United States Patent

(15]

3,705,353

Randoing 1451 Dec. 5, 1972
[54]  APPARATUS FOR THE TREATMENT [56] References Cited
OF INFORMATION SIGNALS : UNITED STATES PATENTS
[72] Inventor: Jean-Martial Randoing, Boissise-le- 3571526  3/1971  Stockwell............... 179/100.2 §
Roi, France 3,233,181  2/1966 178/66 X
[73] Assignee: Centre National D’Etudes Spatiales, 3,464,019 - 8/1969 178/66 X
Paris, France 3,404,229 < 10/1968 Downey et al.................... 325/320 X
[22] Filed: July 13, 1970 Primary Examiner—Robert L. Richardson
(211 Appl. No.: 54,142 Attorney—Brufsky, Staas, Breiner & Halsey
: . No.: 54,
. ' ‘ [57] ABSTRACT
[301 Foreign Application Priority Data - - The processing of an information carried by a
July 16, 1969 . France........co.co.ioveeeeeerrrnenn. 6924195 frequency with the object of digitizing it is performed
‘ ] . e v along the so-called “quasi-constant” system used in
[52] US.Cl........ 325/42, 178/66 R, 178/69.5R, - PFM type telemetric data analysis. Two like but
: 179/100 2 K, 325/30, 325/65, 325/113, distinct circuits each operating in accordance with the
179/100.2'S *“‘quasi-constant” system are used — the recorded in-
(511 Int.Cl.ccoovsiivrinnnne. H04127/10,G11b 15/52  formation signal and a fresh reference frequency
[58] Field of Search....179/100.2 S, 100.2 K; 325/41, delivered by a clock are respectively applied to the

325/42, 45, 47,30, 58, 113, 115, 320, 325;
' 178/69.5 R, 66 R

fl

two inputs of one of these circuits, whereas the
recorded reference signal and the same fresh
reference frequency as above are respectively applied
to the two inputs of the other of these circuits.

3 Claims, 4 Drawing Figures

TELEMETRY READING

QUATANT

M - X 1
T|REFERENCE -Q)-
|| READING Y1

F/
X
y2 -Qp-
e Z
=) (QuatanT




3.705,353

PATENTEDDEC S 172

SHEET 1 OF 2

N LYV ¥OINd

i%%%s&j

35019 IN N340
owmw_«%“m__ . Ly Ol ANV 6 S3LV9O
2L | - (@)

| |

“_ (9)
| @)
|

|

!

[

___:__JE

Col4

LYV HOl¥d
m.r<0J 4 V.UOH_
iy T T 1 S 7 -
el 15
/ ol 31v9
N zI = ﬂwﬂﬂ
SHILINNOD P

3snd
&
1INQYIY
@ ¥3SVHd

3
v I
)
mmozmms_hsz\ © Mmmwm 1
318VLSONOW -
@an b —
7 IIRSECE
01031307 (V) —-
3903 ] o
SV LER ) \ Y
¥31417dNY \
HOLVINQOW3a il | \w
D T
- INVIVNO
L7914




3,705,353

PATENTEDDEC S 1972

SHEET 2 OF 2

%2070y
n
»z&gf o
e
4
INQI
o4 : :
X ) ..\N
N ]
~to- AN
X
% Wd ,
INVIVND \ i

ONIQVIY AYL3IW3T3L

¥ 94

Y3009
SiLINOVW

1V HOolud

3

\

AON3NO344
JON3Y343Y

AONINDIYL
H13W3T31



3,705,353

i
APPARATUS FOR THE TREATMENT OF
INFORMATION SIGNALS

The present invention concerns the processing on a
digital computer of a frequency carried information
which is digitized that is translated from a voltage into a
number which can-be recorded in electronic mul-
tivibrators or stored on a magnetic tape.

