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of the recorder, regardless of whether they occur at small 
intervals, such as At, or large intervals, such as 5At, in 
the original signal. Accordingly, when the recorded sam- 
ples are uniformly read from the recorder and trans- 
mitted, a new sample is transmitted during every cycle 
of the transmitting carrier wave, and the transmitting 
bandwidth is efficiently utilized. An indicating pulse is 
also recorded and transmitted with each sample that 
occurs at the beginning of the predetermined period dur- 
ing which one or a group of samples are taken, to enable 
the rezeiver to provide the proper spacing between the 
samples in reproducing the picture. 

In one embodiment of the invention, entire horizontal 
A system for decreasing the time-bandwidth require- Scan lines of a video signal are read-out for transmittal, 

ments in transmitting or storing information, comprising recorded on tape, or the like, but only one out of several 
a circuit for monitoring an input signal to indicate which 15 successive lines is thus read-out or recorded unless there 
portions are varying rapidly and which are not. The are many rapidly changing portions in the scan lines, 
monitoring circuit controls a sampling circuit which sam- denoting in the previously de- 
ples the input signal at long intervals for those Portions scribed system, the signals are recorded uniformly regard- which vary slowly and at short intervals for those signal less of whether they represent successive or separated portions wherein a rapid variation occurs. The samples 20 scanlines. 
are entered into a buffer storage apparatus which trans- Although the invention is especially useful for efficient 
mits the samples at regular intervals, regardless of the radio wave communication, it is also useful for making 
intervals between which the Samples Were taken. Marker video tape recordings of minimum length and in other 
signals indicating the intervals between which the Sam- applications where a maximum time-bandwidth utiliza- 
ples were taken, are mixed with the samples for entry 25 tion is desirable. 
in the buffer. Accordingly, one of the objects of the present invention 

is to provide an efficient system for communicating in- 
formation originally obtained in a form which includes 

of fine detail. 

Origin of invention 
The invention described herein was made in the per- 30 many groups Of redundant 

Another object is to provide a communication system formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National Aero- Qf improved time-bandwidth information transmittal ef- 
nautirs and space Act of 1958, public Law 85-568 ( 7 2  ficiency, for signals which include intervals of rapid 

change and intervals of little or no change. Stat. 435; 42 USC 2457).  
This invention relates to information transmission sys- 3 3  Another object is to provide a video signal transmitter 

and particularly to improvements therein. which efficiently utilizes a predetermined, substantially 
It is generally preferable, when transmitting informa- constant bandwidth. 

tion by radio or the like, to the least Yet another object is to provide a video signal commu- 
bandwidth and the least amount of tirne to transmit a nication system wherein Only a portion Of the total m m -  
given amount of information. Many types of signals, and 40 ber of available scan lines in each image is transmitted, 
especially video signals for reproducing pictures, con- a larger portion of scan lines being transmitted for those 
tain many redundancies; that is, periods of time wherein image areas containing greater detail. 
a signal is essentially constant. For example, a picture or The novel features that are considered characteristic 
image may contain large areas of constant brightness, of this invention are set forth with particularity in the 
such as clouds, and result in a video signal containing 43 appended claims. The invention itself both as to its or- 
sections of constant voltage. Transmitting a signal of ganization and method of operation, as well as additional 
large bandwidth to assure the communication of the objects and advantages thereof, will best be understood 
fine details of an image, wherein the signal is essentially from the following description when read in connection 
constant most of the time, is wasteful of the capabilities with the accompanying drawings, in which: 
of the system. The result is that a much longer period 50 FIGURE 1 is a graph of a video signal showing its 
of time and greater bandwidth is employed to transmit a voltage variation with time. 
given amount of significant data than is necessary. X FIGURE 2 is a graph representing the video signal of 
communications system which eliminated most of the re- FIGURE 1 sampled at intervals of At or 5At. 
dundant signals in a communication, but which supplied FIGURE 3 is a graph representing the sampled video 
sufficient information to enable the accurate reconstruc- 55 signal of FIGURE 2 to which coding pulses have been 
tion of substantially the entire signal would be of great added, all samples and pulses being uniformly spaced for 
value in furthering the efficiency of communication. transmission. 

