, by deactivating

the accelerating field between photocathode and target. In this manner,
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tions can be suppressed.

Such a temporary suppression of the image integration can
also be obtained by means of a fast shutter (designated 20 in Fig. 1)
mounted in front of the entrance window, which shutter closes for short
periods of time at the desired instants in accordance with the associated
values of the convolution function. If necessary, an additional lamp 21
may be used for illuminating the input image.

= 2 further possibility is to apply such a deflection voltage
to the deflecting means that the input image is moved with uniform speed
to and fro over the target, for example in accordance with a television
frame, at any rate over that portion of the target where the convolu-
tion function is not permanently nil. The intensity at the successive
image positions is determined by a light source modulated in accordance
with the convolution function, if necessary in combination with a shut-
ter, or only by controlling the shutter times in accordance with the
values of the convolution function. o '

It'is also possible to use a plurality of light sources,
if necessarjrwith associated ‘shutters, so.that diffefent portions of
the image can be processed with different convolution functions.

In all cases, the control of the light sources and/or shut-
ter (s) should be related to the instantaneous location of the projection
of the image on the target and hence to the instantaneous wvalue of the
deflection voltage(s), as indicated by the broken lineé in Fig. 1.

Various modifications of the above embodiments of the me-
thod.and the apparatus according to the invention will be obvious to the

worker in the art. Such modifications are considered to fall within the

scope of the invention.
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= CLAIMS =

1. A method for electro-optically convoluting a signal availl-
able in image-form with at least one known convolution function,
characterized in that the image of the signal available in image-form
is applied to the entrance window of an electro-optical image-forming
device including a screen integrating according to time and further
including deflection means; and that by controlling the deflection
means the input image is projected onto said integrating screen during
time intervals corresponding to the value of the convolution function
as assbciated with the instantaneous deflection and with such an inten-
sity that the convoluted signal in image-form is produced on the screen.
2. A method according to claim 1, characterized in that the
intensity of the image formed on the integrating screen, as associated
with each deflection position and determined by the comdution func-
tion(s), is obtained by illuminating the input image with light of con-
stant intensity and controlling the duration of each projection in ac-
cordance with the associated wvalue of the convolution function.

3. A method according to claim 1, characterized in that the
intensity of the image formed on. the integrating screen, as asséciated
with each deflection position and determined by the convolution func-
tion, is obtained by projecting the input image during a constant time
interval and controlling the brightness of each projection in accordance
with the associated value of the convolution function.

4, A method according to claim 2 or 3, characterized in that in
between two successive projections of the input image onto different
locations of the integrating screen, the image formation on said screen
is prevented.

5. A method according to claim 4, characterized in that the
image formation is prevented by applying a suitable potential to the
integrating screen.

6. A method according to claim 4, characterized in that the
image formation is prevented by means of a shutter disposed in front of
the entrance window, which shutter is controlled by a signal derived

from the convolution function.
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7. A method according to any one of preceding claims 1-5,
characterized in that the input image is illuminated by at least one
light source, said light source being actuated at instants and for
intervals as détermined by the convolution function and providing the
same light intensity when actuated.

8. A method accordingrto claim 6, characterized in that the
input image is illuminated by at least one constant light source.

9. ~ A .method according to claim 1 or 3, characterized in that
such an‘eléctrical éignal is applied to the deflection means that the

input image is coﬁtinuously deflected over the integrating screen and

- that the. input signal is illuminated with a light intensity determined

by the convolution function(s) only at locations determined by said
convolution funétion(s).-

10. A method according to claim 9, characterized in that the
illumination is each time realized.by means 6f one.or more light sources
the intensities of which are controlledrby the convolution function(s)
and by means of at least one shutter disposéd inifront of the entrance
window and controlled by the convolution functibﬁ(s).

1. A method according to claim 10, characterized in that a
plurality of groups of light sources is used for illuminating the input
image, which are each controlled by a separate convolution function.
12. ) A method according to any one of the preceding claims,.
characterized in that the image-forming device is a television camera
tube having an image section.

