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2 Claims. (Cl. 88—16.6)

The present invention relates to picture re-
cording and reproducing systems and is a divi-
sion of the application for my Patent No.
2,089,155, issued August 3, 1937, for Scanning
device and method.

In my above mentioned patent there are de-
scribed methods and apparatus whereby a novel
form of image, known as a stixograph, can be
produced and the present invention relates to
systems for producing picture records with the
aid of the aforesaid methods and apparatus and
to systems for reproducing such stixograph
images on a screen.

If an ordinary picture be regarded as composed
of a large number of elemental areas of a size
depending upon the degree of definition required
in an image and such that the detail within any
of these areas can, for this degree of definition, be
neglected, the novel form of image or stixograph
with which the present invention is concerned 1s
an image in which the elemental images, that is
to say the images of the elemental areas of the
object, are deployed in such a way that they do
not overlap one another when viewed in a direc-
tion perpendicular to that of the deployment.
Usually the picture can be regarded as divided
into a number of strips, each composed of one
single row of the aforesaid elemental areas, and
in this case the elemental areas of each strip
of the object are represented in the stixograph
by elemental images in the same relative positions
as the elemental areas in the objéct, but the
images of the strips are longitudinally displaced
relatively to one another by an amount such that
no two strip images overlap one another when
viewed in a direction perpendicular to the direc-

" tion of deployment.
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The invention will be described with reference
to the accompanying drawing, which are given
by way of example. In the drawing Fig. 1is a dia-
grammatic two dimensional image illustrating
the method employed to transform it into a one
dimensional image,

Fig. 2 is a diagrammatic representation of a
one dimensional image resulting from the trans-
formation of the two dimensional image shown

" in Fig. 1,
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Figs. 3 and 4 are views in side elevation and
plan respectively of a reflecting echelon device
for transforming a two dimensional image into
a one dimensional image, or vice- versa,

Figs. 5 and 6 are views in side elevation and
plan respectively of a refracting echelon device,

Figs. 7 and 8 are similar views of a modifled
form of refracting echelon device,

Figs. 9 and 10 are similar views of a modifled
form of stepped refracting echelon device,

Figs. 11 and 12 are diagrammatic views show-
ing the way in which records of animated scenes
may be obtained, and

Figs. 13 and 14 are diagrammatic views, in ele-
vation and plan, respectively, of apparatus for
producing a one-dimensional cinematographic
record.

Referring particularly to Figs. 1 and 2, Fig. 1
shows a two dimensional image, picture, scene
or representation, which it is desired to transform
into a one dimensional or stixograph type image.
During the transformation, the picture is divided
into any number of strips a—b to g—h the width
and number of strips being decided by the degree
of definition required. After such sub-division,
all points lying on a line x—x across the width
can be represented by the line z—z having an
intensity which is the average of the intensities
of all points in it, and therefore each strip only
requires definition in its length. If the strips
a—b to g—h in Fig. 1 are deployed as in Fig. 2
to form images ai—bi, ci—di, ei—fi, g1i—h,
then as long as there is definition within the
length a1 to hi, the image a: to h: is equivalent
of Fig. 1, for practical purposes, as it contains
representations of all the elements of Fig. 1. For
example the line —z of Fig. 1 appears at r1—x1
in Fig. 2. Fig. 2 is a one dimensional arrange-
ment of Fig. 1 which is two dimensional, and in
this arrangement xi—r1 may be vanishingly
short or infinitely long without affecting the ef-
ficacy of Fig. 2 as a picture or image so long as
the density or brightness of ri—z: in the image
of Fig. 2 is representative of the average density
or brightness of x—z in the original of Fig. 1.

The stixograph of Fig. 2 can be derived from
the two dimensional image of Fig. 1, or vice versa,
by means of an echelon device which may be re-
flecting, refracting or combined reflecting and
refracting.

Figs. 3 and 4 show a reflecting echelon device,
Fig. 3 being a view in side elevation and Fig. 4 a
view in plan. In Fig. 3 the vertical faces | are
mirrors. In Fig. 4 a pencil of light represented
by arrow 2 having a depth covering g1 the re-
flecting surfaces i, is thrown on to those surfaces
at an angle, a section of the incident pencil being
reflected by each surface. As each successive
surface is further away than the preceding one,
the sections of the pencil are reflected with lateral
displacement, which by suitable size of steps,
angle of incidence and width of pencil can be
such that the reflected sections 3, 4, § do not
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overlap. If, theréfore. the cross section of the
incident pencil is represented by Fig. 1, the cross
section of the reflected light will be represented
by Fig. 2. : .

