Aug. 10, 1948.

Filed Oct. 20, 1945

A.G C E
METHOD OF COMPENSATING FOR FADING
EFFECTS IN A FACSIMILE SYSTEM

| ScAVNER T2
b

=S/

2,446,635

4 Sheets-Sheet 1

i
il

©

Ba

9N\

—

\Dv
N
A\
I
AN

N

$

N

N

N

[

>

i D

|
]
i
L

S

=

| A
=

l

INVENTOR,

AusTive G Coolry

AT TORNEY



Aug. 10, 1948. A. G. COOLEY - 2,446,635
. METHOD OF COMPENSATING FOR FADING
EFFECTS IN A FACSIMILE SYSTEM

Filed Oct. 20, 1945 4 Sheets-Sheet 2
L~ {‘ W
[— .'GT-__L___. T
[\ 3 %\ ¢ d ~
; d )
X v
& 119 Sy
M S\l SRR I U
Y LN N
; L ] s [

ipccesver —

TRANS
Y
RAOIO

—1 RAD/O

: " INVENTOR,
AusTive & Coocsry

e

AT TORNEY




2,446,635

INVENTOR.

S

4 Sheets-Sheet 3

AT TORNLY

\\\K \<Q ,>\\m,m,\\_\ S/ n,\nwkkhww _.N_\,\O

—— = IvIL

Q}R_ WO w\gim\\_\ m\ @Q& 77 INO

,4’(/57'//\/ & CooLcLy
BY

-

A. G. COOLEY
METHOD OF COMPENSATING FOR FADING
EFFECTS IN A FACSIMILE SYSTEM

Aug. 10, 1948.

Filed Oct. 20, 1945

WW\
W ekl

a9

vo&T7y Kooe
Y% . D6tr
N VSO - . .
gwe [ 1 e [ ) )
SIA/TOTZY | o ] "SANEML L E B
o G | _ A t
1||mQRuQHML : :
Vi rl_ gy 1 o
’ 3 [
nwnxpwmhm% —| A5e = :

r |



Aug. 10, 1948. A. G..COOLEY 2,446,635
"METHOD OF COMPENSATING FOR FADING
EFFECTS IN A FACSIMILE SYSTEM

Filed Oct. 20, 1945 4_Sheets—$heet 4

—

2l

= o)
9 N
.9 Q
V& Gko
?QQ wlk
‘«& \&

)
g7
a I ?

Ar7F
270D,

FRLEQ
SHIFTER
PECE/VER

RECEIVER
2

1l

O &

1 o 33 3

I, BN R A\
) . .
3 yx
<N g N
%h _Q 4§§§.

‘ 0,

2

—

£4§ '

INVENTOR.
AusTiv & Coossry

“H f

A7 T7TORNE Y




Patented Aug. 10, 1948

2,446,635

UNITED STATES PATENT OFFICE

2,446,635

METHOD. OF COMPENSATING FOR FADING
.EFFECTS IN A FACSIMILE SYSTEM

-Austin G. Cooley, New Yerk, N. Y., assignor to
Times Facsimile Corporat:on, a corpomtmn of

" New York

-Application October 20, 1945, Serial No. 623,588
(CL 178—8)

5 Claims.
, 1

‘This invention relates to facsimile systems and
more especially to improved methods and appa-
ratus for radio transmission of facsimile subject
matter.

A principal object of the invention is to provide
a novel method and apparatus for transmitting
facsimile signials via radio, and whereby the dis-
turbing effects of signal fading in the transmission
channel aré substantislly reduced in so far as
readability or accuracy of the recorded signals is
concerned.

Another objeet is to provide an improved
method and apparatus for telegraph signalling
whereby the gccuracy of the reprodueed message
is materially increased notwithstanding the effects
of fading in the cormmmunication channel,

A feature of the invention relates to a unitary
facsimile machine for transmitting intelligence
by facsimile scanning, whereby the same message
can be scanned in time displaced duplicate, with
the displacement coordinated with the fading
conditions encountered in the communication
channel é. g., a radio channel, over which the
Tacsimile signals are being transmitted.

A further feature relatés to the novel organiza-

ion, arrangement.gnd rélative interconnection
of parts which cooperate to provide an improved
tape telegraph transmission system

Other features and advantages not specifically
enumerated will be apparent after a considera-
tion of .the following. detailed’ descriptions and
the appended claims.

In the drawing,

" Fig, 1 is a front elevation of a unitary duplex
facsimile scanning - machine according to the
ihvention.

Fig. 2 is a left-hand end view of Fig. 1.

Fig, 3 is a schematic diagram in block form, of

a system embodying features of the invention.

Fig. 4 is 3 modification of Fig. 3.

Fig, 5 illustrates a portion of a recording tape
on which the facsimile subject matter is repro-
duced according to the invention.

