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(571 ABSTRACT

A transmission system which transmits first and sec-
ond frequency signals separated by a difference fre-
quency to a moving target which reflects or scatters
the Doppler-shifted signals as respective third and
fourth signals which are separated in frequency sub-
stantially by the difference signal. The third and fourth
signals are heterodyned in a receiver with a local oscil-
lator, and the output of the heterodyne stage is con-
nected to a filter which passes preselected ones of the
heterodyned signals to a non-linear device. The non-
linear device produces a signal in response to the pre-
selected signals, the frequency of which is substan-
tially equal to the difference frequency. The transmis-
sion may be directly to a receiver for communicating
so that the Doppler shift occurs primarily because of
relative movement between the transmitter and re-
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MULTI-FREQUENCY OPTIMUM HETERODYNE
SYSTEM

This is a continuation of application Ser. No. 069718,
filed Sept. 4, 1972.

This invention relates generally to a system which is
ideally suited for use as an acquisition or a tracking
radar or communication system, and to detect and
identify a source of remotely or locally emitted weak
signals.

It is a well known fact in radar technology that when
a target to be detected or monitored is moving with re-
spect to the radar receiver, the signal reflected or scat-
tered from the target will be shifted in frequency due
to the Doppler effect. Moreover, this so-called Doppler
shift is related to velocity. Accordingly, when the ve-
locity of the target is known the Doppler frequency
shift can be easily calculated. Accordingly, the receiver
may then be turned to the frequency shifted signal to
increase the sensitivity of the system. However, a major
problem is presented when the target velocity is un-
known which, in turn, places a severe limitation on
presently available acquisition and tracing radar sys-
tems.

To be more specific, when the velocity of the target
is unknown, as is the case with most target detecting
systems, the Doppler shift in frequency of the reflected
signal cannot be calculated. In order to compensate for
the unknown frequency shift, the receiver circuits are
usually made broadband so that they can'accommodate
signals having frequencies which fall into a large band.
However, increasing the bandwidth of the receiver cir-
cuits also increases the amount of noise signals which
can pass through the receiver to the final output stages.
Consequently, in practice it has been found that these
noise signals may actually mask the information signals
thereby causing the system to produce erroneous or
null results. Hence, these systems are inherently subject
to unreliable and inaccurate results.

Many solutions have been proposed to ameliorate the
above problem but each solution has an inherent draw-
back. For example, one such solution is to use a narrow
band receiver and heterodyne the received signal of un-
known frequency with a local oscillator the frequency
of which continuously varies. The theory behind this
system is that at one point the received and local signals
will mix to provide an intermediate signal which will
pass through the receiver circuits. A similar system in-
cludes a relatively narrow bandpass filter in the re-
ceiver chain, the passband of which is varied. However,
all of these systems are extremely inaccurate, particu-
larly when they are utilized in acquisition radar
schemes. Thus, since the system is scanning in both
space and frequency tuning within the receiver, the sig-
nal indicating the target may be missed completely.

Accordingly, an object of the present invention is to
provide an improved transmission system.

A more specific object of this aspect of the invention
is to provide a transmission system which is specifically
adapted for use as a radar acquisition or tracking sys-
tem.

Another object of the invention is the provision of 2
transmission system which permits the continuous
seeking and/or monitoring of a target regardless of
Doppler shifts.

Another object of the invention is the provision ofa
transmission system which substantially eliminates the
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need for a stable local oscillator or the frequency scan-
ning of the same or other circuit elements thereby re-
ducing both the cost and the complexity of the associ-
ated circuitry.

A further disadvantage associated with presently
known radar systems of the type described above arises
even in those cases where the velocity of the target is
known. To be more specific, as the radar system sweeps
through an angle as it tracks a target the component of
the velocity detected by the radar system continuously
changes. Thus, the frequency shift of the reflected sig-
nal due to the Doppler effect likewise continuously va-
ries and may fall out of the receiver passband. Such sys-
tems are designated angle dependent systems.

Accordingly, another object of the present invention
is the provision of a transmission system which is angle
independent even when utilized as a tracking radar sys-
tem.

The Doppler effect occurs whenever one body is
moving with respect to another. Thus, signals passing
between a transmitter and a receiver will be shifted in
frequency if either one or both elements of the system
are in motion. Thus, in rocketship-to-rocketship com-
munication systems, for example, the signals may be so
shifted in frequency due to the velocities of the rocket-
ships that the received signal may fall outside the pass-
band of the receiver. The receiver may, of course, be
tuned so that it will receive a wide band of frequencies;
however, this solution produces problems similar to
those described above with respect to widening the
bandwidth of a radar receiver.

