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The invention has for its object to provide
a proecess and an apparatus making it possible
to obtain automatically and with high speed a
screened or hatched reproduction, either on a
film or on any other photosensitive surface, of
an original document in outline or in half tone.

The process and apparatus according to the
invention may in particular be used for obtain-
ing engraved surfaces designed for printing on
fabrics.

The engraving of such surfaces involves
hatches wherein the spacing or pitch and the
ratio between the sunk and solid area are varied
with the intensity of the tint to be reproduced;
said hatches simply provide means to retain a
more or less large amount of ink, which, being
distributed in the fibres of the fabric, reproduces
the flat or shaded tones of each one of the tints
in the original drawing,

The method of the invention is characterized
by the following sequence of operations:

The original image is analyzed or scanned by
‘known means actuating a movable mirror in such
-4 way that the angular orientation of said mirror
s at any instant g function of the tint analyzed
.on the original document at the same instant.

A fixed luminous beam of constant intensity
ds created and is caused to be reflected from
the mirror controlled by the analyzing device,
so that the reflected beam or pencil of light
occupies a position which at any instant is a
function of the tint analyzed upon the original
document.

The reflected pencil of light is periodically
intercepted and during the periods where it is
not so cut off it acts on the photosensitive sur-
face either directly or through the medium: of
a special device which is controlled by it, and
in such a way that there is obtained on the
photosensitive surface a pattern corresponding
to the design to be reproduced.

In a modification of the process, the period-
ically intercepted pencil of light is caused to
act on a device controlling an engraving tool or
punch thereby making it possible directly to ob-
tain an engraved surface.

The apparatus according to the 1nvent10n com-
prises in combination:

A device of known type to analyze or scan
the original image, which device .at each instant
determines the angular orientation of a mirror
as a function of the tint at the point analyzed
at that instant;

A device for periodically intercepting a lumi-
nous pencil refiected from the above-said movable
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2
mirror and derived from a pencil of incident
light of fixed intensity and direction, said inter-
cepting device being characterized in that the
luminous beam acting periodically between the
cut-off periods directly or through the agency
of intermediate means, provides on a photo-
sensitive surface a succession of photographic
impressions reproducing a pre-determined pat-
tern or screen as determined by the various
shadings on the original document and thereby
making it possible to reproduce said document.

In one specific embodiment of the apparatus
the periodically cut off pencil of reflected light
may be made to control, through a photo-cell
and an amplifier a mechanical or electrical device
actuating an engraving tool or punch directly
engaging the cylinder to be engraved.

The method of the invention is operated by
means of an apparatus whereof the accompany-
ing drawings diagrammatically illustrate two
embodiments by way of indication only and
without in any way limiting the scope of the
invention. :

Fig. 1 shows an enlarged view of one specific
form of screen pattern.

Fig. 2 shows a form of disk providing for the
periodic interception of the pencil of reflected
light which at each passage thereof determines
the recording of one element of the screen pat-
tern. .

Fig. 3 shows a screen provided with a triangular
aperture therein and placed in front of the
intercepting disk between the latier and the
reflected pencil of light.

Fig. 4 is a diagram showing a screening ap-
paratus cooperating with g disk and a screen
such as shown in Figs,. 2 and 3.

Fig. 5 is a view partly broken away of another
type of disk comprising rings of radially extend-
ing slots.

Fig. 6 shows a portion of the disk and the
slotted screen covering the same for one par-
ticular position of the principle and secondary
spots obtained with the screening assembly or
stand of Fig. 10. ]

Fig. 7 shows a portion of the radially slotted
disk and the screen covering it when the main
luminous spot is positioned at the boundary of
the slots of one ring of slots.

Fig. 8 shows a position of the secondary spot
corresponding to the screening assembly or stand
of Fig, 10 at the passage of the main spot from
one ring of slots to the adjacent ring of slots. -

Fig. 9 shows one specific form of the large
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triangular slot of the screen placed in front of
the disk.

Tig. 10 shows a diagram of the layout of a
sereening assembly or stand with a disk compris-
ing rings of slots.