In the system of this invention, video signals or the FIGURE 4 is a block diagram of a transmitter system 
like are continually monitored to determine whether they constructed in accordance with the present invention. 
are rapidly varying and thus include a high Proportion 60 FIGURE 5 is a block diagram of a receiver system 
of significant data, or are SlOWlY varying and thus are constructed in accordance with the present invention. 
composed primarily of redundancies. If the signal changes FIGURE 6 is a representation of a video image where- 
rapidly during a predetermined period, for example, 5At in only a portion of the Scan lines thereof are present. 
seconds in duration, then many signal samples are taken FIGURE is a simplified block diagram of a circuit 

onds, and entered in a recorder for later transmission. scan lines of a video signal constructed in accordance with If the signal is not rapidly changing, then only one 
sample is taken during that period 5At and entered in the invention' 
the recorder. Thus, the sampling rate is constantly adjusted and particu- 
according to the information contained in the signal. larly to FIGURES 1, 2 and 3 which represent typical 
The samples are entered at uniform spaced intervals on ' O  signals employed in a communication system Of this in- 
the magnetic drum surface or other recording medium vention. FIGURE 1 represents a section of an original 

during that period, for at 
Of At set- 65 for transmitting groups of signals representing selected 

Reference is now made to the 
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such as a video signal derived from a television bined sections 32+34+36, are transmitted in approxi- 
camera, which is processed and then transmitted by the mately the same time period that they occupy in the orig- 
transmitter system of this invention. The voltage V of the inal signal 30. In this case, a lower transmission frequency 
signal is generally proportional to the brightness of the and small bandwidth are required to transmit the same 
image at points along a video scanning line. Some por- 5 information as would be required to transmit the un- 
tions 32 and 34 of the signal have small variations in compressed signal of FIGURE 2, in the same time period. 
amplitude and they represent image areas of almost con- A transmission system shown in block diagram form 
stant brightness and therefore little or no detail; other in FIGURE 4 serves to generate transmission signals, 
areas 36 of rapid amplitude variations represent image such as those of FIGURE 3, from a video signal or the 
areas containing portions of markedly different brightness 10 like originally available in a form similar to that of the 
and therefore having substantially more detail. signal 30 represented in FIGURE 1. In the system of 

It is often convenient to sample the signal 30 and trans- FIGURE 4, a video signal obtained from a video camera 
mit these samples to a receiver for reconstruction of the or other source, preferably filtered in filter 48 if consider- 
original signal. The samples must be taken at small able noise is present, is entered into a differentiating cir- 
enough t h e  intervals to assure that significant variations 15 cuit 50 to obtain a signal representing the rate of change 
in the signals do not occur between samples. It is appar- of the video signal. When the video signal is rapidly 
ent from FIGURE 1 that samples need only be taken at changing, an output of large absolute value is obtained 
long intervals in the sections 32 and 34 which include from the circuit 5@. The Output of the differentiating cir- 
only slow signal variations, while samples must be taken cuit 50 i S  connected to a sampling rate control circuit 
at much smaller tirne intervals in the section 36 which 20 5 which monitors the rate of change of the video signal 
contains rapid variations. FIGURE 2 represents samples during intervals of time duration 5At and delivers control 
of the signal 30 of FIGURE 1 taken at small intervals signals on an output line 54. This circuit 52 generates a 
At in the portion 36 of rapid variation and at intervals single Pulse at the beginning of the next time period of 
5At which are five times as long, in the portions 32 and duration 54 t  if the rate of change of the video signal 
34 of slow variation. 26 during the preceding time period 5At was less in absolute 

It is possible to transmit the signal samples of FIGURE value than a certain threshold value B. If the rate of 
2 as soon as they are taken. However, the transmitting change of the video signal was greater in absolute value 

date the most rapid sampling rate, 1 /A t  samples per set- the intervals At are generated during the next time in- 
and, even though the full bandwidth would be used only 30 terval of duration 5At. A more detailed explanation of 
part of the time. There would generally be little advantage the sampling rate contra1 circuit 52 will be given below. 
in such a system because the bandwidth and the time re- The video signal obtained from the video camera is also 

delivered to a delay circuit 54 which delays it by a time quired to transmit a given amount of information would period of 54t .  The delayed video signal is delivered to a 
be the Same as if the most rapid sampling rate, l / A t  35 sampler circuit 56. The circuit 56 samples the signal 
samples per second, were constantly employed. whenever it receives a sampling control pulse from line 

bandwidth would have to be large enough to  accommo- than the threshold value B, then five Pulses separated by 