Accordingly, a further object of the invention is to
provide a transmission system which insures the accu-
rate retrieval of information from a transmitted signal
regardless of movement of the transmitter and/or the
receiver.

A more specific object of this aspect of the invention
is to provide a high efficient and effective communica-
tion system which is operable to extract information
modulated on a transmitted signal regardless of Dop-
pler frequency shifts which occur in the system,

Accordingly, a transmission system constructed ac-
cording to one aspect of the invention comprises trans-
mission means for transmitting first and second fre-
quency signals which are separated by a difference fre-
quency whereby said first and second frequency signals
may be received as respective third and fourth fre-
quency signals which are separated substantially by the
difference frequency. A receiver is provided which in-
cludes mixing means for mixing the third and fourth
signals with a nonvaried fifth frequency signal to pro-
duce a plurality of mixed signals at least some of which
are separated by the difference frequency. Filter means
is connected to the mixing means for passing prese-
lected ones of the plurality of mixed signals which are
separated by the difference frequency. Detecting
means is responsive to the preselected ones of the
mixed signals for producing an output signal having a
frequency related to the difference frequency. The
nonvaried fifth frequency signal is preferably produced
by a strong local oscillator.

In accordance with another aspect of the invention,
the receiving system may be used separately for the im-
proved passive emission detection of weak signals ei-
ther emitted spontaneously (or stimulated by exposure
to light, electrons, or other waves or particles) by an
atom, molecule, collection of atoms, collection of mol-
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ecules, liquid, gas, solid, or plasma. In this case, the two
or more frequencies emitted and their difference fre-
quency or frequencies may be unique to the source of
radiation (which acts as the transmitter) enabling the
final bandpass filter in the receiver to be tuned to a
naturally-occurring difference frequency, providing
near-optimum detectability for the species being de-
tected. Examples of use in this mode include the deter-
mination of the existence and the measurement of dis-
tant (including atmospheric and extraterrestrial) spe-
cies, including pollutants. Using the receiving system,
detectability is unaffected by the Doppler shift caused
by the gross and relative motion of these species. In the
prior system, the unknown Doppler shifts due to both
the gross and relative motion of such species (e.g. ga-
lactic nebulae or smokestack effluent) generally re-
duced the detectability enormously.

Other features and advantages of the present inven-
tion will become more apparent from a consideration
of the following detailed description when taken in
conjunction with the accompanying drawing, in which:

FIG. 1 is a schematic circuit diagram, in block form,
of a transmission system constructed according to the
present invention and whose receiving portion may be
used separately for passive emission detection; and

FIG. 2 is a schematic circuit diagram, in block form,
of a modified embodiment of a transmission system
constructed according to the present invention wherein
modulated information may be transmitted from a
transmitter to a receiver.

In one sense, the system of the present invention is
operable to transmit two signals which are separated by
a difference frequency to a target. The two signals
which are reflected or scattered from the target and
which may be shifted in frequency due to Doppler ef-
fects are received by a receiving apparatus which is op-
erable to extract a signal having the difference fre-
quency, or substantially the difference frequency de-
pending on the velocity of the target, from the received
signals. Hence, the presence of this extracted signal in-
dicates that the target is, in fact, present and may be
continuously monitored.

In another sense the receiving system may be used
separately for passive emission detection.

More specifically, a transmission system constructed
according to the present invention is designated gener-
ally by the reference numeral 10 in FIG. 1 and includes
a transmitter 12. The transmitter 12 is a so-called two-
frequency transmitter and transmits two signals at fre-
quencies f; and f,. (For ease of reference, these signals
will be referred to as signals f; and f, and the reflected
signals, which are frequencies f; and f;, will similarly be
referred to as signals f; and f.) The transmitted signals
S and f, are separated by a difference frequency A f.
The signals f; and f, may be optical, infrared, or micro-
wave frequency signals and the only design limitation
on the transmitter 12 is that the difference frequency
A f remains substantially constant albeit the actual fre-
quency of the signals may drift somewhat. This limita-
tion is easily achieved if the transmitter is a two-mode
laser since the modes tend to drift together thereby
keeping the difference frequency Af constant. A practi-
cal laser which has these properties is a carbon dioxide
laser. However, this example is not to be considered as
being a limitation of the present invention since any
type of transmitter which maintains the difference fre-
quency substantially constant may be utilized.
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As noted above, the signals f; and f; are transmitted
to a target 14. Under normal circumstances, the target
14 which may, for example, be a satellite, an airplane,
an astronomical body, or the like is moving and the sig-
nals impinging on the target 14 and being reflected or
scattered therefrom will be shifted in frequency due to
Doppler effects. In addition to frequency shifts due to
the velocity of the target, it should be noted that the
signals may also be broadened in frequency due to the
scattering of the signals. Accordingly, after reflection
or scattering, the signal f; will have a frequency f; and
the signal f, after reflection or scattering will have the
frequency f;. However, as noted in greater detail below,
the difference in frequency between the signals f; and
fa will be substantially equal to the difference frequency
Af