As shown in Fig. 4 an oscillograph or more gen-
erally a galvanometer including a mirror M is
actuated by the analyzing device analyzing the
original document to be reproduced, which an-
alyzing device may be such as are used in photo-
telegraph transmitter equipment of any known
type.

The mirror M is movable about an axis perpen-
dicular to the plane of the figure; it is illumi-
nated by 2 lantern comprising a source of light
A, a condenser L, an arcuate slot ! and an objec-
tive lens I’ adapted to form upon the mirror M
the image of the luminous source A.

The mirror M reflects a pencil of light which
finally forms a spot or image S of the slot Pona
sereen G (see Fig. 3) formed with a triangular
aperture H. The expression “triangular aper-
ture” is used to designate an aperture having a
generally triangular outline hut the sides of which
may be either rectilinear, curved or more or less
broken or irregular.

A disk D is disposed against the screen G; said
disk D which is movable about its center O is
provided with slots such as J or perforations K

or transparent portions corresponding. to such -

apertures or perforations which ride in front of
the aperture H of the screen G as the disk. D
revolves.

" TThe disk D is driven in rotation from an elec-
tric motor or any equivalent device; said disk
may be made of any suitable opaque material
wherein slots or perforations are cut out or may
be constituted by a photographic film. wherein
the slots or perforations may appear by trans-
parency.

Behiné the disk D is arranged an aplanatic
converging lens L’/ adapted to concentrate the
light of the narrow-beam or pencil passing
through the triangular slot. H and one of. the
slots in the disk D upon a photo-electric cell C.

As. the disk. D rotates the photo-electric cell
C therefore receives a succession of luminous sig-
nals; said photo cell C is connected with the
amplifier E or any suitable conventional type the
output of which provides a current whereof the
magnitude may thus assume one of two prede-
termined values, the one corresponding to dark-
ness and the other to illumination as the pencil
traverses any one of the apertures in the disk D.

The output current from the amplifier E is
(when necessary after having been rectified) con-
veyed to a receiver device R which comprises an
oscillograph the mirror of which oscillates when
said oscillograph is traversed by the variable cur-
rent from the output of the amplifier E. Said mir-
ror is illuminated by a luminous source through an
optical system and provides upon a slotted screen
a movable image or spot; when this spot falls
upon a slot in the screen the pencil of light tra-
verses an optical system adapted to form a light
spot upon the photo-sensitive surface of the re-
cording or reproducing cylinder B.

The disk D may be formed with slots in widely
varying dispositions or patterns.

In the case of Fig. 2 said disk D has drawn
thereon a number of equi-spaced circumferences
a,b,cd,...n,eight in number for example. The
innermost circumference ¢ is subdivided, starting
from the upper vertical diameter, into Nequal por-
tions, 12 in the instant case, the circumierence
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b is divided infto N--1 portions, i. e. 13, the cir-
cumference ¢ will include N+4-2, i. e. 14 portions,
etc. . . . ; that is the number of divisions is in-
creased by one digit from any one circumference
to the next larger one. The slots and perfora-
tions are formed through those points of subdi-
vision and in such a way that, were the spot S to
fall through the slot H onto the circumference a,
it would provide, at each revolution of the disk,
12 Juminous signals on the cell C whereas upon
the ecircumference b it would give 13 signals; the
number of said luminous signals being regularly
increased by one digit as the spot S is displaced
outwardly of the disk.

The disk D’ of the type shown in Fig. 5 is of
much simpler construction; it comprises rings
of radical slots J’ starting from equi-spaced cir-
cumferences a, b, ¢, d, each respectively compris-
ing 14, 18, 24 and 28 slots of equal height.

In other words, the variation in the number of
luminous signals transmitted through said disk
D’ towards the photo-cell C for each revolution
of the disk is discontinuous as the spot passes
from the innermost circumference a to the out-
ermost circumference b.

The screen G used with the disk D’ comprising
radial slots further includes three additional rec-
tangular slots I, I’, I, and the screen of the lan-
tern is in this case provided with an additional
slot P which forms upon the screen G after re-
flection from the mirror M of the oscillograph
a second light spot S'.