With the type of reflector shown in Figs. 3 and

. 4, there is the disadvantage that the length of

the light travel is different for each step of the
reflector, but this may be remedied by a suc-
cessive reflection from two or more stepped sur-
faces so arranged that the lateral displacements
of the successive surfaces are preferably additive.

Pig. 5 shows a refracting echelon device in side
elevation, Fig. 6 being a plan view of the same
device. Light passing through the steps is lat-
erally” displaced by amounts dependent on the
thickness of material traversed; so that the is-
suing sections 3, 4, § of the entering pencil a are
deployed, as in Fig. 2. Refraction may take
place in one or more stages, with the displace-
ment of the successive stages additive, and fur-
ther the stages may be arranged so that the
length of path through the system is constant at
all points, thiereby facilitating the focusing of an
image.

Pig. 7 shows another form of echelon refrac-
tor, in side elevation, Fig. 8 being a view in plan
thereof. This refractor consists of a stack of
prisms 6 to 1) of increasing angles, each step giv-
ing a different angle of deviation. If the prisms
are arranged in increasing order as shown, they
serve to arrange the issuing light sections (each
section representing & strip of the object) as in
Fig. 2. :

Fig. 9 shows another stepped refractor in front
elevation, Fig. 10 being a view in plan thereof.
The steps are lenticular in shape and staggered
preferably in a direction at right angles to the
mean optical axis.

An object or image at 12, similar to Fig, 1, is
focused in a vertical direction (perpendicular to
the paper in Fig. 10) at or near the entrant sur-
face of the echelon device by a cylindrical lens b.
Thus each lens of the echelon received light from
only one horizontal strip of the object and de-
ployed line images of horizontal strips of object
12 are formed at 3, 4, B, etc., these line images
being focused by the echelon lenses only in a
horizontal direction. It will be understood by
those skilled in the art that in the case of Figs.
3 to 8 also suitable optical means are provided to
insure that the one dimensional image is focused
in the direction of deployment, that is to say, in
planes parallel to the plane of the paper in Figs.
4, 6 and 8 and that an image is focused, at least
in a direction perpendicular to that of deploy-
ment, in or about the entrant surface of an eche-
lon device, so that each step or lamina deals only
with one line of the two dimensional image.

There are numerous possible forms of echelon
reflectors, refractors, and combinations, but the
essential feature of each form is that there shall
be deflnite steps in the device having linear or
angular displacement between the steps, prefer-
ably, but not essentially, of some regular order
of displacement. .

The stixograph or one dimensional image of
the type illustrated in Fig. 2 is of great practical
utility, as by its use very compact records can
be made of scenes or pictures, and, further, it is
of even greater value in recording changing
scenes, in that a truly continuous record
may be made in contrast to the ordinary cine-
matograph record which is intermittent. The
mani ¢r in which the stixograph image can be
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used in recording and reproducing pictures and
changing scenes is shown in Figs. 11 and 13.

In Fig. 11 { is the record material, such as pho-
tographic film, plate or paper, on which a stix-
ograph ai—b1, cai—di, e—/1, g1i—h1 is focused.
If after exposing the fllm to this image the film
be moved upward, a second image G2—by, ca—ds,
e2—f3, gs—hs can be produced and so on. This
record is of the intermittent type and is there-
fore of the same character as and can be dealt
with in a similar way to ordinary cinematograph

Jfllms, It {s with such truly continuous records

that the present invention is concerned. Such a
record differs from an ordinary cinematograph
record only in that the individual pictures are
one dimensional instead of two dimensional. If
the pictures ai—hi, d2—hs ete. are impressed suc-
cessively without any movement of the scene or
point in the scene, and if the position and aspect
of the apparatus relative to the scene is kept
constant, then a point ki, representative of an
‘elemental area at about point k in Fig. 1, will
appear in each picture in the same relative po-
sition. As the fllm { moves the points ki, ki,
k3, k« in each picture will lie in a line parallel to
the direction of movement of { and consequently
the film i need not move intermittently nor need
the picture be exposed intermittently, for the
film i can be given a movement preferably con-
stant and along a straight line, and the points
ki, ka etc. will trace a line on the record, the in-
tensity of the impression at any point of that
line being proportional to the intensity of point
k of Fig. 1 at some particular moment. The
density or brightness of such a line is obviously
& continuous and true record of the density or
brightness of the point k of Fig. 1 and of that
point only. The same also applies to every other
point in the line image.