More precisely, the present invention uses a digitiza-
tion method which is derived from a known process
which will be named hereafter QUATANT, but which
is devised in order to neutralize the effects of flutter or
distortion in the play-back of a previously recorded
frequency and to reduce noises from:any source. It is
known that the QUATANT process is currently used
with regard to the treatment of weak signal telemetries
of the PFM (Pulse Frequency Modulation) type com-
ing from satellites or other machines. It will be
described briefly below, but it will just be recalled now
that it uses a device delivering two numbers: first, a
time measure represented by a train of impulses com-
ing from a clock whose period is of the order of one
microsecond and corresponding to a whole number of
half-periods of the information signal; second, a
number of ascending (or descendmg) passages of the
carrier during this same time. A computer reckons
these two numbers and derives the average period of
the measurement, the latter being the period of the
clock in the ratio of the two numbers in question.

A theoretical study shows that the best knowledge of
the error by which the measurement is affected is had
when the integration time does not depend on the mea-
sured' frequency, but is constant. The principle of
synchronization - of the telemetry ‘on the passages
through zero does not meet this condition but comes
close to it, (whence the designation of “quasi-con—
stant” and its contraction in QUATANT).

The QUATANT device gives satisfactory results in
instantaneous measurements, operating on the infor-
mation signal itself upon: reception. However, una-
voidable difficulties -arise when the measurement is
made later at play-back of the recorded signal on a
magnetic tape, because of the flutter due to speed
variations of the magnetic tape and other disturbances
or irregularities during unwinding which produce an ef-
fect that could be called pleating on the frequencies of
the signal: therefore, there is a distortion of the
frequency compared to the recorded frequency on the
magnetic tape.

Thus, one runs into the following systematic incon-
venience the QUATANT device: the play-back
frequency on the magnetic tape is found subjected to
flutter and suffers a pleating effect, while the digitizing
or reference frequency is not subjected to the flutter of
the magnetic recorder, due to the fact that it is
generated on the spot at the moment of measurement;
it comes directly from a quartz clock which is placed
beside the magnetic recorder. Consequently, the QUA-
TANT device will give an erroneous measurement: the
quotient of a frequency which is tainted with flutter by
another frequency which is not.

It has already been proposed to alleviate this incon-
venience by recording the reférence frequency at the
same time as the telemetry signal and on the same mag-
~netic tape but on different tracks. The reference
frequency thus recorded will later serve in the counting
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instead of the usual clock of the QUATANT device
and, at the time of play-back, the recordings will both
be equally affected by flutter: no doubt the error will be
found reduced -due to this fact but nevertheless not
eliminated, and it is moreover indeterminable so that it
is impossible to apply the necessary corrections.

Moreover, the reference frequency generally is not
high enough to serve suitably for counting. If one wants
to benefit from a satisfactory definition, it is necessary
to have, for example, a thousand sinusoid arcs of the
clock frequency per sinusoid arc of the information
frequency: for a PFM telemetry signal which would be
from 5 to 15 kilocycles one would have to have
recourse to a reference frequency of 5 to 15 megacy-
cles, which is unthinkable at the present time, when it is
known that the ranges of bandwidth of magnetic tapes
are of the order of several only a few megacycles for
the most sophisticated and expensive magnetoscopes
In any event, such a way of proceeding is precluded
since, for economic reasons, recordings are made at
such that the bandwith of the magnetic recorder is just
higher than the bandwidth of the telemetry informa-
tion. Having a frequency a thousand times higher is
therefore out of the question.

It was also thought of using a reference frequency of
the order of 20 kilocycles and of multiplying it, but that
proved illusionary, for the multiplication of a frequency
is a very delicate operation when the frequency is not
absolutely stable, and one could wind up with extreme-
ly complex frequency multipliers. If this crude solution
could be perhaps adopted under certain conditions for
a given satellite and with apparatuses of excellent quali-
ty, it must be categorically excluded when one has to
deal with ten or so different satellites, in addition to
rocket probes or balloon probes. As a matter of fact, a
“standard” of frequency does not exist; moreover, ex-
perience shows that in the receiving stations the
recorded frequencies are highly deteriorated for vary-
ing reasons: magnetic recording is a technique which
demands great mastery on the part of the operator as it
is subject to all kinds of hazards and to deteriorations of
an electronic source, due to the instability of reference
frequencies of an electronic source, due to the instabili-
ty of reference frequencies (the latter are quite often
unusable because their level is either too weak or too
strong, or because there are comments on a side track
that pass over the reference frequency, or even
because, close by, the level is too strong, or still
because the apparatus was jostled, etc.).