Whenever said light spot S’ passes through
one of the slots I, I’, I’ it is picked up by the
aplanatic lens L’’, then by a total reflection prism
P which directs the light pencil back upon a
photo-electric cell C’. The direct current out-
put of the cell C’, as amplified by a tube E’ hav-
ing a high-slope amplifying characteristic is fed
back into the circuit of the oscillograph actuat-
ing the mirror M.

Said oscillograph circuit normally receives the
output current from the modulating amplifier
controlled by the photo-cell which scans the orig-
inal document and the current generated by the
secondary photo-cell C’ is thus added to the nor-
mal current.

The stepped form of the slot H (Fig. 5) is de-
sirable in the case of a flat-tint document, that
is such as does not comprise continuously shaded
tints; the aperture H has as many steps as there
are rings of radial slots in the disk D’.

The screened pattern obtained through the
use of a disk such as D (Fig. 2) enabling the num-
ber of luminous signals to be varied in a continu-
ous or progressive manner is constituted by rec-
tangular elements (sunk and solid areas) of con-
stant width, variable in length and also in pitch
or spacing p (Fig. 1). The spacing e between the
rows of rectangular elements may be totally sup-
pressed so that the merging. of said rectangular
elements will determine the production of hatches.

When there is used the disk D of the type in-
volving a continuous variation in the number of
light signals and starting from a design drawn
in Indian ink comprising shaded or washed tints,
the apparatus operates as follows:

The document to be screened is spread over a
cylinder which is photo-electrically scanned just
as if it were desired to transmit a photograpn
over a telephotograph system; the modulated
current output of the amplifier is fed to a gal-
vanometer such as an oscillograph placed upon
the screening stand.

The light spot S directed from the mirror M oi
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Said oscillograph impinges on the screen G formed
with the triangular aperture H and which is ar-
ranged in front of the disk D, the axis z ¥ of the
triangle H lying in a vertical plane passing
through the axis of rotation o of the disk, and
its base being level with the circumference a,
while its apex is level with the circumference n.
The displacement of the mirror M is adjusted so
that the spot will start from the base of the tri-
angle for a dark area of the original document
and will rise towards the apex of said triangle for
the lighter shades of grey. Pure white will cause
the spot to be projected beyond the apex of the
triangle, because it then is unnecessary to screen
it.

Assume by way of example that the circumfer-
ence ¢ has been divided into 12 portions and the
outermost circumference n into 19 portions. The
base of the triangle H which is structurally ar-
ranged to be positioned in front of the innermost
circumference ¢ comprising twelve apertures per
revolution will therefore allow the spot of light
to pass twelve times per revolution of the disk,
each time said spot impinges on that point. The
apex of the triangle H positioned in front of
the outermost circumference which includes nine-
teen apertures per revolution will allow the spot
to pass nineteen times per revolution. Any in-
termediate position will correspond to successive
“on” and “off” conditions of the light spot in a
number comprised between twelve and nineteen.
It follows then that a black area of the docu-
ment will be hatched twelve times and the inter-
mediate tints will be hatched a number of times
included in the range of from twelve to nineteen.
At each passing of the aperture, photo-cell C
(or the cylinder B as the case may be) will be
struck by a luminous signal of constant intensity
but the duration of which is a Tunction of the
position of the spot upon the triangle ¥. It is
obvious that when the spot impinges on a point
located towards the base of the triangle the dura-
tion of the signal is greater than when it falls
upon a point near the apex.

The process forming the subject of the inven-
tion presents a remarkable flexibility inasmuch
as it is simply necessary to modify the contour
of the triangle H in order to shorten or lengthen

10

15

20

25

30

35

40

the duration of the signals. There is thus pro- .

vided a simple and practical means to compen-
sate or correct certain shadings, and the sides
of the triangle may be provided with curved or
broken lines restricting the length of the signals.

Also it is sufficient to adjust the length of the

stroke and the position of the spot on the triangle ;

to transmit the shading with a more or less great
number of points. - Such number of points will
be determined by the quality and thickness of
the material to be ultimately printed.

