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RANGE GATED RADIO FREQUENCY
PHYSIOLOGY SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of U.S. Provisional Patent Application No. 61/673,774 filed
Jul. 20, 2012, the disclosure of which is hereby incorporated
herein by reference.

FIELD OF THE TECHNOLOGY

[0002] The present technology relates to circuits and sen-
sors for detection of characteristics of moving objects and
living subjects. More particularly, itrelates to such sensors for
generating range gated radio frequency pulses for motion
sensing, with particular emphasis on measuring movements
of people in order to determine physiological characteristics
such as breathing, heart rate and movement.

BACKGROUND OF THE TECHNOLOGY

[0003] Continuous wave (CW) Doppler radar motion sen-
sors emit a continuous wave radio frequency (RF) carrier and
mix the transmitted RF with the return echoes to produce a
difference frequency equal to the Doppler shift produced by a
moving target. These sensors do not have a definite range
limit (i.e., they can receive signals for both near and far
objects, with the received signal being a function of radar
cross section). This can lead to false triggers i.e., motion
artefact interference. They may also have an undesirably high
sensitivity at close range that leads to false triggering.
[0004] A pulse Doppler motion sensor is described in U.S.
Pat. No. 4,197,537 to Follen et al. A short pulse is transmitted
and its echo is self-mixed with the transmitted pulse. The
pulse width defines the range-gated region. When the trans-
mit pulse ends, mixing ends and target returns arriving after
the end of the transmit pulse are not mixed and are thereby
gated out.

[0005] A Differential pulse Doppler motion sensor dis-
closed in U.S, Pat, No. 5,966,090, “Differential Pulse Radar
Motion Sensor,” to McEwan, alternately transmits two pulse
widths. It then subtracts the Doppler responses from each
width to produce a range gated Doppler sensing region having
a fairly constant response versus range.

[0006] Impulse radar, such as that described in U.S. Pat.
No. 5,361,070, “Ultra-Wideband Radar Motion Sensor,” to
McEwan produces a very narrow sensing region that is related
to the transmitted impulse width. A two-pulse Doppler radar
motion sensor, as described in U.S. Pat. No. 5,682,164,
“Pulse Homodyne Field Disturbance Sensor,” to McEwan,
transmits a first pulse and after a delay generates a second
pulse that mixes with echoes from the first pulse. Thus arange
gated sensing band is formed with defined minimum and
maximum ranges. UWB radar motion sensors have the dis-
advantage of not having global RF regulatory acceptance as
an intentional radiator. They also have difficulty sensing
objects at medium ranges and in some embodiments can be
prone to RF interference.

[0007] A modulated pulse Doppler sensor is described in
U.S. Pat. No. 6,426,716 to McEwan. The range gated micro-
wave motion sensor includes adjustable minimum and maxi-
mum detection ranges. The apparatus includes an RF oscil-
lator with associated pulse generating and delay elements to
produce the transmit and mixer pulses, a single transmit (TX)/
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receive (RX) antenna or a pair of separate TX and RX anten-
nas, and an RF receiver, including a detector/mixer with asso-
ciated filtering, amplifying and demodulating elements to
produce a range gated Doppler signal from the mixer and
echo pulses.

[0008] In U.S. Pat. No. 7,952,515, McEwan discloses a
particular holographic radar. It adds a range gate to holo-
graphic radar to limit response to a specific downrange
region. McEwan states that cleaner, more clutter-free radar
holograms of an imaged surface can be obtained, particularly
when penetrating materials to image interior image planes, or
slices. The range-gating enables stacked hologram technol-
ogy, where multiple imaged surfaces can be stacked in the
downrange direction.

[0009] InU.S. Patent Application Publ. no. 2010/0214158,
McEwan discloses an RF magnitude sampler for holographic
radar. McEwan describes that the RF magnitude sampler can
finely resolve interferometric patterns produced by narrow-
band holographic pulse radar.

[0010] There may be a need to improve sensors for pulse
radio frequency sensing such as in the case of physiological
characteristic detection.

SUMMARY OF THE TECHNOLOGY

[0011] One aspect of some embodiments of the present
technology relates to a sensor for detecting physiology char-
acteristics with radio frequency signals.

[0012] Another aspect of some embodiments of the tech-
nology relates to such a sensor with a circuit configured to
generate pulsed radio frequency (RF) signals such as for
range gating.

[0013] A still further aspect of some embodiments of the
technology relates to a sensor with a circuit with improved
oscillator design.

[0014] An additional aspect of some embodiments of the
technology relates to such a sensor configured for improved
RF oscillator frequency stability that also maintains fast
switching characteristics desirable for range gating.

[0015] A further object of some embodiments of the tech-
nology is to provide an RF sensor that is amenable to radio
frequency regulatory requirements as an intentional radiator.
[0016] Some embodiments of the present technology may
include a radio frequency motion sensor. The sensor may
include a radio frequency transmitter. The transmitter may be
configured to emit radio frequency pulses. The sensor may
also include a receiver configured to receive reflected ones of
the emitted radio frequency pulses. The radio frequency
transmitter may include a pulse generator configured to gen-
erate signal pulses; a dielectric resonator oscillator config-
ured to generate a stable radio frequency oscillating signal;
and a switched circuit coupled to the pulse generator and the
dielectric oscillator. The switch circuit may be configured to
generate a pulsed radio frequency oscillating signal whose
dominant frequency is derived from the dielectric resonator
oscillator.