In the system Of this invention? portions are 
rate, depending On whether 

57 of the sampling rate control circuit. Thus, the sampler 
circuit 56 samples the delayed video signal at intervals 

the are not transmitted, but are varying rapidly or slowly, respectively, during the pre- 

at a rapid Or 

the portions contain rapid or slow variations. However, of At or 5At, depending on whether the video signal was 

stored for later transmission. The samples are then trans- ceding period of duration 5At. Inasmuch as the video 
mitted at a generally uniform rate so that there is no signal sampled by the circuit 56 has been delayed by a 
large interval between samples taken at a slow rate repre- period of 5At, and the sampling rate depends upon the 

even though they were originally taken at large intervals. output of the circuit 56 comprises samples of the video As a result, the entire transmitting bandwidth is con- ‘j signal taken at intervals at for video signal sections 
stantly utilized. In addition to transmitting the video sam- which include fast variations, and samples taken as in- 
P h  marking Pulses are transmitted to indicate which tervals of 5At for signal sections which include only slow 
samples have been taken at small intervals and which variations. 
samples have been taken at large intervals, to  enable the jo The output of the sampler circuit 56 is delivered to an 
accurate I‘eCOnStrUCtiOn of the original video Signal and ‘‘And’’ gate 68). A s 0  connected to the And gate 60 is the 
image by the receiver. output of a clock circuit 62 which generates marker 

FIGURE 3 represents the signal samples of FIGURE pulses spaced at intervals of 5At, each marker pulse de- 
2 wherein the intervals between widely separated samples, livered just before the delivery of samples taken by the 
such as those labeled a and b, have been reduced. Addi- 55 circuit 56 at intervals of At, and generally about %At 
tionally, marking signals 38 have been inserted before before. The output of the And circuit 610 comprises a 
the first sample of each long interval 5At of the original sampled video signal and marker pulses between each 
signal 3Q. A comparison of FIGURES 2 and 3 shows that sample or between each group of five samples. 
the reduction of the interval between some samples such The output of the And circuit 68, which comprises a 
as those labeled a and b results in the transmission of the train of pulses, is recorded in a buffer circuit 64. The buffer 
same signal section in a short period of time for a given circuit 67 comprises a memory device 61, such as a 
transmission frequency l / A t .  For the example of FIG- magnetic drum, and read-in and read-out circuits 63 and 
URES 2 and 3, the reduction in transmission time is by 65. The read-in circuit 43 is constructed so as to  record 
a factor of 19/25. The marking signals 38 may be pulses the amplitude of each separate pulse received from the 
of an amplitude slightly larger than any amplitude of the 65 And circuit 60 at successive adjacent locations of the 
signal 38 which is transmitted without attenuation. The memory, regardless of the time interval between the re- 
use of such marker signals requires the employment of ceived pulses. The read-out circuit 65 is constructed so as 
a slightly larger bandwidth in transmitting the signals of to deliver signals representing amplitudes of the recorded 
FIGURE 3 than the signals of FIGURES 1 or 2, but signals at a uniform rate. The output of the buffer circuit 
the overall time-bandwidth product is considerably re- 70 67 is delivered to a transmitter 64 for modulation with a 
duced for the typical video signal which has large periods carrier wave and transmission. 
of redundancy. Generally, it is more convenient to trans- The construction and operation of the sampling rate 
mit the signals of FIGURE 3 at a slower rate than the control circuit 52 is shown in FIGURE 4. The output of 
sampling rate of l / A t  of the initially sampled signal of the differentiating circuit 50 is delivered to a trigger cir- 
FIGURE 2, so that large signal sections, e.g., the com- 75 cuit 66 which is constructed so as to deliver a pulse 