The signals f; and f; are received by a receiving appa-
ratus designated generally by the reference numeral 16.
The receiving apparatus or receiver 16 includes a mixer
or mixing stage 18 to which the signals f; and f, are ap-
plied. It is to be understood that the stage 18 may in-
clude a photodetector or other detector of electromag-
netic radiation as well as amplifiers for amplifying the
received signals. A local oscillator 20 applies a signal
fi. to the mixer 18. The mixer 18 is operable to mix
three signals together. That is, the mixer 18 is operable
to mix the signal f;, from the local oscillator 20 with the
received signals f; and f; to produce a plurality of sig-
nals which may include sum and difference frequency
signals as well as intermodulation signals.

In practice, where a carbon dioxide or other infrared
or optical laser is used as the source of the signals, the
mixer will usually produce only differente frequency
components and a dc component and not sum fre-
quency and double-frequency components. Addition-
ally, it is desirable to provide a relatively strong local
oscillator signal f;, so that the signal-to-noise ratio is
maximized, in which case the signal of frequency fif,
will be relatively weak. However, these examples are
for illustrative purposes only and are not to be inter-
preted as being a limitation on the present invention.

The output terminals of the mixer 18 are connected
to a bandpass filter 22 through a blocking or coupling
capacitor 24 which blocks the DC component of the
mixed signals produced by the mixer 18.

The passband of the filter 22 is chosen so that only
the difference frequencies in the band of frequencies
under consideration will appear at the output terminals
thereof. That is, the passband of filter 22 is selected to
be narrow to reduce the amount of noise which may
pass through the filter. However, the filter, although
limiting noise, still is of sufficient width to pass the dif-
ference signals produced by the mixer 18. Hence, in the
example under consideration, the signals appearing at
the output terminals of the bandpass filter will com-
prise a signal having the frequency (f; - f) and a signal
having the frequency (f; - f..). Since the signals f; and
fa were substantially separated by the difference fre-
quency A f, it is obvious that the signals (f; - f) and (f,
— fi) will similarly be substantially separated by the dif-
ference frequency A f.

The signals appearing at the output terminals of the
bandpass filter 22 are applied to a non-linear device 26.
The non-linear device 26 is operable to produce a sig-
nal having a component at the difference frequency A
f- That is, the cross product of the input signals (f; ~ f.)
and (fy — f,) will produce a signal at the output whose
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peak is centered at substantially the frequency A f. One
such non-linear device may be a square-law device.
However, it is emphasized that this is by way of illustra-
tion only and is not to be interpreted as being a limita-
tion on the present invention. That is, similar results
would be expected with any linear device such as a
non-linear linear device in place of the square-law de-
vice.

The output terminals of the non-linear device 26 are
connected to a bandpass filter 28 which has a relatively
narrow passband centered near or about the difference
frequency A f. Accordingly, the signal appearing on a
lead 30 which is connected to the output terminals of
the filter 28 will have a frequency very close or equal
to A f. This signal may then be applied to appropriate
indicating or processing circuitry to indicate the pres-
ence of the detected signal.

Summarizing the operation of the above system, the
transmitted signals which are substantially separated by
a difference frequency A f are received by the receiver
16 and are heterodyned by a mixer 18 in conjunction
with a local oscillator 20 to produce difference signals.
These difference signals are applied to a non-linear de-
vice which produces a signal at substantially the fre-
quency A f. The signals are applied to a bandpass filter
which passes the signal having substantially the fre-
quency A f and applies the same to appropriate indicat-
ing circuitry. Accordingly, a system has been described
which permits facilitated acquisition and continuous
monitoring of a target and which eliminates the need
for high-frequency electronics and their attendant dis-
advantages, in view of the fact that a low-frequency sig-
nal very close to A f is processed by indicating circuitry
and the like rather than higher frequency signals. This
system provides an ease in impedance matching as well
as a high signal-to-noise ratio and a low
minimum-detectable-power.