[0017] In some cases, the dielectric resonator oscillator
may include a dielectric resonator and a transistor.

[0018] Optionally, the switched circuit may be a switched
wideband oscillator. A switched wideband oscillator is an
oscillator circuit with a low-Q which has a specific input
which allows the oscillator to be turned on or off. A switched
wideband oscillator can be embodied using a Field Effect
Transistor (FET) which includes a drain, a gate and a source
configured such that the dielectric resonator oscillator may be
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coupled to the gate and drain of the transistor, and a pulse can
be connected to the gate so that the oscillator can be turned on
or off. Alternatively, the switched wideband oscillator can be
based on a bipolar junction transistor (BJT) in which the
switched circuit may include an emitter, base and collector
such that the dielectric resonator may be coupled to the base
and emitter of the transistor.

[0019] In some cases, the switched circuit may be a swit-
chable radio-frequency amplifier. A switched amplifier is one
in which there is an input and an output signal, together with
a switch control signal. When the amplifier is turned on by a
switch control signal, the output of the circuit will be an
amplified version of the input. If the amplifier is turned off,
there is no output. An embodiment of an amplifier may
include a transistor having a drain, a gate and a source. The
amplifier may be configured to amplify the radio frequency
oscillating signal synchronously with the pulse signal to gen-
erate the pulsed radio frequency oscillating signal. The drain
may be coupled to receive the signal pulses from the pulse
generator. The gate may be coupled to receive the radio fre-
quency oscillating signal from the dielectric resonator oscil-
lator.

[0020] In some examples, the switched circuit may include
a wideband oscillator. The wideband oscillator may be con-
figured to injection lock with the dielectric resonator oscilla-
tor. Optionally, the wideband oscillator may include a tran-
sistor having a drain, a gate and a source. The wideband
oscillator may also include a feedback network circuit
coupled to the drain.

[0021] In some cases, the sensor may also include an
attenuator and matching network circuit between an output of
the dielectric resonator oscillator and an input of the switched
circuit. The matching network circuit may include a micros-
trip feed line coupled with a gate of a transistor of the
switched circuit. The microstrip feed line may be in a direct
feed configuration or it may be in an indirect feed configura-
tion.

[0022] In some cases, the pulse generator may include a
logic gate circuit. For example, the logic gate may include a
NAND gate. Optionally, an output of the logic gate may be
coupled with a gate of a transistor of the switched circuit.
[0023] In some examples, the sensor may also include a
processor. The processor may be configured for processing
the received reflected ones of the emitted radio frequency
pulses to derive an indicator ofany one or more of respiration,
sleep and heart rate. Optionally, the sensor may also include
a respiratory treatment apparatus. The respiratory treatment
apparatus may include a flow generator with a processor. The
processor of the respiratory treatment apparatus may be con-
figured to process the indicator.

[0024] Some embodiments of the present technology may
involve a circuit for generating signals to produce radio fre-
quency pulses for range gated physiology sensing. The circuit
may include a pulse generator configured to generate signal
pulses. These signal pulses can be used to provide the control
signals to the switched circuit shown in FIG. 4. The circuit
may also include a dielectric resonator oscillator configured
to generate a radio frequency oscillating signal. The circuit
may also include a switched amplifier circuit coupled to the
pulse generator and the dielectric resonator oscillator. The
switched amplifier circuit may be configured to generate a
pulsed radio frequency oscillating signal in accordance with
the signal pulses and radio frequency oscillating signal. The
circuit may also include an antenna feed coupled with an

Aug. 6, 2015

output of the switched amplifier circuit to accept the pulsed
radio frequency oscillating signal and emit radio frequency
pulses in accordance with the pulsed radio frequency oscil-
lating signal via an antenna.

[0025] In some cases, the dielectric resonator oscillator
may include a dielectric resonator and a transistor. The tran-
sistor may have a drain, a gate and a source, and the dielectric
resonator may be coupled to the gate and to the drain of the
transistor. Optionally, the amplifier may include a transistor
having a drain, a gate and a source and the amplifier may be
configured to amplify the radio frequency oscillating signal
synchronously with the pulse signal to generate the pulsed
radio frequency oscillating signal. The drain may be coupled
to receive the signal pulses from the pulse generator. The gate
may be coupled to receive the radio frequency oscillating
signal from the dielectric resonator oscillator.

[0026] In some cases, the circuit may also include a filter
and a set of magnitude detectors both coupled with the
antenna feed. The magnitude detectors may be configured to
detect signals received with the antenna feed based on signals
generated from the switched amplifier circuit.

[0027] Some embodiments of the present technology may
involve a circuit for generating signals to produce radio fre-
quency pulses for range gated physiology sensing. The circuit
may include a pulse generator configured to generate signal
pulses. The circuit may also include a dielectric resonator
oscillator configured to generate a radio frequency oscillating
signal. The circuit may also include a switched oscillator
circuit coupled to the pulse generator and the dielectric oscil-
lator. The switch oscillator circuit may be configured to gen-
erate a pulsed radio frequency oscillating signal in accor-
dance with the signal pulses and radio frequency oscillating
signal. The circuit may also include an antenna feed coupled
with an output of the switched oscillator circuit to accept the
pulsed radio frequency oscillating signal and to emit radio
frequency pulses in accordance with the pulsed radio fre-
quency oscillating signal via an antenna.

