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6 Claims.

1

- This invention relates to a system for the de-
modulation of a wave modulated by a signal
wave-form which is substantially repetitive at a
predetermined frequency.

In the art of obstacle detection by radio pulses,
such pulses are transmitted at a known rate of
1,000 per second, for example, whereby the re-
flected wave from an obstacle also consists of a
train of pulses of the known periodicity of 1,000
per second.

In the case of obstacle detection by frequency-
sweep, a transmitted wave is varied cyclically in
frequency, at, for example 60 cycles per second.
The reflected wave from the obstacle is used to
interact with a portion of the transmitted wave
by detecting them together, when the resultant
wave is, in general, of a complex nature, but is re-
peated 60 times per second.

It is evident that when a signal, of either the
above types, is simply rectified to give a direct
current 25 an indication of the signal, a poor dis-
crimination is obtained against noise current
even though these noise currents are random in
period and phase.

An object of the present invention is to provide
arrangements for the detection of signals sub-
stantially repetitive at a predetermined fre-
quency which will discriminate against all noise
which does not conform to the characteristic en-
velope or phase of the signal.

(It may be mentioned here that though the use
of a highly selective receiver could give a certain
measure of discrimination against noise, extreme
selectivity must eventually exclude some com-
ponent part or parts of the signal. II every comn-
ponent of the signal can be used without addi-
tional bapd width, a better solution can he ex-
pected.)

The characteristic repetitive nature of the sig-
nal does not, in itself, carry any intelligence (or
information) but appears as an unwanted or
spurious modulation of the demodulated infor-
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mation bearing signal, and causes the signal to -

occupy a frequency hand width much greater
than that which is strictly required for the trans-
mission of the information of the signal. In the
circuits described herein, for example, for dis-
tance determination of an ohstacle in which the
signal output consists of a direet current, in ad-
dition to a reduction of the random noises in the
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output demodulated signal, this unwanted or
spurious modulation can bhe easily eliminated by
filtering the output without reducing the signal
level, and furthermore every component of the
signal is used and the signal changed into such
form that it occupies the minimum possible band
width consistent with the rate of information
which is required of it.

According to one feature of the invention in a
system for the demodulation of a wave modulated
by a signal wave-form which is substantially re-
petitive at a predetermined frequency, the signal
wave and a locally-derived wave of the same fre-
guency and phase and preferably of the same
shape as the signal wave-form are respectively
applied to the two input circuits of a differential
detector or balanced modulator.

According to another feature of the invention
in a system for demodulation of signal waves of
the type referred to above, the signal wave is ap-
plied to a mixing device or modulator to which is
alsoc applied a locally-generated wave constituted
by one or both sidebands of a carrier wave of
frequency F modulated by a wave of the same
frequency and phase and preferably of the same
shape as the signal wave-form, the output from
the mixing device being passed through a filter
having a mean pass frequency F.

According to a still further feature of the in-
vention in a system for demodulation of signal
waves of the type referred to, the signal-modu-
1ated wave is fed over two paths to a modulator,
one or both of such paths including a further
modulator for combining the signal modulated
wave with a carrier wave of constant frequency
and means is provided for producing a predeter-
mined difference in transmission delay through
the two paths.

In the simplest form of the present invention,
the signal wave is demodulated in a differential
detector, in which one input is the signal-wave,
and the other input is a locally generated wave
of the same periodicity and phase and preferably
of the same shape. This second input will be
known as the comparison wave, which is, as near-
1y as possible, of the same form as the signal,
but has no added noise.

In a2 “pulse” receiver, the comparison wave
consists of a train of locally generated pulses, in
which the timing is controlled, by manual or
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automatic tuning, so that the pulses are coinci-
dent with the received signal pulses.

In the frequency sweep receiver, the compari-
son wave is the same shape as the wave-form rep-
resenting the frequency variation® of the carrier
wave. Figures 1A and 1B of the accompanying
drawings show schematic block diagrams of this
simple system for the two types of equipment and
Figs. 2, 3 and 4 show block diagrams of three
further systems according to the invention.