- 13, A method according to any one of the preceding claims,
characterized in that a convolution function having positive and nega-
tive parts is used and that the convolution function is accordingly
divided into a positive portion which is convoluted with the signal
available in image-form in a first electro-optical image-forming device
producing a first partial image output signal, and a negative portion
which is converted into a positive portion by omitting the minus sign
and which is convoluted with the signal available in image-form in a
second image-forming device producing a second partial image output
signal; and that for forming the desired final output image the second

partial image output signal is subtracted from the first partial image

output signal.
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14. A method according to any one of claims 1-12, characterized
in that a convolution function having positive and negative parts is
used and that the convolution function is divided into a positive
portion which is first convoluted with the signal available in image-
form to produce a first convoluted partial image signal which is tempo-

rarily stored, and a negative portion which is converted into a posi-

~ tive portion by omitting the minus sign and which is subsequently con-

voluted with the signal available in image-form to produce a second
coﬁvolﬁted partial image signal; and that for forming the final convo-
luted image the second partial image signal ié.subtracted from the first.
partial image sigmal.

i5. A method according to any one of claims 1-12, character-
ized in that a convolution function having positive4and negative parts
is used; that the electro-optical image-forming device is a television
camera tube on the target of which positive as well as negative charge
image contributions can be formed by re-adjusting the tube; and that

in the event of a positive value of the convolution function the tube

is operated in the positive mode and in the event of a negative value

of the convolution function the tube-is operated in the negative mode.
16. An apparatus for electro-optically convoluting a signal
available in image-form with at least one known convolution function,
characterized by at least one television camera tube having an image
section, which image section includes deflection means for the input
image.

17. An apparatus according to claim 16, characterized by a con-
trol device applying to the deflection means a signal derived from the
convolution function.

i8. An apparatus according to claim 17, characterized by a shut-
ter disposed in front of the entrance window, which shutter is controlled
by the control device so as to be closed at instants determined by the
convolution function.

19. An apparatus according to any one of claims 16-18, character-

ized by a constant light source illuminating the input image.

11]
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20. An apparatus according to claim 16, characterized by a
control device applying to the .deflection means a periodic electrical
signal for regularly deflecting the input image, and applying to the
shutter disposed in front of the entrance window a signal derived from
the convolution function so as to open and close said shutter at
instants determined by the convolution function and for intervals
deterﬂined by said convolution function.

21. An apparatus according to claim 16 or 20, characterized by
a control dev1ce applylng to sald deflectlng means a.periodic electrical
signal for regularly deflecting the input image and controlling one or
more light sources by means of a signal derived from the convolution
function so as to illuminate the input image aﬁ iﬁstants determined by
the convolution function and for intervals determined by said convolu-
tion function.

22. An apparatus according to claim 21, characterized by a
plurality of lamps for illuminating the input image, the light sources
being divided into groups each receiving from the contreol device a
control signal derived from an associated convolution function.

23. - " an apparatus according to any one of claims 16-22, character-
iééd in that the image section of the television camera tube is re-
adjuétable so that in a first rangé of potential differences between
the photocathode and the target of the image section a positive charge
image contribution can be formed on the target while in a second range
of potential differences between the photocathode and the target of the
image section a negative charge image contribution can be formed on the
target; and that means are provided for re-adjusting the image section
in response to each change in polarity of the conveolution function.

24, An apparatus according to any one of claims 16-23,
characterized by two television camera tubes each having an image sec~
tion including deflection means, means being provided for applying the
signal available in image-~form to the entrance windows of the two tubes,
and switching means being provided for switching on one tube and switch-
ing off the other in response to each change in polarity of the convo-
lution function, the image formation in one tube being realized under
the influence of the positive portion of the convolution function and
the image formation in the other tube being realized under the influence
of the modulus of the negative portion of the convolution function; and
by a device subtracting the output signals of the two tubes from each

other.
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