[0028] In some cases, the dielectric resonator oscillator
may include a dielectric resonator and a transistor. The tran-
sistor has a drain, a gate and a source, and the dielectric
resonator may be coupled to the gate and to the drain, of the
transistor. The switched oscillator circuit may include a wide-
band oscillator. The wideband oscillator may be configured to
injection lock with the dielectric resonator oscillator. Option-
ally, the switched oscillator circuit may include a transistor
having a drain, a gate and a source and the switched oscillator
circuit may include a feedback network coupled to the drain.
An attenuator and matching network may couple the radio
frequency oscillating signal output of the dielectric resonator
oscillator with the gate of the transistor of the switched oscil-
lator circuit by a microstrip feed line coupled to the gate of the
transistor of the switched oscillation circuit. The microstrip
feed line may be in a direct configuration or it may be in an
indirect configuration. Optionally, the pulse generator may be
coupled with a gate of a transistor of the switched oscillator
circuit.

[0029] Other aspects, features, and advantages of this tech-
nology will be apparent from the following detailed descrip-
tion when taken in conjunction with the accompanying draw-
ings, which are a part of this disclosure and which illustrate,
by way of example, principles of the technology. Yet further
aspects of the technology will be apparent from the appended
claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Further example embodiments of the technology
will now be described with reference to the accompanying
drawings, in which:

[0031] FIG. 1 is an illustration of an example detection
apparatus suitable for implementation with a radio frequency
physiology sensor of the present technology:

[0032] FIG. 2 is a diagram illustrating a conceptual struc-
ture and process flow for evaluation of sensor signals suitable
for some embodiments of the technology;

[0033] FIG. 3 is a depiction of further processing of sensor
signals for the detection of example physiology indicators;
[0034] FIG. 4 shows example components involved in a
generation of range gated radio frequency signals with
switched oscillation in some embodiments of a sensor circuit
for the present technology;

[0035] FIG. 5 is an schematic of components for an archi-
tecture of an example sensor circuit in some embodiments of
the technology;

[0036] FIG.5Ais an schematic of components for an archi-
tecture of another example sensor circuit in some embodi-
ments of the technology;

[0037] FIG. 6 is a block diagram with example components
for an oscillator embodiment ofthe switched circuit of FIG. 4;
[0038] FIG.7isablock diagram with example components
for anamplifier embodiment ofthe switched circuit of FIG. 4;
[0039] FIG. 8 is a circuit diagram showing an example
circuit suitable for implementation as the amplifier embodi-
ment of FIG. 7 in some sensors of the present technology; and
[0040] FIG.9isasignal representation of “dithering” of the
pulse generation (in which the underlying pulse repetition
frequency is varied linearly).

DETAILED DESCRIPTION

[0041] As illustrated in FIG. 1, some embodiments of the
present technology may implement a sensing or detection
apparatus 100 useful for detecting physiological characteris-
tics of a user or patient in the vicinity of the apparatus. The
sensor may be a standalone sensor or may be coupled with
other apparatus, such as a respiratory treatment apparatus, so
as to provide an automated treatment response based on an
analysis of the physiological characteristics detected by the
sensor of the apparatus. For example, a respiratory treatment
apparatus with a controller and a flow generator may be
configured with such a sensor and may be configured to adjust
a pressure treatment generated at a patient interface (e.g.,
mask)inresponse to physiological characteristics detected by
the sensor.

[0042] A typical sensor of such an apparatus may employ a
transmitter to emit radio frequency waves, such as radio fre-
quency pulses for range gated sensing. A receiver, which may
optionally be included in a combined device with the trans-
mitter, may be configured to receive and process reflected
versions of the waves. Signal processing may be employed,
such as with a processor of the apparatus that activates the
sensor, to derive physiological characteristics based on the
received reflected signals.

[0043] For example, as illustrated in FIG. 2, the transmitter
transmits a radio-frequency signal towards a subject, e.g., a
human. Generally, the source of the RF signal is a local
oscillator (LO). The reflected signal is then received, ampli-
fied and mixed with a portion of the original signal, and the
output of this mixer may then be filtered. The resulting signal
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may contain information about the movement, respiration
and cardiac activity of the person, and is referred to as the raw
motion sensor signal.

[0044] FIG. 3isadiagram illustrating processing of the raw
sensor signal to produce indicators of the physiological char-
acteristics. The raw signal will generally contain components
reflecting a combination of bodily movement, respiration,
and cardiac activity. Bodily movement can be identified by
using zero-crossing or energy envelope detection algorithms
(or more complex algorithms), and used to form a “motion
on” or “motion off” indicator. For example, such movement
detection algorithms may be implemented in accordance with
the methodologies disclosed in U.S. Patent Application Publ.
No. 2009/0203972, the entire disclosure of which is incorpo-
rated herein by reference. The respiratory activity is typically
in the range 0.1 to 0.8 Hz, and can be derived by filtering the
original signal with a bandpass filter with a passband in that
region. The cardiac activity is reflected in signals at higher
frequencies, and this activity can be accessed by filtering with
a bandpass filter with a pass band of a range from 1 to 10 Hz.
[0045] Such a respiration and movement sensor may be a
range gated RF motion detector. The sensor may be config-
ured to accept a DC power supply input and provide four
analog motion channel outputs with both in-phase and
quadrature components of the respiration and movement sig-
nals of a person within the detection range. In the case of a
pulsed RF motion sensor, range gating can help to limit move-
ment detection to only a preferred zone or range. Thus, detec-
tions made with the sensor may be within a defined distance
from the sensor.