The electric signals supplied from the output
of the amplifier of the photo-electric ¢ell on the
screening stand (see Fig. 4) are directed towards
the device R controlling recording on the eyl-
inder B or reproducing cylinder housed in a light-
tight box and which may for example be mounted
on the same shaft as the cylinder supporting the
original document, which in this particular in-
stant will ensure positive synchronism of opera-
tion without the provision of any special means.

If the apparatus is devised in such a manner
that, structurally, each revolution of the disk B
will correspond to a linear displacement of one
centimetre when the disk transmits twelve signals
per revolution, it may be said that the screen
pattern comprises twelve points per centimetre.
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If the diSk transmits nineteen points, the sereéti
will be said to have ninefeen points per centimetre
and so on, :

The rates of rotation of the eylinder and the
driving motor for the disk D may be electrically
interlinked by being electrically “in step” with
each other to enable an accurate definition of the
number of points per centimetre to be obtained,

The disk D’ comprising a ring of radial slots
(Fig. B) is used in a number of cases where a
continuous or progressive variation in the pitch
step is unnecessary, and where a limited number
of different screen patterns is sufficient to give a
shades impression, because the triangle cut out
in the screen, which is positioned in front of the
disk, already has for its function to thicken or
conversely to reduce the length of the luminous
points impressing the photographic film placed
on the recording cylinder. .

A screened document may for example be
formed by four different kinds of hatches. By
way of indication, fourteen hatches per centi-
metre may be used for background tints, eighteen
for dark tints, twenty-four for medium tints and
twenty-four for pale tints. Naturally the above
figures are given merely by way of indiestion and
the number of hatches as well as their pitch step
or spacing may be varied according to the nature
of the support to be printed and also the compo-
sition of the colour which is to be used or the
effect to be provided.

The disk D’ may for instance comprise, starting
from the circumference, @, b, ¢, d, four rings of
slots of similar height, the first ring having four-
teen slots, the second ring eighteen, the third
twenty-four and the fourth twenty-eight,

It will be seen that the spot S may be so posi-
tioned as to overlap the slots of two successive
rings, for instance the second and third rings b, ¢,
and in this position there would be 18--24 lumi-
nous signals transmitted.

It is therefore necessary to provide means such
that the spot S will be incapable of occupying
such a position and will pass suddenly from one
ring to the next one.

The mirror M of the oscillograph (Fig. 10) is
adjusted so that the spot S will be positioned over
the aperture H (Fig. 6) in the total absence of
any current (white areas) and at the base of said
aperture when there is a maximum current (black
areas). :

When said current passes from a minimum to
a maximum the spot S occupies positions inter-
mediate between the apex and the base of the
aperture H. '

Assume the original document is in one color
drawn in Indian ink in shaded tints. If a given
shade or tint causes the main spot S (see Fig. 6)
to be stopped upon the ring of slots b, that partie-
ular tint being shaded, the spot will move along
that ring of slots.

The spot S is structurally positioned at s cer-
tain distance from the aperture I. The photo-
cell C (Fig. 10) or the film will record the lumi-
nous impulses provided by the spot S through
the aperture H and the slots of the ring of slots b.
The duration of said impulses will be Propor-
tional to the width “1” of the triangle (Fig. 6)
at the place where the spot passes therethrough
since any one of the slots of the ring b requires
a period of time “t” to travel over the distance “1.”

If the shade becomes darker, the main spot S
(Fig. 6) moves downwards and the secondary spot
8’ moves with it because they are both controlled

5 by the mirror of the oscillograph. When the .
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main spot is abt the base-of the'ring of:slots b
(Fig. 7) the width “1’” of the triangle at this
point is greater than “1.” Because .the screen
pattern has not changed there will be the same
number of luminous impulses per centimeire of
cylinder travel, but the durdtion of each impuise
will be greater since each slot of the ring requires
more time to travel through “1’” than it did:to
traverse “1,” and the net result will be that there
will be more colour deposited upon printing.

