et

Apri] 6, 1954 R. HELL 2,674,654

APPARATUS FOR SYNCHRONIZING FACSIMILE PRINTERS

Filed Aug. 5, 1950

T T

o e WY

(
DEMODULATOR, YOLTAGE

RECEWVER ] H LIMITER
: gz

FILTER

AND
SYNCHRONIZING
. .
[

D ATOK|
RECEIVER g" é |

Jo _Treiergtor
_Frdeo ‘ \_‘7%/4% :

& 7 .



Patented Apr. 6, 1954

2,674,654

UNITED STATES PATENT OFFICE

2,674,654

APPARATUS FOR SYNCHRONIZING
FACSIMILE PRINTERS

Rudolf Hell, Kiel-Dietrichsderf, Germany, as-
signor to Sieméns & Halske, Aktiengesellschalt,
Munich, Germany, a corperation of Germany

Application August 5, 1950, Serial No. 177,822

Claims priority, application Germany
January 21, 1950

13 Claims.

1

This invention is concerned with appaftatus
for synchronizing facgimile printers, particularly
receivers employed in the transinission of sym-
bols in o system, for example, of the type de-
scribed in co-pending application Ser. No, 170,552,
filed June 27, 1850, wherein the symbols are in-
dividually analyzed and subdivided into compo-
nent elements stuch as image dots for transmis-
sion in the form of fixed series of signal im-
pulses which are continuously secanned or sensed
at the receiving end. The scanning or sensing
of the signal impulses contfols the printing of
the image elements to form the corresponding
symbols which congtitite a message.

Previously proposed systems provide for syn- |

chronization only during the transmission of the
signal impulsés constituting the image elements,
omitting synchronization during intervals be-
tween words and generally during intervals be-
twéen the transmission of signal impulses. It is
clear therefore that the drive for the printer
apparatus at the receiving end may fall out of
synchronism during such intervals, cavsing grad-
ual upward or downward shifting of the printed
lines. Attempts made in the past to incorporate
individual synchcroniZing impulses during such
transmission intervals have not been fully suc-
cessful, because the synchronizing impulses might
distort the symbol images and thus adversely
afiect their legibility.

In order to synchronize the transmission, the
invention proposes to transmit syachronizing im-
pulses which are uniformly superimposed on the
signal impulses and also appear during the trans-
mission intervals, such superimposed impulses
being used at the receiving end for the purpose
of synchronizing the drive motor of the corre-
sponding printer apparatus and béing filtered out
from or suppressed in the circuit which controls
the printing of the symbols. The advantage ¢on-
sists in uninterruptedly maintaining synchro-
nization throughout the entire transmission with-
out adversely affecting the legibility of the
printed symbols.

While the invention is of particular signifi-
cance in connection with printers furnishing
sheet récords, it is likewise applicable to tape
printers and will substantially enhance their
utility. _

The identical carrier frequency is preferably
used for the fransmission of the superimposed
impulses and for the symbol signal impulses. The
impulse frequency of the superimposed impulses
may be higher or lower than the fréquency of
the symbol signal inpulses, or it msy be iden-
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tical with it, but is preferably of the same range.

The means at the receiving end for filtering
out the superimposed impulses may bhe kept sim-
ple in accordance with the invention, in view of
the fact fhat the imipulse frequéncies of the su-
perimposed impulses and of the symbol signal
Impulses bear a rational relationship. It is par-
ticularly suitable to make one an integral multi-
ple of the other, or to make both identical. It
Is possible by such a choice of impulse fre-
quencies o transmil the superimposed impulses
in phase with the symbol signal impulses. _

The above indicated cperation is accomplished
by separately producing at the sending station
the symbol signal impuises and the impuilses to
be superimposed thereon, mixing such impulsés
and causing their operative release only respon-
sive to the generation of one of the two impuilses,
while transmission is inhibited either in the ab-
sence of impulses or in the simultaneous presence
of symbol signal impulses and of the impulses to
be superimposed. The reverse is the case in a
modified arrangement in which sending or trans-
mission takes place in the presence of double im-
bulses and also in the absence of impulses, and
in which individual impulses are suppressed. ,

In accordance with a further embodiment of
the invention, the frequency of the superimposed
impulses, or a multiple thereof, is illtered out at
the receiving end and is employed for synchroniz-
ing the driving unit of the corresponding printet
apparatus. i . .