Fig. 6 is a modification of Pig. 4.

In the transmission of intelligence via radio,
thé phenomenon referred to as fading is usually
encountered. In the-case of voice transmissions,
the seriousness of the fading effect may not be
as great as in the éase of telesraph signals which
must be reproduced-in recorded form. In many
cases, the fading occurs iit-cycles which are spaced
apart at various intervals from a few seconds to
several minutes in-duration. This interval ordi-
narily does not vary in duration abruptly, so that
for a givéen télegraphic-message the duration of
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the fading periods can be estimated within cer-
tain limits. In accordance with the present in-
vention, the difficulties arising from fading in the
communication channels are greatly reduced, in
so far as readability or accuracy of the recorded
facsimile signals is concerned, by transmitting
the original intelligence through the intermediary
of duplicate facsimile scanners. One scanner is
arranged to scan the original message in time dis-
placed relation to the other scanner, and this time
displaced duplicate scanning is- correlated with
the duration of the prevailing fading intervals.
At the receiving end, the duplicate transmissions
are both recorded in displaced relation on a pair
of tapes or on the same tape. By comparing the
messages recorded on the two tapes, any deletions
on one tape caused by fading are supplied by the
other tape. Such an arrangement will, under
many fading conditions, reduce the necessity of
“repeats” by 80 or 90 percent. Heretofore, in
order to overcome the effects of fading in such
systems, it has been proposed to transmit each
word twice. In some cases each complete word
has been required o be transmitted three times,
while under other conditions each letter is trans-
mitted twice. The transmission time consumed
in such repeats is in some cases prohibitive. In
accordance with the present invention, not only
is the percentage of repeats reduced but there is
at all times at the receiver a duplicate record by
means of which the lack of completeness of one
record can be immediately compared with, and
supplemented by the other record.

In order to achieve the cbjects of the invention,
there is provided a special unitary duplex fac-
simile tape facsimile machine which is shown in
Figs. 1 and 2. The machine comprises a base
plate {, on which is fastened a pair of end plates
2, 3, and between which the shelf 4 extends. Fas-
tened to shelf 4 is a suitable driving motor 5 which
has oppositely extending shaft ends to which are
fastened the respective scanning heads 6, 1. Each
head includes g cylindrical scanning drum 8 which
encloses a photoelectric cell 9, the drum 8 being
rotated by the motor shaft. Each member 8 has
a series of rows of scanning holes i# disposed in
plural helical arrangement around the periphery
of the cylindrical housing 8. For a detailed de-
scription of the scanning heads 6, 1, and the
rotatable scanning drums 8, reference may be had
to my U. 8, Pstent No. 2,363,398.

Mounted on plate 2 is an electric lamp (!, a
condenser lens system {2, and an aperture plate
{3, having a light slit {4 therein by means of which
the message tape {5 is illuminated by a trans-
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verse narrow line of light. Also fastened to plate
2 is an objective lens system (6 for imaging the
illuminated transverse strip of tape 15 on the
perforated scanning drum 8. 'The tape 1§ is
adapted to be fed at a constant rate of speed in
the direction of the arrow (Fig. 2) by means
of a roller- {7 which is driven through suitable
gearing 18 from the motor 3. Suitable pressure
rolis 18, 28, hold the tape {5 in contact with the
knurled or serrated peripheral edges 21 of the
feed wheel {7. As a result of the continuous lin-
ear movement of the tape 15 and the rotation
of the scanning drum 8, the tape {5 is scanned
in successive elemental areas exiending across
the width of the tape. Consequently, the sub-
ject matter on the tape {5 is translated by means
of the photoelectric cell 9 into corresponding
facsimile signal current. The tape {5 after
passing the scanning point proceeds through
guide rollers 22, 23, and thence is looped around
the machine as indicated by the numeral 2§,
and passes through a pair of guide rollers 22q,
23¢a, and thence between rollers 11a, {9¢ and 28a,
which are identical with the corresponding roll-
ers i7, {9 and 28, on the lefi-hand side of the
machine. Also mounted on the plate 8 is an elec~
tric lamp fi{e which cooperates with the scan-
ning head 7, the condenser lens system {2¢, light
slit member {3q, objective lens system {8q, so as
to scan the tape {5 as it is fed by roller {1a. The
elements iia, i2a, {3a, {8e, 162, are identical
with the corresponding elements #i, 12, 13, i&
and 16, which are mounted on the left-hand side
of the machine. Likewise, the feed wheel {ic
is driven through gearing {8a from the motor §.