For this position of the main.-spot S, the see-
ondary spot &’ will have moved closer to the aper-
ture I to the point of touching it, but should both
spots continue to move downwards by ‘a few
tenths of a millimetre further, that is should the
spot S tend to move towards the ring of glots @,
the light from the secondary-spot S’ would begin
to pass through the aperture I, the photo-cell C’
is slightly illuminated and generates a small
amount of current which is fed back to'the oscillo-
graph, the mirror M of which causes the spots
S and & to move still further down. The spot
S’ passes through the aperture I to a greater ex-
tent, and there is therefore an increase in the
current supplied to the oscillograph. The spots
8 and S’ will thus move further down and so on,
until 8’ is allowed to completely pass through
the aperture I. The spot S is then positioned at
the upper part of the ring of slots a. At that
time g state of balance sets in, because.if the spot
S’ were to move down any further, it would move
out of the slot I and the photo-ecell heing less
strongly illuminated would generate less current
which in turn would cause the spots to move
upwards.

The above-described movement is effected very
rapidly and the main spot 8 jumps very fast from
one ring of slots to a next one without being. al-
lowed to stop astride a pair of different rings.

 After the spot S has reached the position illus-
trated in Fig. 8, one of the following two condi-
tions may occur:

1, If, as a result of a change in shading in the
document, the spots S and S’ have a tendency to
rise, the secondary spot 8’ will no longer entirely
pass through the aperture I, and the photo-cell
C' shown in Fig. 1¢ will supply less current to the
occillograph. As g result the spots S and 8" will
rise yet further and the cell C* will receive less

and less light until it remains completely in the 5

dark and the spots S and 8’ will again be re-
stored to the position of Fig. 7.

2. If on the other hand the shading of
document being scanned is such ag to cause the
spots § and S’ to move down rather than up, the
secondary spot S’ will move away from the aper-
ture I, the photo-cell C’ of Fig. 10 will receive
less light thus feeding less current to the oscillo-
graph which in turn will be effective to retard
the downward movement of the spots. This is
manifested by a slight fiattening in the modula~
tion which will prevail as long as the secondary
.spct S has not entirely left the aperture I

In the case of “flat-tinted” documents and
‘with the stepped form of aperture H (Fig. 9,
the operation of the light spots will be the same
as previously described; but the displacements of
‘the main spot S over a given ring of slets pro-
vide onr the main cell C of Fig. 10 periods of
illumination of equal duration. Said displace-
‘ments being simply due tc the slight irregulari-
ties which may occur in the “flat” tint corre-
sponding to that particular ring of slots, correc-
tion is therefore automatically effected. The spot
S moves from one ring to another only when
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there is.a change in the shade of the “flat” tint.

The: displacement of the mirror of the oscillo-
graph with respect to the current fed to the
latter is generally not strictly proportional to
said current.

Tt follows that if it is desired always %o ob-
tain = similar displacement for the spot S as it
jumps from the ring a to the ring b, then from b
to.c and later from c to d, the three apertures
1, I’, I should not be identical. Their height
dimension is left unchanged, but, in the case of
Fig. 7 for instance, the slot I will be provided
longer than I" which in turn will be longer than
1''. In other words, tc obtain a similar displace-
ment for the spot S, it is necessary that the
photo-cell should receive -more light when the
spot 'S is positioned ‘towards the base of the
aperture H than when S is positioned towards
the top. The length dimensions for I, I’ and I"
are -determined experimentally once for all ac~
cording to the type of oscillograph used.

It will of course be understood that various
alterations, improveinents and additions may be
made in the embodiments described and illus-
trated and certain devices therein may be re-
placed by equivalent ones without the general
principie of the invention being thereby altered.

Thus in particular the rings of slots may be
provided with varying heights if required, in {he
case of “flat tints”; the location of the acditional
slots and the secondary spot on the screen may
difier from that shown, as for example it may
ke at one side of said screen.

Ag previously stated, the intermiitent luminous
signals produced from ine pencil of light issuing
from the source of light ‘A through the slot F

- after reflection trom the mirror M and through
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the screen G, disk D and lens I’ may if desired
be caused directly to engage ‘the reproducing
cylinder B.