senting slowly varying portions Of the original signal, video signal variation during the preceding 5At period, the 
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whenever the input thereto is increasing in absolute value is being received in the control port 
and passes through a certain amplitude B in absolute port 92 receives signals from fill-in circuit 89 during 'only 
value. The pulses from trigger circuit 66 are delivered to the instants video signal sample is received by 
a saw tooth generator 68 which begins to generate a new the relay 9 is the only sample taken during a 
inverted saw tooth waveform each time a pulse is re- 5 sampling period 5At  of the transmitter system. Only 
ceived. The saw tooth waveform decays to substantially those samples originally taken at inftervals of 5At pass 
zero in a time period S a t .  Thus, if a trigger pulse is re- through the relay 90 ito four delay circuits 94, 96, 98 and 
ceived by generator 68 during any given period of dura- 100, the dellay circuits delaying ithe sample by amounts olf 
tion 5At,  there will still be an appreciable output at the approximately d / 3 ,  2 d / 3 ,  d, and 4 d / 3 ,  respectively. The 
end of the period. outputs 'of the delay circuits 94, 96, 98 and 100, and 

The output of the generator 68 and clock pulses spaced output of circuit 88 are a181 delivered to a buffer 
at intervals 5At obtained from clock 62 are delivered to similar to Ithe buffer 63 of FIGURlE 4.  The output of ithe 
an And gate 70. The output of the And gate 70 comprises buffer 102 is a (train of uniform'ly spaced signals contain- 
a pulse occurring %At before each sampling period of ing 'five different samples from each period of the video 
duration 5At when the video signal has varied rapidly 15 signal which is changing rapidly and 'five identical signals 
during the preceding 5At period. The output of the And from each period of little or no change. The output of 
gate 70 is delayed in circuit 72 by a period of about %At the buffer may be smoothed in a smoothing circuit and 
and then delivered to the Set side of an R-S flip-flop used to operate a television display tube. 
circuit 74. The Reset side of the flip-flop circuit 74 is The fill-in circuit 89 of FIGUWE 5 comprises a decay 
connected to the clock 62. The flip-flop is turned on (set) 20 circuiit 104 which yields a decaying signal which is 
and remains on for a period of almost 5 d t  whenever a boosted by each new pulse from the trigger circuit 86. 
rapid variation has occurred in a video signal during the One h r m  of such a decay circuit comprises a capacitor- 
preceding 5At interval. The output of the flip-flop circuit resistor discharge circuit, the capacitor receiving a pre- 
74 is delivered to an And gate 76. The And gate 76 is determined charge with each pulse of the trigger circuit 
also connected to an output line 78 which delivers pulses 25 86, and including a Zener diode or the equivalent con- 
at intervals of ~t from the clock 62. The output of the nected across ithe capacitor to limit the maximum voltage 
And gate 76 and clock pulses occurring at intervals 5At thereof it0 a predetermined #level L. The decay line of 
and delayed by a period A t / 2  are delivered to an Or the circuit 104 is sufficiently large that marking pulses 
gate 80 where they are added. The output of the Or spaced at 'time 2 d  apart repeatedly charge the capacitor 
gate 80 comprises a single pulse at the end of each period 30 to its highest voltage L, but the decay time is small 
of duration 5At during most of which the video signals enough that in a 4ime 6 d  the voltage decay is more than 
has varied at less than a threshold rate, and a train of Ithe voltage increase caused by one marking pulse from 
five pulses beginning at the end of the period if the video trigger circuit 86. The output of the decay circuit 104 is 
signal has varied rapidly. These control signals are ap- delivered to a (trigger circuit 106 which yields an 'output 
plied to the sampler circuit 56 as described herein-before. 35 only when the input voltage exceeds a level T almost 

If video signa'ls are bo !be transmitted during a long as high as the maximum voltage L of the decay circuit. 
periiod of ,time, the read-out rate &of buffer '67 should be The output pulses of trigger 106 are the output of the 
appnoximately equal to the average rate at which signals fill-in circuit 89 used in a manner described hereinbefore. 
are read into the magnetic drum thereof. This may be A communication system has been described herein 
accomplished by raising the threshsold B of the trigger 66 40 which chooses one signal sample or a small train of sam- 
when (the memory of the buffer 67 is almost fully occu- ples depending on the degree of redunancy tharerof. How- 
pied so that rapid samp,ling is made onlly for very large ever, it is possible to chose one or several large groups 
video signal variation rates, and by lowering the thresh- of signals, such as one or several video scan lines, on 
old B when the memory is almost empty. the basis of the degree of redundancy present, and to 

Although a magnetic drum memory is useful in many 45 store and transmit any of the groups of signals so as to 
applications, other memory devices such as magnetic redcuce the timeBandwidth requiremenits for transmitting 
oores and 'tape recorder memories may be used instead. a certain quantity of information. 