- The scanning drum 8¢ within the head 7 is
substantially the same as the scanning drum 8
at the left-hand side of the machine except that
in accordance with one feature of the inventien,
it has a greater number of scanning rows of
perforations than the number of rows of per-
forations in the scanning drum 8. For example,
if there are 60 scanning perforations in drum
8, there may be 80 scanning perforations in the
corresponding scanning drum 8a within the head
1. Thus, the perforations in drum 8 may be ar-
ranged in three helical rows cf 20 perforations
each, whereas the scanning drum 8¢ within
head T may have four helical rows with 20 per-

forations in each row. It will be understcod, of

course, - that the invention is not limited to a
scanning drum with the scanning perforations
arranged in plural rows, for example the drum
8 may be provided with a single helically ar-
ranged row of 60 perforations, and the corre-
sponding scanning drum in head T may have a
single helical row of 80 scanning perforations.
In any event, the facsimile signals from the head
§ have a regular audio frequency component de-
termined by the rate of rotation of the scanning
drum 8, and the number of scanning perfora-
tions per rotation of the drum. Likewise, the
facsimile signals from head 7 will have a fixed
audio frequency rate which will be different from
the rate of the signals from head 6. If the mo-
tor 5§ drives both scanning drums at the rate of
1800 R. P. M., the frequency of the signals from
head § will be 1809 C. P. 8., and the frequency
of the signals from head 7 will be 2400 C.P. S. It
will be observed therefore, that the tape 15 is
subjected to two separate and time displaced
facsimile scanning operations, and as a resulf
of the loop 24, these two scannings occur at dif-
ferent portions of the tape.. The net result is
therefore that each clemental area of the tape
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is scanned twice but at time displaced phase, the
duration of which displacement is determined by
the length of the loop 24.

At any given instant of scanhing, there are
produced two separate audio frequency signals
e. g., 1800 C. P. S. and 2400 C. P. S. These two
signals can be applied to modulate any well-
known radio transmitter 25, as indicated sche-
matically in Fig. 3, wherein parts corresponding
to those of Figs. 1 and 2 are designated by the
same numerals. The two audio frequency sig-
nals are received in any suitable radio receiver
26 and the detected signals are passed through
respective band-pass filters 27, 28. For example,
the filter 27 may have a pass-band of 1500 to
1900 cycles, and the filter 28 may have a pass-
band .of 2000 to 2500 cycles. The signals from
the filters are amplified in respective audio fre-
quency amplifiers 29 and 20, the oufpuis of
which are applied to respective facsimile repro-
ducers 3f, 32, of any well-known construction.
Preferably, reproducers 3f and 32 are of the
type which employ recording tapes 33, 34, and
such as are described for example in said Pat-
ent No. 2.383,398. It will be understood of
course, that in the manner well-known in fac-
simile transmission systems, the scanning mech-
anism and the tape feed mechanism of the re-
producers 8§ and 32 are synchronized with the
scanning mechanism and the tape feed mecha-
nism of the transmitter (Figs. 1 and 2). The re-
sult of this arrangemenst is that the original sub-
ject matter on the tape {5 is reproduced on two
separate tapes 33 and 34, but as a result of the
time delay between the two sets of facsimile sig-
nals controlling the respective reproducers 3i
and 82, the subject matter on tape 34 for ex-
ample is delayed with respect to the subject mat-
ter on tape 33. If for example, a fade period
should occur in the radio transmission channel
represented by the interval “¢,” no reproduction
will occur on either of the tapes 33 and 34.
However, because of the delayed recording on
tape 24, this deleted subject matier will appear
on a subsequent portion of the said tape 34. The
receiving operator therefore, by lining up the
two tapes, can supplement the deleted recorded
subject matter on one tape by the actual recorded
subject matter on the other tape so as to complete
the message.

Instead of using two entirely independent
facsimile reproducers, a duplex facsimile repro-
ducer may be employed similar to the duplex
transmitter already described. Such an arrange-
ment is schematically illustrated in Fig. 4, where-
in the parts corresponding to those of Figs. 1 to 3,
bear the same designatich numerals. In the em-
bodiment .of Fig. 4, the facsimile repreducer #1
and the facsimile reproducer #2 are identical and
are driven by the same motor 35. However, in
this embodiment, instead of employing two sepa-
rate recording tapes, a single recording tape 36
is employed which is fed through the reproducer
#1 in the direction of the arrow and thence is
looped as indicated by the numeral 37, and is then
fed through the facsimile reproducer #2. The
loop 37 then corresponds to the delay loop 24 at
the transmitter. With this arrangement there-
fore, the two separate scanning fransmissions are
recorded on the same tape ag indicated in Fig. 5,
wherein the spaces between the dotted lines rep-
resent fading intervals in the radio transmission
channel. Here again, by supplementing the miss-
ing recordings on one section of the tape by the
recordings on the other section, a complete mes-
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sage can be determined. It will be understood
that in the arrangement of Fig. 4, the tape 36 is
sufficiently wide to enable the two recordings to
be made thereon and the scanning mechanism of
reproducer { is proporfioned so that it scansg the
section A along the length of the tape while the
reproducer 2 scans the section B along the length
of the tape.

