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ABSTRACT OF THE DISCLOSURE

“Telemetering system. for short duration phenomena.
Plurality of channels, which include sensors and different
arrangements of sequenced, peak holding and intergrating

_ circuitry to store data, are sequentlally connected to trans-

" mitter. -

The invention described herein may be manufactured

and used by or for the Government of the United States .
of America for governmental purposes without the pay-

ment of any royalties thereon or therefor.

This invention relates to a telemetering - system and
more particularly to a telemetering system for sensing
extremely short duration phenomena in an environment
which prohibits broadcastmg at the txme of the data
occurrence.

It is often desirable to obtain information concerning
events which occur while the vehlcle containing the sensor
and telemetering transmitter is located either at a great

10

e 2
*"In brief, this invention is a system which is normally
in an unenergized condition and which is activated by a.

. sensor signal resulting from a first-event. The system in-

cludes two or more channels which ate sequentially gated -
in chronological order to receive the signals from a sensor -
or sensors. The sensor signal _representing the first event,
which' is uised to activate the system, is delayed as re-
quired for the initiating the gating and system activating -
processes and is. then applied to the first channel wherein -
the signal is integrated and its peak measured and this
information stored. All of the remaining channels, if
more than one other channel is required, are functionally

- similar and are sequentially gated to receive later signals -

" of the respective signal received and store this informa< -

20
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-, distance from the receiver .or in a highly ionized area

wherein electromagnetic propagation will not be support- -

ed. Many of these events are of such short duration that

" the desired information cannot be transmitted by conven-
tional practices because of telemetering bandwidth limi-
tations.

- - Previous systems which have been developed for the
purpose of obtaining information under thie conditions

described, have for the most part included ‘magnetic

storage and playback, and have not been entirely satis-

- factory because of their bandwidth limitations. Other con.

-siderations relating to prev:ous systems are their complex-
ity and an accompanying unrehabxhty, snze weight and
electrical power requirements.

~An object of the present invention is the provnsxon of
an improved system for sensing, storing and telemetéring
data concerning short duration phenomena which may be
nonrecurrent.

It is another object of this invention to provide an im-
proved system with greatly decreased bandwidth limita-
tions capable of processing data pulses in the order of a
few microseconds which may occur during periods of
temporary radio isolation. -

A further ob)ect of the present invention is to- provnde
a system which is activated by a first event; senses, stores
-and later ‘transmits ‘data concerning the amplitude and

" . duration of the first event and, at scheduled periods after

the first event, senses, samples, stores the samples and
later transmits data concerning the samples of the sensed
events which occur during the scheduled penods subse-
quent to the first event.

With these and other objects in view, as wnll herein-
after more fully appear, and which -will .be more par-
ticularly pointed out in the appended claims, reference is
now made to the followmg descnpnon taken in connec-
tion with the accompanying drawings in which:

FIG. 1 is a block diagram of an embodiment of the
invention, and

FIG. 2 shows a cu'cuxt suitable for use as the peak read
and hold ‘and the mtegrate and hold cu'cmts of tbe in-

- Wllllm.
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from the sensor or sensors. The gating periods may, of
course, be different for the various channels. The other
channel, or channels, penodlcally sample the amplitude

tion. The information stored in all the channels is later
removed by a commutator and tratsiitted by a conven-
tional telemetering transmitter. .

In the embodiment of the invention lllustrated in FIG.
1, a sensor 10, which produces an electrical signal repre-
sentative of a condition about which information is
desired, is connected to a pulse generator 11 and through
delay line 12.to input, or channehzmg gate 13 of channel
1. The function of delay line 12 is to withhold the initial
sensor signal from gate 13 for a period of time sufficient
for pulse generator 11, which is energized by the initial
signal from sensor 10, to initiate a pulse which opens gate
13 and thereby allows the signal from sensor 16 to reach.
the integrate and hold circuit 14 and the peak measuring
and. hold circuit 15. FIG. 2 illustrates a circuit suitable -
for use as the integrate and hold. circuit 14 and the peak .
measuring. and hold circuit 1§ and the other holding cir- -
cuits of this invention. While FIG. 2 will be later de-
scribed in more detail, for the present it is sufficient to
functionally describe circuit 14 as integrating the initial
signal from sensor 10 and holding in storage the inte-
grated value and to describe the function of circuit 18 as
measuring the peak value of the initial signal from sensor
10 and holding in storage the peak value of this signal.