The present invention copes with the problem of
flutter from a radically different viewpoint in order to
arrive at a solution that is both simple and of high fideli-
ty. The basic idea of the present invention is to consider
the reference frequency no longer as an accessory for
the treatment of the telemetry signal but as a main
signal on the same level as the latter. In other words,
the QUATANT process will be duplicated and applied
on the one hand conjointly to the telemetry signal
which is recorded and to a clock frequency as usual,
and, on the other hand, in an independent manner,
conjointly to the reference signal that is recorded and
to the same clock frequency. .

One will thus have recourse to QUATANT devices
which are completely separate, were it not for the fact
that they receive a like clock frequency, one of the
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QUATANT devices being subjected to the telemetry
signal and the other one to the reference signal, both
being recorded on the same tape. Since the clock that
delivers the digitizing frequency is common to the two
QUATANT devices, the period of each of the two in-
formations measured with the same clock is recovered.
Since both of these informations are tainted with the
same flutter and since they are measured with the same
clock, the ratio of the two informational frequencies
will permit, with all the desired precision, finding the
telemetry frequency, knowing the frequency of the
recorded reference signal.

In the drawing:

FIG. 1 is a block diagram of a prior art QUATANT
device;

FIG. 2 represents the signals at various points of this
device;

FIG. 3 illustrates diagrammatically the prior art con-
joint recording of the signals on a magnetic tape; and

FIG. 4 illustrates likewise the application of the
present invention.

In referring to FIGS. 1 and 2 of the drawing, it will be
recalled that the know QUATANT device Q, to whose
input X is applied the telemetry or information signal I
having as carrier a frequency of PFM type, comprises
essentially:

a clipper amplifier 1 that is subjected to the
telemetry signal I and followed on the one hand by a
trigger 2 or threshold decision circuit which delivers an
impulse i at each passage of the carrier through zero,
and, on the other hand by a demodulator 3 which is it-
self followed by a leading edge detector 4;

a logical control chain which comprises a first mono-
stable multivibrator 5 tripped by the synchronization
impulse emitted by the leading edge detector 4 (in the
instance where one is not dealing with the PFM but
with a continuous frequency, one can dispense with
elements 3 and 4 and subject the mono-stable mul-
tivibrator § directly to an external synchronization
signal) and a second mono-stable multivibrator 6
tripped by the trailing edge of the impulse coming out
of 5. These two mono-stable multivibrators 5 and 6 are
respectively associated with phaser circuits 7 and 8
which otherwise receive the zero passage impulse i for
the “‘start” d and “stop” a control of two gates 9 and
10, gate 9 receiving the zero passage impulses i;

a clock 11 operating on, say, 10 megacycles and
delivering, to another input Y and through the gate 10,
the digitizing frequency of period 8,

two impulse counters 12 and 13 serviced by the gates
9 and 10 respectively and consequently started up and
stopped simultaneously the control signals d and a that
are delivered by the mono-stable multivibrators 5 and 6
after having been phase equalized at 7 and 8 as the in-
formation signal passes through zero.

In effect, it will be noted that the return of the first
mono-stable multivibrator 5 to the resting position
defines the “start counting” d. The delay which is in-
troduced is adjusted so as to begin the counting only
when the frequency of the telemetry under considera-
tion is stabilized. For its part, the trailing edge of the
pulse issuing from the second mono-stable multivibra-
tor 6 defines the “stop counting” a and, as previously
noted, the delay is adjusted in such a way as to stop the
counting ahead of the defects which can affect the end
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of the telemetry or as a function of the chosen time of
integration.