Another method which may be employed for
synchronization in accordance with the inven-
tion resides in suppressing the superimposed irn-
pulses by suitable cam control means during the
sensing or scanning of a line zone, for example,
the marginal zone, and then effecting the syn-
chronization by auxiliary sénsing or scanning of
such marginal zone. A particularly suitable em-
bodiment for the marginal synchronization re-
sults from the use of identical impulse fre-
quencies for the symbol signal impuises and for
the superimposed impulses.

It the length of the superimposed imipulsss is
made equal to the maximum length 6f a symbol
line—the impulses corresponding, e. g., to the
five or more ithage dots of a vertical I-stroke—
and, if care is taken that transmission takes
blace only for individual impulses, a bright type
or symbol image will appear in normal reeep-
tion upon a dark background. In order to obtain,
Dpositive types, negative printing is accomplished
at the receiving end, e. g, by suitably construct-

66 ing the corresponding printing system or by feed~
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ing a blocking voltage to the receiver rectifier
stage coincident with the impulses. Since the
marginal zone would in such case appear dark,
the invention proposes to screen out the scan-
ning thereof at the receiving end by means of a
control cam or other suitable means.

The objects indicated in the foregoing discus-
sion and additional objects and features of the
invention will appear from the detailed descrip-
tion of the accompanying drawings illustrating,
in more or less schematic manner, some embodi-
ments to give examples. In these drawings,

Fig. 1 shows in diagrammatic circuit repre-
sentation means at the transmitter for producing
impulses and for controlling the transmission
thereof; '

Irig. 2 shows a modified circuit for use in place
of the circuit shown in Fig. 1;

Fig. 3 illustrates in similar diagrammatic rep-
resentation an example of a circuit arrangement
for controlling the synchronous operation of the
printer means at the receiver; and

Fig. 4 indicates in diagrammatic manner es-
sential parts of receiver circuit means employing
modified synchronizing means.

Known elements will be discussed only to the
extent required for conveying an understanding
of the invention. 'The co-pending application
mentioned before may be consulied for details
concerning certain aspects of the system, and
portions thereof which are pertinent to the pres-
ent disclosure should be treated as if they were
included herein.

Referring now to Fig. 1, numeral { indicates
rotatable cam means for controlling a number of
contacts such as 2, only one such ccntact being
shown for convenience, to produce signal im-
pulses corresponding to image elements of the
symbols to be transmitted. Upon the drive shaft
of the cam means { is disposed a cam 3 which
produces, by ccaction with contact & uniform
alternations, e. g., of 50 cycles. The contacts 2
and 4 are connected in a bridge circuit, the arms
of which are formed by the impedances 5, 6 and 1.
The impedance T forms two bridge arms, being
tapped at the middle and being connected to an
alternating current source through a trans-
former, as shown. The bridge is in equilibrium
when the two impedances § and & are either
simultaneously fully in circuit or simultaneously
short-circuited by the associated contacts § and 2,
respectively. There is no potential at the termi-
nals of the impedance 7 in such instances, and
accordingly no transmission of impulses over
the line which extends from the transformer 8.
An alternating current potential is set up across
the terminals of the impedance 7 only when the
equilibrium of the bridge is disturbed by the clo-
sure of either confact 4 or contact 2, and such
potential is transmitted in the form of an im-
pulse through the transformer 8.