Pulse - generator 11a is connected to pulse generator
11 and is keyed to the trailing edge of the pulse from
generator 11 to supply a pulse to open input, or channel-
izing gate 13a of channel 2, thereby allowing a signal -
from either sensor 10 or sensor 10a, as deterimined by
switch 16, to reach the sampling gates 17,172 . ... 17n,
which are illustrated as being three in number but conld
obviously be a larger number as desired. The sampling’
gates 17, 17a . . . 17n are sequentlally opened by the
tapped delay line 18 which is energized by a pulse ob-..
tained by conventional means from the leading edge of
the pulse from pulse generator 11a. Peak measuring and
hold circuits 19, 19a .. ... 191 are connected to sampling
gates 17, 17a . . . 17, thereby receiving to measure and
stotelthe peak value of sequentxal samples of the sensor
signal.

- Pulse generator 11n is connected to pulse generator
11a and is keyed to the trailing edge of the pulse from
generator- 11a to supply a pulse to open the input, or
channelizing gate 13n of channel 3, thereby allowing a
signal from either sensor 10 or sensor 10n, as determined
by switch 16n, to reach the sampling gates 20, 20z . . .
201, which are illustrated as being three in number but-

could be a larger number as desired. It is also obvious

that the system of FIG. 1, which for simplicity of illus-
tration has been limited to three channels, could include
a larger number of channels as-desited. The sampling
gates 20, 20a . .. 20n are sequentially’ opened by the
multmbrators 21, 21a . . . 21n, which for signals of

longer duration are preferable to a delay line. The multi- - -
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vibrator 21 is keyed to the leading edge of the pulse from
pulse generator 11n to produce a pulse which opens the
sampling gate 20 and the multivibrators 21a . . . 2ln
are keyed to the trailing edges of the pulses from the
preceding multivibrators to produce pulses which open
the sampling gates 20a . ... 20n. Peak measuring and
hold circuits 22, 224 . . . 22n are connected to sampling
gates 20, 20a . . . 20n, thereby receiving to measure and
“hold the peak value of sequential samples of the sensor
signal, :
..~ Commutator 23 is connected to the output of holdmg
circuits 14, 18, 19, 19a ...19n, 22,222 ... 22n and

functions to sequentially connect the holding circuits to.

transmitter- 24 which may be any one of the several, suit-
" able well known types of telemetering transmitters, such
- as pulse width, PM,; FM, FM/FM, etc. The commutator
23 is.also conventlonal in nature and may be either
electronic or mechanical, continuously runaing or delayed

start afier triggering by pulse generator 11, etc. The speed-

of commutator 23, must of course, be companble wnh
the limitations of transmmer 24,

) The operation of the systen illustrated in FIG. 1 wrll

now be described in the funciion of gathering data relat-

ing to three chronologically predxctable events which

- oceur, not necessanly recurrently, at a time when radio

transmission is temporanly not advisable, Such events
could occur, for example, in such diversified cnrcumstances
as when a probe missile is being used to gather data in
the lnghly ionized area near a nuclear blast, when a satel-
‘lite is far from a telemetering receiving station and when
a-body is surrounded by an romzed sheath on reentermg
the atmosphere,

" The. system of FIG. 1 is in an unenergwed condition,
requiring littie or no electrical power, until the sensor 10
” produces a signal representative of an.extremely short
duration, high magnitude first event. This sngnal triggers
. pulse generator 11, which produces a pulse that is effective

. condition for a perlod of time, such as 150 microseconds.