Fig. 12 shows such a record, the sections
a1—b1, c1—di, ex—f1 and g1—h; being representa-
tive of corresponding sections of the image, that
is individual strips a—-b, c—d, e—f, g—h respec-
tively of the original two' dimensional image or
scene shown in Fig. 1, and each of the points or
elemental areas in each section will trace a line
parallel to the direction of movement of the film.
Such lnes are shown only in section in a:1—b;.
Thus each of the vertical lines of the stixograph
record of PFig. 12 is a record of the brightness or
density of one elemental area of the object. The
vertical dimension is the time dimension and
therefore if the elemental area in question re-
mains of constant brightness then the line in
Fig. 12 representing that elemental area will be of
constant brightness or density. If the bright-
ness of the elemental area changes then the
brightness or density of the line will change cor-
respondingly.

A picture record as described may be said to
record the position of a point in a scene in one
dimension of the record, the other dimension cor-
responding to time and the whole record record-
ing change of position in time. It is preferable
that the line image being recorded should be very
narrow (in the direction of movement of the
record) in order to improve the quality of the
record and also to shorten it, for instance it may
be a tenth of a millimetre wide, in which case
three millimetres of length could ébtain thirty
line pictures. It may be said that there are
more, for the record is continuous. Sixteen pic-
tures per second are capable of recording scenes
having ordinary movement from which it follows
that the picture record need only move at a
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rate of two to three millimetres per second. In
contrast with the ordinary cinematograph film
using one foot per second, there is great advan-
tage and also apparatus for intermittent move-
ment and exposure is not required.

In order that the record shall be of a convenient
width, one dimension of the image may be re-
duced relative to the other. The reduced di-
mension is preferably the horizontal dimension
of Fig. 1 and the horizontal length of Fig. 2 and
the width of the film necessary for recording is
thus correspondingly reduced. The limit to this
reduction will be the ability of the surface to re-
cord the definition required which is determined
by the size of the grain of the emulsion if a photo-
graphic record is used.

Apparatus for producing a record such as is
shown in Fig. 12 is illustrated diagrammatically

in Figs. 13 and 14. The stixograph is in this ex-

ample produced with the aid of a device such
as is shown in Fig. 10. In PFigs. 13 and 14 a lens
system performing the function of lens b in Fig.
10 is indicated at 12. 'The echelon 13 is consti-
tuted by thin cylindrical lenses arranged in a
stack and staggered relatively to one another.
The sixtograph image is formed on a film 1, suit-
able means, represented diagrammatically by
rollers 14 and (5, being provided for displacing
the film continuously in the direction of the
arrow.

The same apparatus as is shown in Figs. 13 and
14 can be used for reproducing from a record of
the kind shown in Fig. 12, a light source being
provided to the right of the film i.

As described, the picture record is in the form
of a strip but this is by no means necessary for
it may take the form of a disc similar to a gramo-
phone record, again that of a cylinder or any
other form which affords a surface on which a
line image can be impressed whilst that surface
is given a suitable traversing motion as described
with reference to Figs. 13 and 14. 'The record
may be transparent or opaque and during repro-

3

duction may  be illuminated by light passing
through the record and on to the optical sys~
tem, or by light which is reflected by the record
on to the optical system.

I claim:

1. In a system for picture recording and like
purposes means for receiving and producing con-
tinuous motion of a photographically sensitive
surface, optical means for dividing an object pic-
ture to be recorded into a line image formed of a
series of line elements with corresponding ends
of the line elements displaced from each other
in a direction transverse of the direction of said
motion, said optical means comprising a plural-

ity of optical elements each having an entrant

surface for receiving light from said object pic-
ture and an emergent surface from which light
passes to said sensitive surface, means including

a lens for focusing, at least in a direction trans- -

verse of the direction of said displacement of
said line elements, an image of said object pic-
ture in the vicinity of said entrant surfaces and
means for focusing, at least in a direction parallel
to the direction of said displacement, a line image
of said object picture upon said sensitive surface.

2. In a system for reproducing recorded pic-
tures upon a screen, means for receiving and pro-
ducing continuous motion of a photographic rec-
ord to be reproduced, optical means for combin-
ing into a two-dimensional image upon said
screen a line image upon said record formed of
a series of line elements with corresponding ends
of the line elements displaced from each other
in a direction transverse of the direction of said
motion, said optical means comprising a plurali-
ty of optical elements each having an entrant
surface for receiving light from said record, an
emergent surface from which light passes to said
screen, and means for focusing, at least in a di-
rection transverse of the direction of said dis-
placement of said line elemients, an image of said
emergent surfaces upon said screen.

GEORGE WILLIAM WALTON.
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