The mixed impulses generated by the arrange-
ment shown in Fig. 1, comprising the symbol sig-
nal impulses and the superimposed impulses are
transmitted to the receiver 9 shown in Fig. 3 and
are distributed to two circuits after rectification
in a suitable demodulator {8. One of the two
circuits serves for synchronization of the printer
motor (2, the cireuit comprising a suitable filter
and synchronizing generator (i having desired
filtering means for filtering out the impulse fre-~
quency of the superimposed impulses or of a
multiple thereof. The generator is suitably con-
trolled by the superimposed frequency which has
thus been filtered out, producing an alternating
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current voltage which is synchronous with the
impulse frequency transmitted. This alternating
current voltage serves to drive the motor {2, which
may be a synchronous motor, having a shaft on
which is disposed the printing spindle (3 of the
facsimile printer.

The alternating current voltage produced and
synchronized by the generator {f is utilized to
filter out and to suppress the superimposed im-
pulses in the circuit of the printer system (4 of
the facsimile printer. The alternating current
voltage is for this purpose conducted from the
generator {1 over a suitable rectifier 15 to a suit-
able voltage limiter {6. By corresponding over-
load control of the alternating current there is
produced at the output end of the rectifier 15 a
rectangular impulse series having steep sides, the
amplitude of which is brought to a predetermined
value by the voltage limiter {6. The form of this
impulse series as it occurs at the output end of
the voltage limiter {8 is indicated at 17. Such
impulse series is fed to the impedance 18 of a
suitable modulator, e. g., of the ring modulator
type, which also comprises an impedance 19 and
two rectifiers 23 and 2{. The mixed received
impulses from the demodulator {8 are also fed
to the voltage limiter 22 and the resulting mixed
voltage is then conducted to the impedance (9.
At the output end of the voltage limiter 22 is set
up a mixed impulse series which is indicated by
the curve 23. The superimposed frequency {7 has
to be filtered out from this mixed impulse series.
This is accomplished by the ring modulator which
controls the actuation of the tube 24, the latter
effecting the operation of the printer system {4
at the moment when a voltage is set up by the
impulse series {7 or 23 at one or the other of the
two impedances I8 and 9. The printer system
14 is thus operatively affected only by the symbol
signal impulses, while the superimposed impulses
are cancelled out in the ring modulator circuit.

Different means may be employed in place of
those shown in Figs. 1 and 2, for accomplishing
the same results.

For example, as shown in Fig. 2, a relay 35
having two windings connected at a common
point to a current source 36, may be used at the
transmission end in place of the bridge circuit
shown in Fig. 1, the symbol signal impulses and
the superimposed impulses acting on the respec-
tive windings of such relay, the circuit connec-
tions being so arranged that operative actuation
is produced which corresponds to that of the
bridge circuit. More particularly, the cam con-
tacts 4 and 2 in Fig. 2 correspond to similarly
numbered contacts in Fig. 1 and are acted upon
by associated cams as shown in Fig, 1 (omitted in
Fig. 2). The cam contact 4 is in series circuit
with the left-hand winding of relay 35, and the
contact 2 is similarly in series circuit with the
right-hand winding of this relay. The current
source may be any suitable and desired source,
the battery 38 being indicated for the sake of
convenience. The relay 3% is an ordinary non-
polarized relay. The two windings are identical
and are disposed in opposition. Accordingly, .
when current flows in both windings in the di-
rection of the arrows, the relay will remain at
normal. Operative actuation will result only
from the energization of one or the other winding
regardless of the direction of current fiow through
such winding. Contact 35a of the relay 35 will
then be closed to connect an alternating current
source 37 to the transformer § corresponding to:
the similarly numbered transformer in Fig. 1,
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and a signal will'lbe transmitted .as in the.case of
Fig. 1. Suitable valve relay means,.e.:g., a multi-
vibrator arrangement, may also be employed to
obtain the desired results.

The circuit means and arrangement at the re-
ceiving .end, as shown in Fig. 3, may likewise be
meodified within the scope. of the invention. For
example, a suitable glow lamp .generator analo-
gously acted upon by the control frequency may
take the place of the filter and synchronizing
generator {f.

The motor 12 may be constructed -as a syn-
chrenous motor, as indicated before, or as 2 tone
wheel. The ring modulator may be dispensed
with, e. g., by providing the printer system 14
with two windings which are acted upon by the
two voltages {7 and 23 in .such & manner that
the printing means is -operatively actuated .only
in the presence of symbol signal impulses aciing
on -one of its windings, remaining inactive re-
sponsive to the energization of both of its wind-
ings.