Alternatively, the receiving apparatus 16 may be
used separately for passive emission detection.

Another advantage of the present system is that the
bandwidth of the system can be extended over a greater
range than conventional radar systems. That is, the
final indicating circuit is still tuned to substantially the
frequency A feven though the bandwidth of the band-
pass filter 22 may be increased. Additionally, the pres-
ent system eliminates the need for the electronic tuning
of frequency sensitive circuits and their attendant cost
and complexity.

As noted above, it has been assumed that the fre-
quency difference between signals f; and f; is substan-
tially equal to the frequency difference A fbetween sig-
nals f; and f;. To put this another way, it has been as-
sumed that the frequency difference A f after undergo-
ing a Doppler shift (i.e., the difference between signals
f» and f,) is substantially equal to the difference A f be-
fore such Doppler shift (i.e., the difference between
signals f; and f;). To put this still another way, it has
been assumed that the difference between the Doppler
shifted difference signal and the difference signal be-
fore Doppler shift is zero. Thus, consider an example
utilizing a carbon dioxide laser radar operating at 10.6
mm in the infrared region. Assuming that a difference
frequency Afis chosen with a value of 1 MHz and that
the target is a satellite having a | meter radius with a
rotation rate of 1 rpm, and a radial velocity of approxi-
mately 10 km/sec; then, the Doppler frequency will be
equal to approximately 2 GHz. Utilizing these quanti-
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ties, calculations show that the difference between the
Doppler shifted difference frequencies f; and f; and the
difference A fbetween the transmitted signals f; and f;
is approximately equal to 60 Hz. This is a very small
shift and justifies the assumption that the difference
frequency between signals f; and f; is substantially
equal to the difference frequency between signals f;
and f;. (For more detailed analysis of this calculation,
the reader is referred to the article: Three-Frequency
Heterodyne System for Acquisition and Tracking of
Radar and Communications Signals, by the inventor,
which appears in Volume 15, Number 12 of the Applied
Physics Letters of Dec. 15, 1969, pages 420-423,
hereby incorporated by reference.)

The transmission system of FIG. 1 may also be uti-
lized to eliminate clutter from the received signal. That
is, where it is desired to seek or track a moving target,
stationary objects may produce signals or “clutter”
which may mask the desired signals. Accordingly, in
order to eliminate such clutter a notch filter 31 is pro-
vided which is connected to the output terminals of the
bandpass filter 28. The output terminals of the filter 31
are connected to the appropriate indicating circuitry.
The notch filter is tuned precisely to the known differ-
ence frequency A fand has an extremely sharp charac-
teristic so that only signals at the frequency A fwill be
attenuated by the filter.

In operation, if the radar signal is reflected or scat-
tered from a stationary object it will not undergo any
Doppler shift and, accordingly, the filter 28 output sig-
nal will be exactly equal to A f. However, this signal will
be attenuated by the filter 31. On the other hand, if the
signal is reflected or scattered from a moving target,
the signal appearing at the output terminals of the
bandpass filter 28 will be nearly but not exactly equal
in frequency to A f. Thus, this latter signal will pass
through the notch filter 31 to indicate the moving tar-
get.

Accordingly, the transmission system of the present
invention accurately indicates a moving target in the
presence of stationary objects.

In conventional communication systems wherein in-
formation modulated on a signal is transmitted to a re-
ceiver, the transmitted signal may be Doppler shifted in
frequency due to the movement of either the transmit-
ter, the receiver, or both. Additionally, the signal may
be shifted in frequency due to reflection or scattering
of the signal from a moving target. Thus, if the shifted
frequency signal falls outside the passband of the re-
ceiver, the information will be lost. Accordingly, FIG.
2 illustrates a transmission system constructed accord-
ing to the present invention which may be utilized as a
communications system to transmit information from a
transmitter to a receiver in the presence of Doppler
shifts.

While the embodiment of FIG. 2 illustrates the more
complex case wherein the Doppler shift is produced by
reflecting or scattering the signal from a moving target
as well as from motion of the transmitter and/or re-
ceiver, it is to be noted that this is for illustrative pur-
poses only. That is, in the simpler case the transmitter
transmits directly to the receiver and the Doppler shift
occurs only because of relative movement therebe-
tween.

More specifically, the communications system of
FIG. 2 is designated generally by the reference numeral
32 and includes transmitting apparatus 34. The appara-