In Fig. 1A the signal input to the differential
detector D is obtained after amplification and
detection, in an amplifier A and a detector Det
and application o a transformer T which re-
moves the D. C. component of the output, but
which accurately reproduces the H. F, envelope
of the signal. The comparison wave is cbtained
by known means. For exampie, the timing of
the wave is achieved by the phase conirol in a
network PS of a sine-wave of puise periodicity
generated by a source S, Amplitude limiting of
-this wave by a limiter I produces a square wave
form. Subjection to a high-pass filter ¥ produces
a series of positive and negative pulses, which
are applied to a half-wave rectifier R leaving
bositive D. C. pulses of the correct shiape, peri-
odicity, and timing. These pulses are passed
through a transformer Ti, or any other high-pass
filter, which removes the D. C. component, bug
conserves the envelope. L. P. is a D.'C. and low-
pass filter connected to the output of the differ-
ential detector D and filters out the unwanted
spurious modulation of repetition frequency.

If we now make a “Fourier analysis” of the
signal wave, it will be found to be of the form

e1-sin (2rf6461) +e2 sin (4rit4-42)
+€3 sin (6nft4-43) -ete.

plus noise components which are random in fre-
quency and phase. (“f” is the pulse periodicity.)

As the comparison wave is of the same general
shape, this may be analysed as:

k(e: sin (27ft4-61) +e2 sin (4rft4-62) Lete.)

The direct current component of the output
from the differential detector D is due only to
identical frequency components in the two inputs,
the value and sign depending upon the reiative
phase of the two components.

In the case of linear detectors, in which the
comparison wave dominates, the tota] D. C. out-~
‘put is proportional to

e1{-ez{-e34-ete. . .

Plus random positive and negative components
due to noise.

Thus, we have a demodulating device which
utilises every signal component of the original
wave, adding them together arithmetically. Noise
components, however, are added up as vectors,
and may, for certain types of noise, tend to can-
cel each other out altogether,

Pig. 1B shows the equivalent circuit for the
frequency-sweep equipment. The signal wave
and the comparison wave are applied o a dif-
ferential detector as before,
practical benefit is not. so great, owing to the
fact that the signal envelope is not sc well da-
fined, and that some of the noise is not com-~
pletely random in form. If, for example, the
typical signal envelope is derived from amplitude
modulation caused by selective high frequency
circuits, then the rectifieg noise tends to be syn-
chronous with the transmitter frequency. It will
be descrihed later, how this disadvantage may be
‘entirely eliminated.

In this case, the ¢
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In Pig. 1B the modulating wave from a modu-
lator M is applied to the transmitter T to fre-
quency modulate a carrier wave and a poriion of
the output T is applied to a first detector Det |
in the receiver together with the received waves
after reflection frem the obstacle giving the dif-
Terence between the received direct and reflected
waves. Li is an intermediate frequency ampli-
fler and Det 2 a second detector. The . signal
wave output is from the secondary of the trans-
former T. The comparison wave is derived from
the modulating wave, after passing if desired
through a shaping network IV, The signal wave
and the comparison wave are applied to a dif-
ferential detector as in Fig. 1A.

Referring again to the systems depicted in .
Figures 1A and 1B, the signal wave and the com-
parison wave interact to produce a direct cur-
rent output. If an alternating current output
is desired, this may be easily achieved by the
system shown in Fig. 2. .

The comparison wave is modulated by a source
3 of frequency F in modulator Mi, and the upper
and/or lower sidebands of F are passed to mod-
ulator M2 to demodulate the signal wave. In
this case the output from Mz is at frequency F,
and bears ‘a constant phase relationship. to the
original supply at irequency F. Output due to
noise currents is also at frequency F, but this
is composed of components which are random
in phase. In order to avoid the difficulty that
the noise envelope may not be entirely random,
advantage must be taken of the fact that the
phase of the noise wave is random compared
with the phase of the signal wave before detec-
tion. Unfortunately, both in pulse systems and
frequency sweep systems, the phase of the re-
ceived wave changes rapidly according to the
bosition of the obstacle. For example, if the ob-
stacle moves one quarter of g, wavelength nearer
to the transmitter, the whole signal wave is ex-
actly inverted in phase, owing to the reduction
of total signal path-lengths by half of one wave-
length, It is therefore almost impossible to gen-~
erate a suitable comparison wave for demodula-
tion with the signal before rectification of the
signai.