Fig. ¢ illustrates a modified receiver arrange-
ment. Connected with the demodulator {8 which
in turn is coupled with the receiver 8, as before,
is a device 2§ for -effecting the synchronization
by auxiliary scanning or sensing -of the marginal
zones of the symbol fields. It is assumed in this
case that impulses are at regular intervals
screened out from the superimposed. impulses, at
the transmission end, leaving the marginal zones
or other suitable zones wholly or partially free.
The arrangement controls s motor 25 which
drives the printing spindle 27 of the facsimile
printer. A cam 238 is disposed cn the motor shaft
for operatively actuating a contact 26 in step
with the superimposed impulses. Synchronizing
impulses are in this manner produced in one
winding of the printer magnet 38, while the:other
winding is -affected by the .mixed received im-
pulses. The two windings are suitably so con-
nected as to cancel out the superimposed im-
pulses. :

The uniformity of the superimposed impulses
is assured at the transmitter and at the receiver
by identical form of the cams 4 and 28 shown in
Figs. 1 and 3, respectively. The synchronous op-
eration of these cams is assured by the circuit
and switching means discussed before. The cams
may be angularly adjustably mounted on their
shafts so as to permit adjustments to compen-
sate for phase differences that may result from
structural tolerances of the apparatus.

An exchangeable single or adjustable multiple
cam control may also be used at the receiver,
which may be combined, if desired, with the
arrangement shown in Fig. 3, to obtain the ad-
vantage of easily carrying out adjustments of
the superimposed frequency, by exchange or ad-
justments of the corresponding cam means, in
accordance with transmission speeds which vary
in known manner, depending on transmission
conditions.

It may be desirable te protect the owner of the
equipment against unauthorized reception of
transmitted messages. It is proposed for this
purpose to construct readily removable parts of
the receiving means in the form of unitary strue-
tures which may be put in charge of the operator
at the discretion of the owner. Especially suit-
able for this purpose are the means serving the
the unscrambling of the impulses, for example,
the cam 28 of Fig. 4 or the ring modulator means
of Fig. 3. The reading of a message is made dif-
ficult without these unscrambling means, due to
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the superimposed synchronizing :impulses, thus
giving a certain protection.against unauthorized
use of the service.

The transmitting arrangement is considerably
simplified in the ecase of -operating with negative
vrinting and marginal zone synchronization, as
described before. The symbols are arranged in
negative form for coaction directly with the cam
means | shown in Fig. 1, the marginal gaps acting
thereby in the same manner as the symbol image
signal .impulses and causing no impulse f{rans-
mission. In other words, the transmitter is pre-
vided with negative symbols. The cam:3 and also
the inixing ‘means 5—7 may then be omitted.

Changes may be made within the scope and
spirit of the appended claims.

I claim:

1. In a teleprinter system of the class.describead,
means for continucusly transmitting successive
series -of signal impulses, means for superimpos-
ing series of synchronizing impulses on the series
of -signal impulses during the transmission there-
of, receiver means comprising & printing spindle
driven by a suitable moior and a printer mognet

5 having two windings, means at the receiver for

rectifying -the fundamental -frequency of said
superposed -impulses, means for conirolling said
rectified fundamental -freguency to produce :im-
bulses having steep sides for driving said motor,
limiter ‘means for limiting .the wvoltage of .the
fundamental frequency of said superpesed im-
bulses-and the voltage of ‘the:mixed received im-~
pulses, respectively, to obtain similar amplitude
thereof, and circuit means for controliing the
two respective windings of said printing magnet
being .controlled by said signal impulses and by
said rectified fundamental freguency, respec-
tively.