A receiver system for reconstruoting the original video FIGURE 6 represents an image composed of a plu- 
image from the signals generated by the above-described rality of numbered scan lines. The odd-numbered lines 
(transmitter system is shown in block diagram form in 50 are all included, but several oif the even-numbered lines 
FIGURE 5. The receiver system comprises a demodulator 2, 4 and BO, which represent scan lines containing a very 
84 fior obtaining the same signals that are read out from high proportion of redundancy, are not included. Sub- 
the buffer 67 of the transmitter before modulation by stantially all )of the important details of the image could 
a carrier wave. The output of the demodulator $4 is be obtained without the scan lines 2, 4 and 10, so that 
delivered to a trigger circuit 86 which delivers a pulse 55 it iS unnecessary to transmit the signals defining these 
only when an input signal of the amplitude of a marker lines. If the signal from the video camera includes the 
signal is received. The output of the trigger circuit 86 unnecessary lines, these can be merely deleted from the 
is composed d only the marker pulses and this outpu't transmitted signal; however, generally no advantage 
is delivered bo a relay 87 to turn it off momentarily. The would result because random empty periods would re- 
output of the demodulator 84 is delivered to the relay 87 60 sult which could not be utilized. By (the apparatus of 
and passes therethrough except when a marker signal this invention, a video signal is transmitted which does 
occurs and the trigger 86 opens the relay. The output not include unnecessary scan lines or unused gaps repre- 
of the relay 87 is therefore composed only of the sam- Senting (them, and an increase in time-bandwidth efficiency 
ples of the original video signal. is obtained. 

The trigger circuit 86 is also connected to a fill-in cir- 65 FIGURE 7 is a simplified block diagram of a cir- 
cuit 89 which yields a fill-in signal for enabling the gen- cuit for efficiently transmitting only some of the scan 
eration of four more signals in the interval befiween lines of a video signal. The original video signal is 
two adjacenct video signal samples originally spaced first passed through a delay means 1110 where the signal 
5At  apart in the video signal. The operation $of this circuit is delayed while it is monitored in a redundancy deter- 
will be more fully described hereinafter. 70 mining means 112 to determine whether a scan line there- 

The 'output of the relay 87 is conducted through a delay of includes sufficient detail to justify its transmittal. If 
lcircuit 88 which delays it by an interval d equal to the the Scan line is not to be transmitted, then a signal is 
period be'tween successive pulses received from the de- delivered by the redundancy determining means 181: to 
modulator 84. The output of the delay circuit 88 is oon- a relay 914 to open the relay during a period when a 
ducted to  a relay 90 which is closed #only when a signal 7 5  portion of a delayed video signal defining the subject 
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scan line is entering the relay 114. Therefore, a video sig- 
nal passing through the relay PI4 to a buffer means 116 
includes gaps. The buffer delivers a uniform signal without 
gaps to the transmitter IPS to enable the efficient trans- 
mittal of a video signal. 

The redundancy determining means 1x2 may determine 
redundancy according to any one of several standards. One 
method is on the basis of the proportion of the time dur- 
ing which the video signal varies at more than a predeter- 
mined rate. A differentiating circuit, such as a circuit 5Q 
of FIGURE 1, can be used together with a trigger circuit 
66 to generate pulses when the video signal is changing 
rapidly. A counting circuit counts the number of pulses 
generated by the trigger circuit and delivers a relay open- 
ing signal to the relay 114 of FIGURE 7 if less than a 
certain number of pulses is counted during the passage 
of a scan line. Marking signal means are, of course, trans- 
mitted to indicate where scan lines have been deleted. 

In some applications, it may be desirable to transmit 
only one out of many video scan lines, such as one out 
of four, for periods of high redundancy. Reading out or 
recording only one of several scan lines results in larger 
gaps where none of the details are retained in the recon- 
structed image, but the time-bandwidth savings often may 
justify this. 