[0046] To achieve range gating in a pulsed RF motion
detector system the RF pulses should have a fast turn-on and
settling time characteristic. A wideband RF oscillator with a
low Q factor tuned circuit may be suitable for such embodi-
ments. Switching the wideband RF oscillator ON and OFF
can allow the oscillator to generate the RF pulses. However,
wideband oscillators are prone to frequency stability issues.
Accordingly, embodiments of the present technology may
dramatically improve RF oscillator frequency stability while
maintaining the fast switching characteristics required for
range gating.

[0047] Forexample, as illustrated in F1G. 4, atypical sensor
402 of the present technology may employ an oscillator 404,
such as a dielectric resonant oscillator (DRO). The DRO may
be a high Q DRO that is a narrowband oscillator (e.g., a DRO
operating at 10.525 GHz), such as an oscillator incorporating
a puck of dielectric material. The DRO typically generates a
stable RF frequency characteristic and is relatively immune to
variation in temperature, humidity and component parasitics.
However, it may typically have a very slow turn on time and
as such cannot be switched ON and OFF fast to provide an RF
signal suitable for a range gated system. For example, a
typical DRO may switch ON about 1000 times too slowly to
meet some sensor range gating requirements.

[0048] Accordingly, to address such issues, the oscillator
404 may be coupled with a switched circuit, such as a
switched wideband oscillator or a switched amplifier. In such
a case, the DRO oscillator 404 may produce a stable RF
oscillation signal such as when it is kept continuously ON
during pulsed transmissions rather than being powered ON
and OFF by switching the DRO oscillator’s power source.
The stable radio frequency oscillation signal 404-CRF (con-
tinuous radio frequency) continuously output from the DRO
oscillator 404 may then be applied to an input of the switched
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circuit 406. Based on a timing pulse signal 408-PRF (pulse
repetition frequency) output from a pulse generator 408 to an
input of the switched circuit 406, the switched circuit 406
may generate the radio frequency pulse signals 406-RFPS,
used for range gating, in synchrony with the pulse signal
408-PRF, to control transmission of the pulsed RF electro-
magnetic waves from a suitable antenna and antenna feed (not
shown in FIG. 4).

[0049] In the case of this implementation of the switched
circuit, injection locking may be employed to stabilize the
switched wideband oscillator to provide both frequency sta-
bility and fast oscillator turn on with good OFF attenuation
characteristics. Thus, the switched circuit 406, when in the
form of a wideband oscillator, may be injection locked by the
DRO oscillator 404. In the case of the implementation of the
switched circuit 406 using a switched amplifier, the wideband
amplification of the DRO oscillator’s RF output signal can
provide both frequency stability and an even faster turn on
time.

[0050] Alternatively, in some embodiments, rather than
implementing a switched oscillation circuit to generate the
pulsed radio frequency signal as illustrated in FIG. 4, one or
more semiconductor switches, such as in series, may be
implemented to selectively shunt or pass the radio frequency
signal. In such alternative embodiments, the switch or
switches merely permit selective output of the radio fre-
quency signal due to toggling of the switches. In this sense,
the switch, as opposed to the switched oscillation circuit,
merely passes the received oscillation signal at certain times.
However, there are several disadvantages with such imple-
mentations. One such disadvantage of the semiconductor
switch architecture is that the components are expensive at
microwave frequencies. Another disadvantage with such a
switching architecture is that RF signal attenuation (i.e., the
ratio of ON signal level to OFF signal level) is low. A high
attenuation is required to permit correct range gating perfor-
mance. Multiple switches, such as in a “T” switch network,
can be implemented to mitigate such attenuation issues but
may undesirably increase its cost. This embodiment can be
considered as a special case of the switched amplifier imple-
mentation of FIG. 4 in which the amplifier has a gain of less
than or equal to unity.

[0051] Example sensor circuit architectures according to
some embodiments of the present technology are illustrated
in the block diagrams of FIGS. 5 and SA. The circuit may be
a bio-motion sensor implemented as a pulse Doppler radar
system operating in, for example, the microwave X-band at a
frequency of 10.525 GHz. However, other suitable RF fre-
quencies may be implemented. Some embodiments may
optionally employ a method for modulation and demodula-
tion of the pulse radar signal as described in U.S. Pat. No.
6,426,716, the entire disclosure of which is incorporated
herein by reference.