2. In a facsimile system comprising a trans-
mitter and a receiver, in which :symbols -are uni-
formly subdivided in the transmitter for the
transmission of series of symbol-unit impulses
corresponding to said subdivision and in which
said series of symbol-unit impulses are succes-

» Sively reproduced in the receiver to form said

symbols and in which synchronizing impulses are
transmitted by the transmitter for synchronizing
the operation of the receiver, said transmitter
including means for producing said series of
symbol-unit impulses and having impulse-gener-
ating means for continuously producing said
synchronizing impulses, the amplitude of said
synchronizing impulses corresponding to the am-
plitude of said symbol-unit impulses and the
frequency of said synchronizing impulses bearing
a fixed ratio to the subdivision of said symbols,
circuit means for mixing said series of symbol-
unit impulses and said synchronizing impulses
and for transmitting said mixed impulses; said
receiver including means for receiving said mixed
impulses, circuit means forming a first and a sec-
ond circuit branch to each of which said mixed
impulses are directed, an impulse regenerator in
said first circuit branch for producing from said
mixed impulses series impulses of a frequency
and phase position corresponding to those of the
synchronizing impulses produced in the trans-
mitter, for controlling the synchronous operation
of said receiver, control means in the second cir-
cuit branch respousive to said mixed impulses
and to said synchronizing impulses, respectively,
for producing a series of symbol-unit impulse
which corresponds to the symbol-unit impulse
series transmitted to said receiver, and receiver
printer means responsive to said last-named
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symbol-unit impulse series for forming the sym-
bols corresponding thereto.

3. The system as set forth in claim 2, wherein
the frequency of said synchronizing impulses cor-
responds to that of said symbol-unit impulses.

4. The system as set forth in claim 2, wherein
the frequency of said synchronizing impulses
forms an integral multiple of the frequency of
said symbol-unit impulses.

5. The system as set forth in claim 2, wherein
said synchronizing impulses are transmitted co-
phasally with said symbol-unit impulses.

6. The system as set forth in claim 2, together
with control means in the transmitter for con-
trolling the transmission of said synchronizing
impulses and said symbol-unit impulses, said
control means comprising a circuit responsive to
said impulses, and means in said circuit for sup-
pressing transmission in the simultaneous pres-
ence of g synchronizing impulse and a symbol-
unit impulse.

7. The system as set forth in claim 2, together
with control means in the transmitter for con-
trolling the transmission of said synchronizing
impulses and said symbol-unit impulses, said
control means comprising a circuit responsive to
said impulses, and means in said circuit for sup-
pressing individual impulses of either series of
impulses.

8. The system as set forth in claim 2, together
with control means in the transmitter for con-
trolling the transmission of said synchronizing
and said symbol-unit impulses, said control means
comprising a bridge circuit, two arms of said
bridge circuit being respectively affected by said
synchronizing and said symbol-unit impulses, and
another arm of said circuit being common to said
two arms for controlling the transmission of said
impulses.

9. The system as set forth in claim 2, together
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with control means in the transmitter for con-
trolling the transmission of said synchronizing
and said symbol-unit impulses, said control means
comprising a control relay having two windings,
means for directing said synchronizing impulses
to one of said windings, means for directing said
symbol-unit impulses to the other winding, said
relay remaining inoperative to suppress transmis-
sion in the simultaneous presence of a synchro-
nizing impulse and a symbol-unit impulse.

10. The system as set forth in claim 2, wherein
the impulse regenerator in said receiver com-
prises a discharge device and filter means.

11. The system as set forth in claim 2, wherein
said receiver printer means comprises a magnet
having two windings, means for rectifying the
fundamental frequency of said synchronizing im-
pulses, and circuit means for actuating one of
said windings by said rectified fundamental fre-
quency and the other winding by said symbol-
unit impulses.

12. The system as set forth in claim 2, wherein
said second circuit branch in the receiver com-
prises rectifier means and a discharge tube con-
trolled thereby for producing said symbol-unit
impulses to operate the receiver printer means.

13. The system as set forth in claim 2, wherein
said receiver comprises a drive motor, cam means
operated by said drive motor, a printer magnet
having two windings, and circuit means controlled
by said cam means for controlling said printer
magnet,
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