As a finite time is required for the initiation of the gating .

and system actuating processes, the signal from sensor 10
is passed through delay line 12 where it is delayed a

' b_ short nme, typically 8 microseconds, before passing

through input gate 13 into channel 1. In channel 1 the
- signal representative of the first event is integrated, and
the integral value stored, by circuit 14 and the peak value
. ‘of this signal is measured and stored by circuit 15. It is
to be noted that for extremely short duratlon. high am-
- plitude signals, obtaining information concerning the peak
value and energy integral is considered to be more feasible
. than attempting to reproduce the signal shape.
" -The -pulse generator 1la is triggered by the trailing
edge of the 150 microsecond pulse produced by pulse
generator 11, Generator 1la produces a pulse that is
. effective to maintain input gate 134 in an open condition
- for a penod ‘of time, such as SO microseconds. In this
perxod of time, the predictable second ‘event occurs and
is sensed by sensor 10, or by sensor 10z as desired, and
the ‘resulting sensor signal passes through channelizing
gate 13a into channel 2. For this signal, it is desirable to
reproduce the signal shape. This is accomplished in chan-
:nel 2 by passing a pulse, typically of 2 microsecond dura-
tion obtained by conventional means from the leading
edge of the '50. microsecond pulse from generator 1la,
" through tapped delay line 18. The. taps from delay- line
- - 18 ‘are-connected to samplmg gates 17, 17a . . . l1n,
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event which is of relatively longer duration. The pulse gen-
erator 11n is triggered by the trailing edge of the 50 micro-
second pulse produced by puise generator 11a. Generator
11z produces a pulse which maintains input, or channel-
izing gate 13n in an open condition for a relatively longer
period of time, such as 30 milliseconds. Durmg this period
the predictable third event occurs’and is sensed by sensor
10, or sensor 10a as desired. The resulting signal is passed
through input gate 13n into- channel 3. In this channel,
samp.ing gates 20, 20a . . . 20n are sequentially opened
by multivibrators 21, 21a . . . 21n, the first of which is
keyed to the leading edge of the 30 millisecond pulse
from generator 11n. The remaining multivibrators
21a . . . 21n are keyed to the trailing edge of the pulses
from the preceding multivibrators. This arrangemient is ef-

“fective to-sequentially open sampling gates 20, 20a . . .

204 and pass sequential samples of the sensor signal to cir-
cuits 22, 224 . . . 22n which measure and hold the ampli-
tude of the sequential samples.

After a predictable period of time, conditions will be-
come favorable for radio transmission, such as when the
satellite approaches a receiving station or the fransmitter
is no longer located in an jonized medium. At that time,-
the commutator, if not continuously running, will be ener-
gized by conventional, built-in, programming apparatus,
and will function to sequenhally withdraw and broadcast
the information stored in the holding circuits by transmit-
ter 24. The information received by the ground station will
include a signal representing the energy integral of the
first event, a signal representing the magnitude of the first
event and two sequences, each of ten signals, suitable for

_ plotting a reproduction of the shape of the sensor signals

"~ to maintain the jnput, or channelizing gate 13 in an open -

40

associated with the second and third events.
By using a commutator speed such that the signal sam-

5 ples are withdrawn over a longer period of time than the

original occurrence, typically 500 times longer, the signal
samples in channels 2 and 3 can be used to reconstruct
the wave shapes of sensor signals relating to short dura,-

“tion events. Such short duration wave shapes cannot be

accurately transmitted and reproduced over convenuonal
telemetering links.

FIG. 2 shows a circuit suitable for use as the mzegrate .

and hold circuit 14 and as the peak measuring and hold

circuits 15, 19 and 22. In this circuit the plates of the four

tubes 30, 31, 32 and 33 are connected to a source of plate
supply, typically 4150 v. D.C. The circuit input is con-
nected to the grids of tubes 30 and 31 which are con-
nected in paralle] to lower the impedance which these tubes

- present in series with the storage capacitor 34. A resistor
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which are typlcally 10 in number. This arrangement is -

effective to sequentially open these sampling gates and

‘pass' sequential samples -of the sensor signal to circuits

19, 19a .. . 19a which measure and hold the amplitude

- of the sequenual samples. These samples must, of course,

" be sufficient in number to allow a plotted reconstruohon
of the signal shape.