[0052] As illustrated in FIG. 5, the sensor circuit may be
formed by four main sections:

[0053] (1) ahomodyning transceiver frontend section: This
section may include the switched circuit 506, such as a
switched 10.525 GHz wideband oscillator or switched ampli-
fier, a DRO oscillator 504, an antenna feed 510 and a magni-
tude detector 512 for generation and reception of the pulsed
RF radar signals;

[0054] (2) a pulse generator 508 section: This section may
include a digital pulse generator circuit. The generator may be
configured to generate the timing pulse signals 508-PRF,
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508-1F (IF standing for intermediate frequency) for modula-
tion and demodulation of the RF radar signals;

[0055] (3)adual channel IF amplifier 514 and synchronous
IF demodulator 516 for the amplification and demodulation
of the received IF signals to produce a baseband signal; and

[0056] (4) a baseband circuit 518 for the amplification and
filtering ofthe base band signals (e.g., signal processing of the
raw signal to derive cardiac, respiratory and/or motion sig-
nals).

[0057] As shown in the circuit architecture of FIG. 5A, a
splitter 511 may optionally be implemented at the output of
the switched circuit 506 to route its output signals to a mixer
circuit 513 (e.g., multiplier). The mixer circuit 513 may then
mix these signals with signals of the reflected and received RF
signals as previously discussed herein.

[0058] A circuitofthe system in some versions may operate
according to the following methodology:

[0059] (a) The pulse generator circuit 508 generates a PRF
timing signal (e.g., 0.5 microsecond duration every 1 micro-
second) an example of which is illustrated as signal 408-PRF
in FIG. 4). This PRF pulse is used to switch on and off the
circuit 506, which is in the form of either an RF wideband
oscillator (such as one with a 10.525 GHz oscillation charac-
teristic) or an amplifier. The switched circuit is simulta-
neously seeded by the signal from the DRO oscillator 504.
The output signal of switched circuit 406 is the RF pulse
signal illustrated as signal 406-RFPS in FIG. 4. As result, an
RF pulse is transmitted via an antenna (e.g., an RF pulse of
duration 0.5 microseconds every 1 microsecond). Such an RF
pulse train with this characteristic may have a narrow signal
bandwidth (e.g., approximately 25 MHz) and may be suitable
for range gating applications and/or meeting RF regulatory
approval certification.

[0060] (b) If the transmitted RF pulse reflects off of a high
permittivity target, such as a person, it is reflected back and
directed, through the antenna, into the receiver circuit.

[0061] (c) Both the transmitted RF signal and received RF
signal are presented to the input of a homodyning receiver
magnitude detector 512 (e.g., an RF magnitude detector). The
homodyning magnitude detector receiver generates a mea-
sure of the magnitude and phase of the received signal with
respect to the transmitted signal. The phase and/or magnitude
of the received signal changes with respect to the transmitted
signal when the target moves. As result, the magnitude detec-
tor 512 output signal is a measure of the movement of a target.
While such a magnitude detector may be optionally imple-
mented, in some cases, other circuit elements or detectors
may be implemented in place of or to serve the function of the
magnitude detector(s). For example, any detector circuit con-
figured to detect signal amplitude, such as a peak detector, or
envelope detector, may be employed.

[0062] (d) The homodyning receiver magnitude detector
512 may be switched on (at offset time t0 from the nominal
start time of the RF pulse) for a short duration T (e.g., up to 5
nanoseconds) each PRF cycle at the start of the RF pulse, such
as in accordance with an output timing signal of the pulse
generator 508. (This may be considered an offset time t0).
This provides a “t0 Receive Level” that can be used as a
reference. This operation is repeated a number of times (N) to
obtain an average of the “t0 Receive Level.” The duration T
determines the approximate width of the ranging zone using
the formula “zone=c*T/2” where ¢ is the speed of light. The
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offset t0 determines the range of the detected zone as objects
which are closer than c¢*(t0)/2 and further than c*(t0+71)/2,
will not be detected.

[0063] (e) The homodyning magnitude detector receiver
may then be switched on for approximately the same duration
oftime T (e.g., up to 5 nanoseconds each PRF cycle), but at an
offset time t1 from the nominal start time of the RF pulse. This
may be considered a time “t1”. This provides a “t1 Receive
Level”. This operation may be repeated a number of times (N)
to obtain an average of the “t1 Receive Level”.

[0064] (f) The Intermediate Frequency (IF)is one complete
cycle of operation as described above in sections (d) and (e).
Hence, an IF signal generated by the pulse generator may
have a frequency of PRF/(2*N).

[0065] (g) The difference between the “t0 Receive Level”
and the “t1 Receive Level” provides a measure of the move-
ment that has occurred in the time period t1 from the start of
the RF pulse and hence the movement that has occurred
within the range (c*t1)/2, where ¢ is the speed of the light.
[0066] (h) A synchronous demodulator 516 may be imple-
mented to detect the difference between the “t0 Receive
Level” and the “t1 Receive Level”. As result, it synchronously
demodulates the IF modulated receive signal and produces a
baseband signal.

[0067] (i) The output of the synchronous demodulator is
subsequently amplified and filtered by a baseband circuit 518.
The circuit may generate separate outputs for respiration and
movement since movement and respiration signals are at
different frequencies and may be filtered by different filters.
[0068] (j) Optionally, to overcome nulls in movement sen-
sitivity that may occur every A/2 in space, a second “quadra-
ture phase” magnitude detector receiver may be placed at a
/8 distance from the first “in phase” receiver. For example, in
the case of a 10.525 GHz frequency RF signal, the distance
/8 1s 3.55 mm. The physical spacing of this second receive
circuit generates a quadrature receiver output which has
maximum movement sensitivity at the point of the “in phase”
minimum sensitivity.