Instead of using a single radio transmitter
which is modulated by two separate audio fre-
quencies derived frem scanner #{ and scanner
#2, if desired two separate radio transmitters may
be employed. In that event, facsimile scanner
#1 would modulate one radio transmitter operat-
ing at one radio transmission frequency, and the
facsimile scanner #2 would modulate the second
radio transmitter operating at a different trans-
mission frequency. With this arrangement the
scanners #! and #2 may be of identical construc-
tion, since the segregation of the two transmis-
sions is determined by the different operating
frequencies of these two transmitters. With this
arrangement therefore, two separate radio receiv-
ers are required, the detected output of one radio
receiver being applied to control one facsimile
reproducer, and the detected output of the other
radio receiver being applied to control the other
facsimile reproducer.

As an alternative method of transmission
where a single radio transmitter is employed, the
signals from facsimile scanner #I1 (Fig. 3), may
amplitude-modulate the radio carrier, while the
signals from facsimile scanner #2 may shift the
carrier frequency over a limited range which does
not interfere with the amplitude modulations
from the first facsimile scanner. Such an ar-
rangement is schematically illustrated in Fig. 6
of the drawing. At the receiving end of the em-
bodiment of Fig. 6, the signals representing the
outputs of the two facsimile scanners are sepa-
rated into respective channels by any well-known
type of amplitude modulation receiver 38 and by
any well-known. type of receiver 39 used in car-
rier frequency-shiff reception. These two sepa-
rate signals are then applied to separate facsimile
reproducers in the manner already described so as
to produce two separate but displaced records of
the original subject matter.

‘What is claimed is:

1. The method of transmitting intelligence by ¢

facsimile to overcome the effects of fading periods
in the transmission medium which comprises,
scanning the same subject matter to produce two
series of currents displaced in phase in correlation

with the average duration of the fading periods !

the said series having individual distinguishing
characteristics, simultaneously receiving and sep-
arating said currents into separate channels un-
der control of said characteristics, and repro-
ducing the subject matter in duplicate under con-
trol of the currents in each of said channels,
whereby two similar records are produced of the
intelligence but with the effects of the fading ap-
barent in different portions of the recorded in-
telligence of the two records.

2. The method of transmitting electric intelli-
gence signals t0 overcome the effects of fading pe-
riods in the signal transmission medium which
comprises, subjecting the successive elemental
areas of the subject matter to a first continuous
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scanning to derive a corresponding first series
of electric signals, subjecting the said successive
elemental areas of said subject matter to another
continuous scanning to derive a similar series of
electric signals but delayed in phase with respect
to the first series, simultaneously transmitting
both said series to a receiving point, and adjust-
ing said phase delay in accordance with the aver-
age duration of the said fading periods.

3. The method of transmitting intelligence by
facsimile signals to overcome the effects of fading
periods in the transmission medium which com-
prises, subjecting the successive elemental areas
of the subject matter to a first continucus scan-
ning to derive a first series of electric signals, sub-
jecting the said successive elemental areas of said

-subject matter to another continuous scanning to

derive a similar series of electric signals but de-
layed in phase with respect to the first series, si-
multaneously transmitting both said series to a
receiving point, and simultaneously applying the
two received series of electric signals to produce
corresponding records wherein the fading is ef-
fective only on different portions of the recorded
intelligence of the two records.

4. The method of transmitting intelligence by
facsimile to overcome the effects of cyclically re-
current fading periods in the transmission me-
dium, which comprises scanning the same subject
matter to produce two series of current signals
displaced in phase to correspond with the eyclical
periodicity of said fading periods, each series hav-
ing an individual distinguishing frequency char-
acteristic, simultaneously receiving and separat-
ing said currents into separate channels under
control of said frequency characteristic, and re-
Producing the subject matter in duplicate under
control of the currents in each of said channels
to produce two similar records of the intelligence
but with the effects of the fading apparent in dif-
ferent portions of the recorded intelligence in the
two records.

5. The method of transmitting electric intelli-
gence signals to overcome the effects of cyclically
recurring fading periods in the signal trahsmis-
sion medium, which comprises subjecting the suc-
cessive elemental areas of the subject matter to a
first continuous scanning to derive a correspond-
ing first series of electric signals having a dis-
tinguishing frequency characteristic, subjecting
the said successive elemental areas of said sub-
ject matter to another continuous scanning to de-
rive a similar series of electric signals having a
different distinguishing electric characteristic
and delayed in phase with respect to the first se~
ries, simultaneously transmitting both said series
to a receiving point, and adjusting said phase de-
lay in accordance with the average periodicity of
said fading periods.

AUSTIN G. COOLEY.
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