The above difficulty can, however, be avoided
as shown in Fig. 3 by splitting the sighal wave
into two paths, and delaying the wave in one
path by means of a delay network DN by a time
equal to one (or an exact multiple) period of
repetition of the signal. This delayed wave may
now be utilised as the “comparison wave” for de-
modulation of the waves in the non-delayed path
in the balanced detector D,

.The signal waves in the two pbaths are now
identical and simultaneous, but the noise com-
ponents of the wave being non-repetitive are
random in phase and frequency. On demody-
lation, which may be achieved by beating to-
gether the signal waves in the two paths, the sig-
nal eomponents produce output sign=® currents
which add together in similar Ssense or phase,
whereas outputs due to noise currents are ran-
dom in sense or phase:

The underlying principle of operation of this
method for demodulation ig described in Patent
No. 2,233,384, issued February 25, 1941. 71t is
shown, in this specification, that by the use of
a critical band width for the signal transmission,
noise currents which are uniformly distributed
over the frequency spectrum exactly cancel them-
selves out.

In the above msnticned application, the method
was used for the demodulation of s single carrier
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wave, so that the delay network was arranged
to be a function of the band width of the trans-
mission circuits. In the present invention, how-
ever, we are concerned only with the demodula-
tion of a signal which is repetitive at a substan-
tially constant frequency “f.” Such a repetition
wave may, of course, be subjected to a Fourier
analysis, when the various components will be
found to be a number of constant frequency car-
rier waves which are spaced in frequency by ex-
act intervals of “f” cycles/second. The delay net-
work produces a linear phase distortion of the
signals, this distortion being equivalent to a
phase rotation of 2= radians per “f” cycles of
band width.

Referring now to the system of Fig. 3, the signal
wave may bé represented as:

e1 sin (2rnuft4-61) 4
ez sin (2mn2ft-4-62) +
e3 sin (2mnsft-+63) +
ete. (where “n” is an integer) +

Noise components of indeterminate phase and
frequency, which can be written as

EN(sin wt+¢)
After subjecting this wave to a delay of
1

f
seconds, the resulting signal currents, which are
rotated in phase by exact multiples of 2=, are
mathematically unchanged. The noise compo-
nents, however, must be written down as

IN (sin wt-+¢-+ob)

where ¢! is linear with “w.” As, however, “w’’
may be of any value, ¢! may be considered to lie
anywhere between 0 and 2.

Beating together the original signal wave, and
the delayed or comparison wave in the differen-
tial detector D, the direct current output is due,
only, to the various frequency components in one
channel beating with the components of identical
frequency in the other channel.

The total D. C. output may be divided into
three groups, according to the derivation:

(1) Signal components beating with equivalent
sighal components.

(2) Noise components beating with equivalent
noise components.

(3) Signal components beating with noise com-
ponents of identical frequency.

Let us now consider group 1 components. Here
the total output at zero frequency may be written
down as '

+k(eiz4-e24-e324 . . .
assuming a square law detector, or
+kif(er) +fe2) +flead+ . . ]

for any detector law.

In either case, all signal components conspire
to give a positive output.

Let us now consider group 2 components. Here
the total output at zero frequency may be writ-
ten down as:

Tk(N? cos ¢1)

Here ¢! is random, so that addition of the var-
jous components is random in amplitude and
sense. The total output may, of course, be zero,
and is, in fact zero for the case of uniformly dis-
tributed noise over a frequency band of any mul-
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tiple of “f” cycles, over which band ¢! rotates by
an exact multiple of 2= radians.

The output at zero frequency in group 3 com-
ponents is all contained within:

4Kze sin (2rnft+6) ‘N! sin (2enftf-¢)

* where N! corresponds to those particular values
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of N which are on frequencies identical to signal
frequencies. The D. C. component of this series

=32KeN! cos (f—¢)

Here, as in group 2, the various components are
not all of the same sign, because both ¢ and ¢
may be of any value. The summation of noise
from this cause is therefore inefficient, and may
result in zero output.

In the system shown in Fig. 3, we have assumed
that the received wave is composed of frequency
components which are exact multiples of fre-
guency “f.” This assumption is, however, not
necessary, the fundamental requirement for the
signal being that it.is composed of a multiplicity
of frequency components separated.by “f” gycles,
or multiples of “f” cycles.