Fingily any mechanical or electrical device
controlling an engraving teol or punch may he
operated from the amplifier of the main photo-
cell; also, the optical device controlled from the

5 game ampiifier and acting on the same photo-

ceii may be of any suitable type.

What I claim is:

1. A reproducing arrangement for transtorm-
ing half-tone documents into a printing wets, of
tie type wherein the docwinent to e transformed
is scanned by photoelectric means and wherein a
light beam reflected by a galvanometer mirror
responsive to the electrical current from said
scanning means passes through slots in a rotat-

' ing obturator disc and is caused to sweep said
‘disc from the center to the periphery thereof in

accordance with the shade of the scanned area in
the document, wherein said slots are regularly
spaced angularly along circumferences coaxial
with said dise with a number of said slots vary-
ing from the center to the periphery of said disc,
and said reflected light beam passes through a
fixed, substantially triangular aperture arranged
in the vicinity of said disc and whose main axis
extends radially with respect to said disc with iis
base in regard to that portion of said disc pro-
vided with the lesser amount of said slots, where-
by light signals are produced whose number and
cross-sectional area at any time ave functions of
the shade of the area scanned at that time in said
document. '

2. A reproducing arrangement as set forth in
claim 1, wherein said slots are of constant width
throughout and extend along a curved pathin a
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general direction from the center to the periph-
ery of said obturator disc, the number of said slots
progressively increasing from said center to said
outer periphery and the interspacing of said slots,
as measured along circles coaxial with said dise,
being constant along any given one of said circles.

3. A reproducing arrangement for transform-
ing half-tone documents into a printing weft of
the type in which the document to be transformed
is scanned by photoelectric means and in which
a light beam reflected by the mirror of an oscil-
loscope having a galvanometer responsive to the
electrical currents from said photoelectric scan-
ning means passes through slots in a rotating
obturator disc and is caused to sweep said disc
from the center to the periphery thereof in ac-
cordance with the shade of the scanned area in
said document, comprising in combination: an
axis about which said mirror is adapted to swing;
means for striking said mirror with a pair of light
beams of constant intensity thereby forming a
pair of separate reflected light beams the angular
spacing of which remains constant; a screen in
the path of both said reflected light beams,
formed with a substantially triangular aperture
therein in the path of a first one of said reflected
light beams, the main axis of said aperture be-
ing perpendicular to said swinging axis, said
screen further being formed with a plurality of
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slits each extending in a direction parallel to the 30

direction of said first-mentioned axis, said slits
being arranged in the direction of said main axis
for said triangular aperture in the path of the
second one of said reflected light beams: said slots
in said obturator disc being distributed in series
of slots having a constant circumferential width
and regularly spaced along circumferences co-
axial with said dise, the number of the slots in
each of said series increasing from a central cir-
cumference to an outer circumference, and the
number of said series of slots being greater by
one digit than the number of said slits in said
screen; said obturator disc being positioned be-
yond said substantially triangular aperture with
respect to said mirror with a radius parallel to
said main axis of said aperture and with the base
of said aperture lying in regard to the central

10

portion of said dise; second photoelectric means
adapted to be struck by said second reflected light
beam when passing through any one of said slits;
means for connecting said second photoelectric
means with said galvanometer thereby imparting
to the same an additional angular displacement;
and said slits in said screen and said series of
slots in said obturator disc being so positioned
with respect to each other that said second re-
flected beam only completely sweeps a related one
of said slits when said first reflected beam im-
pinges on said obturator disc substantially be-
tween two radially consecutive series of slots,
whereby the additional angular displacement im-
parted to said mirror through said second photo-
electric means at any time insures that said first
reflected light beam only rests on an annular area
of sald obturator dise provided with a related
series of circumferential slots.

4. In a reproducing arrangement as in claim 3,
said substantially triangular aperture in said
screen being formed with stepped lateral edges
whose straight portions are arranged respectively
in front of said disc circumferences provided with
said series of slots. .
MAURICE LLANGE,
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