Channel 3 is functlonally sumlar to clumnel 2 and is

used to obtain and store information relating to a third

70
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3§ is connected in series with capacitor 34 if the circuit
is to be used as the mtegrate and hold circuit 14, the
values of capacitor 34 and resistor 35 being chosen so that
their time constant is at least five times as long as the
longest input pulse expected to be mtegrated The resistor
35 is not included in the circuit if it is to be used as a peak
measuring and hold circuit 18, 19 or 22. The charge on
storage capacitor 34, which is related either to the integral
or peak of the mput signal, is connected through the paral-
lel connected circuit of resistor 36 and capacitor 37 to the
grid of tube 32. This tube is connected as a cathode fol-
lower and functiois to prevent loading by the cutput load.
impedance. The resistor 38 is connected as the cathode
load of tube 32 and provides the grid sngnal to tube 33
which is connected as a cathode follower in the output
stage of the circuit. The output, a D.C. voltage propors
tional either to the integral or the peak value of the input
signal, is produced at a low impedance level across the

.cathode load resistor 39 of tube 33.

It is apparent that the system described has greatly de-
creased bandwidth limitations when compared to previous
systems and is capable of processing data pulses in the
order of a few microseconds duration which may occur
during periods of temporary radio isolation. Many ob-
vious modifications and variations of the present invention
are possible in the light of the above teachings. It is, there-
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: fore, to be understood, that within the scope of the ap-
pended claims, the invention may be practlced otherwise
than as speclf‘ ically dcscrlbcd

What is claimed .is:

1. A system for gathering data relatmg to short dura-
tion events, the chronological sequence of which is pre-
dictable and which occur under conditions wherein trans-
mission of the data at a later time is desnrable, compris-
ing:
~ sensor means which produce electrical signals repre-

sentative of the events being investigated;

a plurality of channels operatively associated with said
" sensor means wherein each of said channels includes

storage means for receiving and storing a signal;
gating means operatively associated with said sensor
means and connected to said plurality of channefs and

" adapted to be energized by the first of said electrical

signals to operatively connect in an ordered chrono-
logical sequence, related to-the predicted sequence of
events, individual ones. of said pluralxty of channels
to said sensing means;

a transmitter and :
- a commutator connected to sald transmitter and to sald

Storage means to sequentially conmect said storage

* means to said transmitter.

2. A system as set forth in claim 1 wherein a first chan-
nel inicluces an mtcgrate and hold circuit anda peak meas-
uring and hold circuit.
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3. A system as set forth i in claim 1 wherein one of said -

channels includes a plurality of storage means and con-
trol means which sequentially connect said plurality of -
storage means to individually receive sequential samples of
. the sénsor signal received by said channel.

4. A system for gathering data for transrmss:on at a
later time comprising:

30
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" sensor means for producing an electrical signal repre-
sentative of the data being gathered:

_a first channel connected to said sensor means and uised
for gathering data relating to short duration events
and including gating means operatively associated
with storing means and a tapped delay line wherein
short duration signals are sequentizally sampled at ap-
proximately 5 microsecond. intervals by said gating
means and said samples are stored by said storing
means under the control of said tapped delay line;

a second channel connected to said sensor means and
vsed for gathering data relating to longer duration
events and including gating means operitively asso-
ciated with storing means and multivibrator means
wherein Jonger duration signals are sequentially
sampled at approximately 3 millisecond intervals by

. said gating means and said samples are stored by said
storing means under the control of said multivibrator
means and;

a transmitter and a commutator conncctcd to saxd

- transmitter and to said storage means to sequentially
connect said storage means to said transmitter.
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