[0069] With such operations, an example pulsed RF range
gated motion sensor with a narrow signal bandwidth may be
implemented.

[0070] An example embodiment of a frontend section for
implementing this range gated pulsed radar system may be
considered in reference to the circuit component diagram of
FIG. 6. In this embodiment, the switched circuit is imple-
mented as a wideband RF oscillator 606. Typically, a wide-
band oscillator can be prone to frequency stability issues,
such as that caused by humidity and/or temperature varia-
tions, component and batch parasitic variations and housing
proximity effects. However, the present circuit design permits
the oscillator to maintain the RF centre frequency within
desired limits (e.g., within approximately 10 MHz of 10.525
GHz). It provides fast switching and a stable pulsed RF sig-
nal. It permits a fast turn on of the oscillation circuit while
providing a fast stabilisation of frequency and amplitude. The
turn on time At is related to Q and hence bandwidth (BW) of
the oscillator may be as follows:

At=0l(nfy)~1/BW.

[0071] Insome cases, the oscillation circuit may optionally
be hermetically sealed and/or may optionally include a tem-
perature control circuit.

[0072] The oscillator 606 may be injection locked by the
DRO oscillator 604. Injection locking occurs when the wide-
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band oscillator 606 is disturbed by the DRO oscillator 604
operating at a nearby frequency. Since the coupling is strong
enough and the frequencies near enough, the DRO oscillator
can capture the wideband oscillator, causing it to have essen-
tially identical frequency as the DRO oscillator. Thus, in a
typical embodiment, these two oscillators have a suitable
“lock-in range” for injection locking.

[0073] In the circuit variant of FIG. 6, a high stability
Dielectric Resonator Oscillator, DRO, circuit 604 may
include a transistor (not shown), such as a low noise gallium
arsenide (GaAs) Field Effect Transistor (FET) or a Bipolar
Junction Transistor (BJT), configured as an amplifier with
feedback provided via a frequency stable Dielectric Resona-
tor coupled with microstrip lines to the gate (base) and drain
(collector) circuits of this transistor. Such a DRO oscillator,
operating at for example, 10.525 GHz, may be implemented
for the frequency reference for the radar system centre fre-
quency.

[0074] This DRO reference oscillator is configured to
maintain the working centre frequency of the sensor within a
regulatory specification over the operating temperature and
humidity range of the product. This reference oscillator cir-
cuit may be enclosed inside a metal cavity to ensure good
screening and high quality factor. Also, fine tning of the
centre frequency may optionally be provided by a mechanical
tuning screw in a top of a screen above the resonator.

[0075] The output signal from the DRO reference oscillator
604 may be fed into the switched wideband oscillator 606 via
an attenuator and/or matching network 609 having a feed line
to the switched oscillator 606. The attenuator and matching
network properties may be configured to ensure that the sec-
ond oscillator will only oscillate at a frequency determined by
the reference oscillator over the working temperature and
humidity range of the product. The configuration of the
attenuator may set the injection level to the modulated oscil-
lator 606 and hence the capture frequency range. The match-
ing network may be configured to convert the low impedance
output of the reference oscillator 604 to higher impedance
suitable for injection into the modulated oscillator 606. The
matching network may be a shunt-open-circuited-stub: trans-
mission-line: shunt-open-circuited-stub directly coupled net-
work. The feedline from the network 609 may be coupled to
the gate (base) of the transistor 606-T. In some embodiments,
this microstrip feedline to the transistor may be low-pass,
such as when it is formed in a direct feed 608-DFL configu-
ration. However, in some embodiments, the feed line may be
high-pass, such as when it is formed in an indirect feed
configuration 608-IFL.

[0076] The switched oscillator 606 may include a transistor
606-T, such as an FET. This transistor may be configured with
a tuned microstrip feedback network, which, in addition to
any desired gain characteristics, will include any desired
oscillation characteristics suitable for the lock-in range.
Some or all of the feedback may be provided by the internal
parasitics of the transistor 606-T. This tuned microstrip feed-
back network may be configured to ensure fast rise and fall
time of the output signal required for range gating of the pulse
radar system.

[0077] Thebias circuit of the switched oscillator 606 is also
supplied with a digital pulse from the pulse generator 608 so
that oscillations can only occur during the application of the
switch pulse. As illustrated in FIG. 6, this output of the pulse
generator is also input to the gate or base of the transistor
606-T of the switched oscillator 606.
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[0078] The switched oscillator then produces a frequency
radar pulse at the stable reference frequency when a positive
pulse is applied to the base circuit by the pulse timing circuit
or pulse generator. In some versions, the pulse generator may
include a fast logic gate (e.g., a NAND gate or AND gate
circuit) to generate the timing pulse. Optionally, the output of
the logic gate may be applied to a circuit network configured
to maintain a wideband characteristic to ensure fast and effec-
tive switching of the switched oscillator.

[0079] The pulsed RF frequency output from the switched
oscillator 606 is then input to the peak/magnitude detectors
612 and filter(s) 613. Optionally, this pulsed RF frequency
output may be input to these components via a series resistor
or via an attenuator network. The series resistor can be imple-
mented to optimise the drive level to the magnitude detectors,
isolate the switched oscillator from signal reflections and
improve system impedance match.