It can be seen, finally, that counter 13 counts a
number N2 of impulses coming from clock 11 during
the measuring time T which separates start d from stop
a at gate 10 and which correspondé to a whole number
of half periods of the information signal, while, on the
other hand counter 12 counts number N1 of ascending
passages through zero of the carrier during the same
time T. The two counters are re-set to zero before any
new counting.

The QUATANT device which has just been
described thus furnishes the two numbers N1 and N2
which are supplied to a suitable computer, giving the
mean period of the telemetry: 6. N1/N2,

As was mentioned in the above introduction, this
result is tainted by error due to flutter if the informa-
tion signal I is read on a magnetic recorder and is con-
sequently subjected to distortions, while clock 11
remains unaffected.

This defect, even though abated, still holds nonethe-
less if the reference signal coming from the clock was
recorded at the same time and on the same magnetic
tape as the information signal, as is shown diagram-
matically in FIG. 3 where f indicates the telemetry
frequency and F the reference frequency, the magnetic
recorder being at M and f and F being recorded on two
different tracks of the tape. In this case, with the dia-
gram of the QUATANT device Q of FIG. 1, the infor-
mation signal I at input X would be the recorded
telemetry signal f and the clock signal at input Y would
be the recorded reference signal F, both being equally
affected by flutter and becoming respectively f’ and F’
when read from the tape.

In accordance with the present invention, one
procedes in an entirely different manner in that one
uses two QUATANT devices Q1 and Q2 (see FIG. 4),
each one analogous to the preceding device Q. One of
these devices, Q1, receives the recorded signal f* as in-
formation signal (corresponding to I in FIG. 1), at its
input XI, while the other device Q2 receives the
recorded signal F' at its input X2 in the same way. A
same clock 11 is connected to the inputs Y1 and Y2 of
the two devices Q1 and Q2.

As was explained above regarding FIG. 1, the QUA-
TANT system allows the calculation of the information
frequency which is proportional to the ratio of the two
numbers N1 and N2, the proportionality factor being
the period @ of the clock signal.

The lay-out of the invention which is illustrated in
FIG. 4 makes a knowledge of this proportionality factor
useless and yields as output of Q1 and Q2 respectively:

1/f/=6.N1/N2
(1/F")=0.(N'1/N'2)
From which 8 is eliminated in making the ratio
(F'I[F=NI1/N2 - N'2/N'l.
Since the flutter affects fand F in the same ratio
F'I[F=fIf

and since F is known, it is easy to calculate f:
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f=F.fIF'=F.N2IN1 .N'1/N"2.

It will be convenient to choose F as large as possible
so that the integration periods (T in FIG. 2) of the two
QUATANT devices Q1 and Q2 may be as close as
possible. ‘

In the subjoined claims, the term “QUATANT
device” will be taken to mean the prior art device
designed and operating. as described -above with
reference to FIGS. 1 and 2.

It is claimed:

1. An apparatus for the processing of a frequency-
carried information signal and a reference signal both

.recorded on a same support subject to distortion at
playback of recorded data arising from flutter or the
like, comprising:

a first QUATANT device (Q1) having an informa-
“tion signal input (X1) and a reference signal input
(YD),

a second QUATANT device (Q2) having an infor-
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firsi QUATANT device to operate conjointly
therewith, _

means for picking-up from said support said informa-

tion signal (f) and applying the same to said infor-
mation signal input (X1) of said first QUATANT
device (Q1),

means for simultaneously picking-up said reference

signal (F’) and simultaneously applying the same
to said information signal input (X2) of said
second QUATANT device (Q2), and

means (11) for delivering a same reference frequen-

cy (8) simultaneously to both said reference signal
inputs (Y1, Y2), and simultaneous with the appli-
cation to said information signal inputs (X1, X2)
of the respective signals (f, F’), whereby said
distortion is eliminated.

2. An apparatus as claimed in claim 1, wherein said
reference frequency delivering means comprises a
clock.

3. An apparatus as claimed in claim 1, wherein said
support is a magnetic tape having two recording tracks.
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