In this system of Fig. 3, however, it is neces-
sary that the signal components shall arrive at
D in similar phase from the two paths. A small
displacement in the mean frequency of the sig-
nal wave, would of course upset this condition,
whereby the two waves might arrive in phase
quadrature, thereby giving zero output. In cases,
therefore, where the signal wave may not be ac-
curately defined in absolute frequency—ior ex-
ample, if the signal wave is derived from the
intermediate frequency amplifier of a radio re-
ceiver (where frequency shifts occur according
to the high frequency oscillator tuning) it is de-
sirable to make some change.

Referring now to Fig. 4, in the system there
shown this difficulty has been completely avoided.

In Fig. 4 the signal-modulated wave source
feeds two separate paths to the demodulator M2
as before, and a delay network DN is inserted in
one path (either path is satisfactory) as before.

In one of these paths, however, the modulator
M; is inserted, in which the signal-modulated
wave is modulated by an oscillator 8 at fre-
quency F cycles. A filter ¥ (which may also be
the delay network) selects one of the sidebands
of F produced by the signal-modulated wave.

The two inputs to the demodulator are now
similar to those of Fig. 3, except that in the
lower path “all the components of the signal and
noise have been raised (or lowered )in frequency
by an amount F cycles.

The output is now selected at frequency F by
filter FI. This A. C. output cannot be cancelled
by a slight detuning of the signal modulated
wave frequency, this detuning of the wave now
only causing a phase rotation of the output with
respect to the oscillator S. If, for example, the
mesan frequency of the signal-modulated wave is
raised by “f” cycles, the phase of the output ro-
tates through 2r radians, owing to the relative
phase shift of the two paths caused by the delay
network.

A second modulator, similar to M1, may also
be included in the upper path. In this case, the
filter FI will have a mean pass frequency equal
to the sum or difference frequency of the modu-
lating oscillator 8 and the similar modulating
oscillator of the upper path.

It should be pointed out that the noise sup-
pression depends upon the use of a filter F'l at
frequency F in the output circuit. Similarly, in
Fig. 3, the D. C. component must be selected by
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a low-pass filter. - The bandwidth of these filters
must depend upon the speed of indication of the
signal required, this being designed, for example,
from requirements dictated by antenna-commu-
tation for directional indication of an obstacle.

What is claimed is:

1. System for the demodulation of a carrier
wave present in the form of pulses ageeurring at a
given rate of repetition, said pulses being modu-
lated in respect to one of their characteristics for
the conveyance of intelligence, comprising means
for detecting ‘the received carrier wave [in re-
spect to said pulses,] fto derive the envelope wave
of said pulses, a source for providing a compari-
son wave having substantially the same repetition
frequency and phase as the pulses of said carrier
wave, a second detector cireuit for said signal
conveying pulses, including means for differen-
tially modulating said signal pulses by the pulses
of said comparison wave, whereby a resultant
pulse wave is obtained having an improved signsl
to noise ratio and having said given repetition
frequency, and means for filtering out said repe-
tition frequency for application to a utilization
circuit.

2. A system according to claim 1, wherein said-

source is energized from said first detector and
further comprising means for adjusting the phase
of the comparison wave pulses into agreement
with that of the signal wave pulses.

3. A system according to claim 1, wherein said
second detector comprises an input transformer
and a rectifier in each of the secondary leads
thereof, and said means for differentially modn-
lating includes an input transformer and means
for balanced application of said comparison wave
pulses to said second detector.

4. A system according to claim 1, wherein said
second detector and said modulating means com-
prise-'means for obtaining the arithmetical sum
of said signal and comparison wave pulses only
and for obtaining the vectorial addition of all
other components not having said repetition fre-
quency.

5. A system for deriving a substantially noise
Iree signal from a noise distorted signal wave in-
cluding @ wave pattern of predetermined funda-
mental form, recurrent at a predetermined rate,

8

. the time position of said pattern conveying the
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signal intelligence, comprising a wave source pro-
viding o comparison wave having a component of
substantially the same repetition rate and form
as said. wave . pattern, means for adjusting the
time position of said comparison wave and said
wave patiern into time coincidence, balanced
modulator means for differentially modulating
said signal wave and said comparison wave, and
filter means for selectively passing a component
of .the output of the balanced modulator means.

6. A system according to claim 5, further com-
vrising means for energizing said wave source
under control of said signal wave. .

CHARLES WILLIAM EARP.
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