[0080] The filter 613 may be implemented with a micros-
trip bandpass filter and connected to the antenna feed 610.
The microstrip bandpass filter may be implemented to ensure
high rejection of out of band interfering signals and low
harmonic emissions from the sensor. This filter may provide
high rejection at radio/TV broadcast, Wi-Fi, DECT, ISM and
mobile phone frequencies commonly encountered in domes-
tic and clinical environments. The filter may also provide
sufficiently high rejection at the second harmonic frequency
(e.g., 21.05 GHz in the case of a 10.525 GHz oscillator) to
ensure regulatory product compliance in all world markets.
The filter may be a high performance sub-miniature energy-
trapping low insertion loss coupled H resonator bandpass
filter in some embodiments.

[0081] Themagnitude detectors 612 can be implemented to
provide two phase separated receive I & Q channel IF signals
that are proportional to the magnitude sum of the forward
propagating and reverse propagating radar signals. In this
regard, the inputs to each magnitude detector may be sepa-
rated along a microstrip feed line by a distance of A/8 as
previously discussed. However, in any of the embodiments
described herein, the separation distance may be different.
For example, the T & Q magnitude detector separation dis-
tance may be generalized to +/-(2n-1)A/8. Thus, the separa-
tion distance may optionally be chosen according to any of
the following distances: A/8, 3A/8, SA/8, TA/8, .. ., etc.
[0082] Alternative embodiments of the present technology
in which the switched circuit is provided in an amplification
configuration may be considered in view ofthe illustrations of
FIGS. 7 and 8. This embodiment is similar to that of the
embodiment of FIG. 6. However, in this embodiment, rather
than having a switched wideband oscillator 606, the circuit
employs a switched wideband amplifier 706. In the examples,
the amplifier is implemented in a common source configura-
tion. However, alternative configurations may be imple-
mented in some embodiments (e.g., common drain or com-
mon gate.)

[0083] In this circuit variant, the high stability dielectric
resonator oscillator 704 and the pulse generator 708 may
employ the configuration discussed with regard to the
embodiment of FIG. 6. The output signal from the DRO
reference oscillator 704 is input to attenuator 709. The attenu-
ator ensures frequency stable operation of the reference oscil-
lator under all conditions and is configured to apply an opti-
mum drive level to the switched amplifier 706.

[0084] The outputs of the attenuator 709 and the pulse
generator 708 are coupled to the switched RF power amplifier
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706. In this regard, the switched power amplifier may include
atransistor 706-T, such as an FET. The pulse switching signal
from the pulse generator is applied to the drain (collector) of
the transistor 706-T. The attenuated signal from the DRO
oscillator 704 is applied to the gate (base) of the transistor
706-T. The source (emitter) of the transistor 706-T may be
coupled to a ground, such as a ground plane of a printed
circuit board (PCB) on which the circuit is formed.

[0085] The switched power amplifier thereby produces an
amplified radar pulse at the stable reference frequency (e.g.,
10.525 GHz) when a positive pulse is applied to the drain
(collector) by the timing of the pulse generator circuit, which
may include circuit components, such as series resistor, series
inductor and capacitors, configured to ensure fast switching
and minimal overshoot of the modulation pulse applied to the
modulated amplifier 706.

[0086] The pulsed radio frequency output from the modu-
lated power amplifier 706 is fed via an optional second attenu-
ator 709-2, through the magnitude detectors 712, through
filter 713 (e.g., bandpass filter as previously described in
reference to FIG. 6) to the sensor antenna (such as a horn
probe antenna) or antenna feed 710. The second attenuator
709-2 may be configured to optimise the drive level to the
magnitude detectors and improve system impedance match.
This second attenuator can be omitted in some embodiments.
[0087] FIG. 8 is a circuit diagram showing an example
circuit suitable for implementation as the amplifier embodi-
ment of FIG. 7 in some sensors of the present technology.
Example components thereof have been outlined and num-
bered accordingly. Some potential advantages of the circuit
configuration of FIG. 8 may include the elimination of the
lock-in range requirements. As seen in the figure, the circuit
complexity associated with implementation of a wideband
oscillator is reduced. As a further advantage, the turn on time
of the wideband RF amplifier can be faster than the wideband
RF oscillator.

[0088] In some cases, the timing of the pulse generation
circuit can be dithered with respect to the underlying pulse
repetition frequency by inclusion of a dithering circuit (not
shown) such as one coupled with or included with a pulse
generator 408. FIG. 9 shows a signal representation of “dith-
ering” of the pulse generation (in which the onset time of the
pulse varies with respect to the overall pulse generation tim-
ing). In one embodiment, the overall pulse repetition fre-
quency can be varied, so that the pulse onset time is linearly
delayed or advanced with respect to the nominal overall pulse
center (i.e., the second pulse train 902 is at a slower pulse
repetition frequency than the first pulse train 901). This has
the net effect of changing the position of the pulse onset time,
compared to its nominal onset time if the PRF remained fixed.
This may be achieved with a synchronous ramp dithering
circuit. An example synchronous ramp dithering circuit may
be implemented with a voltage controlled delay element
based on an underlying RC (resistor-capacitor) time constant.
The ramp control voltage results in a varying varactor capaci-
tance which in turn results in a varying resonator frequency.
In this way the frequency of the pulse generation circuit
oscillator and associated PRF is varied on the order of about
1% in a synchronous and linear manner every 1 ms approxi-
mately. Dithering is utilised because it removes synchronous
RF demodulation noise artefacts. Ramp dithering is utilised
because it is easy to realise however it can produce tone
artefacts. Synchronous ramp dithering prevents these
unwanted tones from being generated.
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[0089] 1In this specification, example embodiments are
often illustrated with reference to Field Effect Transistors
(FETs), in which the three active ports are referred to as the
gate, drain and source. However, other circuits may be imple-
mented in its stead. For example, in some cases, alternate
technologies such as the Bipolar Junction Transistor (BJT) in
which emitter, base and collector are the active elements of
the device.