The examples of the invention described in detail herein 
employ only two sampling rates, a fast and slow rate. 
However, for more efficient transmittal or recording, three 
or more rates may be employed. For example, in the 
case of individual signal sampling, samples may be taken 
at intervals of 4 f ,  34t, or 9At for periods of low redun- 
dancy, intermediate redundancy, and high redundancy, re- 
spectively. In the case of video scan lines only one out of 
eight lines, one out of four lines, or every line may be 
read-out for periods of high, intermediate, or low re- 
dundancy, respectively. 

Although the invention has been described by reference 
to systems which are especially useful for video signal 
transmission, the invention has other applications. Signals 
from such devices as temperature or radiation monitors 
on space craft include large periods of redundancies and 
such signals may be efficiently transmitted in accordance 
with the principles of this invention. Additionally, the out- 
put of the buffer means of the transmitter, such as buffer 
67 of FIGURE 4, may be transmitted to a tape recorder 
for play back at a much later time, rather than to a radio 
transmitter for immediate transmission. 

While particular embodiments of the invention have 
been described in detail, many further variations may 
be employed without departing from the spirit and scope 
of the claims which follow herein. 

What is claimed is: 
1. A transmitter for video signals substantially defmed 

delay means for delaying said video signals for a period 
of at least the duration of one scan line; 

relay means for passing said video signal connected to 
said delay means; 

redundancy determining means for determining the de- 
gree of redundancy of said video signals and for gen- 
erating relay opening signals only during the period 
of at least one scan line when the redundancy of said 
signal exceeds a predetermined level, connected to 
said relay means; and 

buffer storage means connected to said relay.means for 
recording said scan lines as they are received there- 
from and for delivering groups of signals defining 
scan lines at a substantially uniform rate. 

2. A communication system for handling input infor- 
mation signals which are in a form that includes a large 
proportion of redundancies comprising: 

sampling means responsive to said input information 
signals for generating samples thereof; 

redundancy determining means responsive to said input 
information signals for determining the degree of 
redundancy in portions of said signals; 

by a plurality of signals defining scan lines comprising: 
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means coupling said redu ancy determining means and 
said sampling means for operating said sampling 
means to sample signals more frequently during signal 
intervals which include more information than other 
intervals which include less information; 

marker generating means responsive to redundancy de- 
terminations of said redundancy determining means 
for generating marker signals indicating the separa- 
tion between samples taken by said sampling means; 

buffer storage means for recording information signal 
samples and marker signals; 

means responsive to the outputs of said sampling means 
and said marker generating means for recording sig- 
nals in said buffer storage means including samples 
of said information signals and said marker signals 
interspersed with each other; and 

read out means coupled to said buffer storage means 
for reading out signals therefrom at a substantially 
uniform rate. 

3. A communication system as defined in claim 2 

said means for recording signals in said buffer storage 
means includes means for generating a signal having 
a predetermined range of values for those inputs 
thereto representing samples of said information sig- 
nals and having a value outside of said range for 
signals representing said marker signals, whereby to 
enable differentiation of information signal samples 
and marker signals. 

4. A communication system as defined in claim 2 where- 

said means for recording signals in said buffer storage 
means comprises means for delivering a signal repre- 
senting a marker signal at a time between the delivery 
of signals representing successively generated infor- 
mation signal samples from said sampling means. 

5. A receiver for reconstructing information repre- 
sented on a single communication channel by received sig- 
nals including successive information signal samples inter- 
spersed with marker signals indicating the relative time 
location of said information signal samples, said receiver 
comprising: 

wherein: 

in : 

buffer storage means; 
means responsive to said received signals for suppressing 

said marker signals and coupling only said informa- 
tion signal samples to said buffer storage means; 

means responsive to said marker signals and the value 
OP information signal samples occurring between SUC- 
cessive marker signals, for selectively applying a 
plurality of output signal samples of a value related 
to the value of said information signal samples to 
said buffer storage means; and 

means for reading out samples from said buffer storage 
means at a substantially regular rate. 

6. A receiver as defined in claim 5 wherein: 
said means for suppressing said marker signals com- 

prises control means responsive only to said marker 
signals and relay means controlled by said control 
means for suppressing the passage of said received 
signals upon the occurrence of each marker signal 
detected by said control means. 
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