[0090] In addition, whilst the main focus of the described
technology is associated with applications for detecting res-
piration, sleep and heart rate, itis similarly suitable for detect-
ing other movements of the human body.

[0091] Inthis specification, the word “comprising” is to be
understood inits “open” sense, that is, in the sense of “includ-
ing”, and thus not limited to its “closed” sense, that is the
sense of “consisting only of”. A corresponding meaning is to
be attributed to the corresponding words “comprise”, “com-
prised” and “comprises” where they appear.

[0092] While particular embodiments of this technology
have been described, it will be evident to those skilled in the
art that the present technology may be embodied in other
specific forms without departing from the essential charac-
teristics thereof. The present embodiments and examples are
therefore to be considered in all respects as illustrative and not
restrictive. It will further be understood that any reference
herein to subject matter known in the field does not, unless the
contrary indication appears, constitute an admission that such
subject matter is commonly known by those skilled in the art
to which the present technology relates.

[0093] In the examples recited herein, certain variables are
identified for purposes of explaining the technology herein. In
some cases, specific values may be implemented for those
variables. For example, N has been illustrated to refer to
number of times certain operations may be performed. In
some cases, for example, N may be 128. However, a large
range may be suitable (e.g., N may be in a range from 16 to
32768) so as to provide plausible designs for different cases.
Similarly, t0 and t1 have been referred to an offset time. Such
an offset time may, for example, be on the order of nanosec-
onds, such as 5ns. Moreover, At has been used to refer to a
turn on time. Such a turn on time may also be on the order of
nanoseconds, such as for example, 50 ns. In some cases, a
“BW” bandwidth of an oscillator described herein, may be on
the order of megahertz, such as, for example about 20 MHz.

1. A radio frequency motion sensor comprising:
aradio frequency transmitter, the transmitter configured to
emit radio frequency pulses; and
areceiver configured to receive reflected ones of the emit-
ted radio frequency pulses, theradio frequency transmit-
ter comprising:
a pulse generator configured to generate signal pulses ;
a dielectric resonator oscillator configured to generate a
stable radio frequency oscillating signal; and
a switched circuit coupled to the pulse generator and the
dielectric oscillator, the switched circuit configured to
generate a pulsed radio frequency oscillating signal
that is modulated by the signal pulses of the pulse
generator and whose dominant frequency is derived
from the dielectric resonator oscillator.
2. The sensor of claim 1 wherein the dielectric resonator
oscillator comprises a dielectric resonator and a transistor.
3. The sensor of claim 1 wherein the switched circuit com-
prises a switchable radio-frequency amplifier.
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4. The sensor of claim 3 wherein the amplifier comprises a
transistor having a drain, a gate and a source, the amplifier
configured to amplify the radio frequency oscillating signal
synchronously with the pulse signal to generate the pulsed
radio frequency oscillating signal.

5. The sensor of claim 4 wherein the drain is coupled to
receive the signal pulses from the pulse generator.

6. The sensor of claim 4 wherein the gate of the amplifier’s
transistor is coupled to receive the radio frequency oscillating
signal from the dielectric resonator oscillator.

7. The sensor of claim 1 wherein the switched circuit com-
prises a wideband oscillator, the wideband oscillator config-
ured to injection lock with the dielectric resonator oscillator.

8. The sensor of claim 7 wherein the wideband oscillator
comprises a transistor having a drain, a gate and a source, the
wideband oscillator including a feedback network circuit
coupled to the drain.

9. The sensor of claim 1 further comprising an attenuator
and matching network circuit between an output of the dielec-
tric resonator oscillator and an input of the switched circuit.

10. The sensor of claim 9 wherein the matching network
circuit comprises a microstrip feed line coupled with a gate of
a transistor of the switched circuit.

11. The sensor of claim 10 wherein the microstrip feed line
is in a direct feed configuration.

12. The sensor of claim 10 wherein the microstrip feed line
is in an indirect feed configuration.

13. The sensor of claim 1 wherein the pulse generator
comprises a logic gate circuit.

14. The sensor of claim 13 wherein the logic gate com-
prises a NAND gate.

15. The sensor of claim 13 wherein an output of the logic
gate is coupled with a gate of a transistor of the switched
circuit.

16. The sensor of claim 1 in which an onset time of the
signal pulse is varied with respect to overall signal pulse
generation timing,.

17. The sensor of any claim 1 further comprising a proces-
sor, the processor configured for processing the received
reflected ones of the emitted radio frequency pulses to derive
an indicator of any one or more of body movement, respira-
tion, sleep and heart rate.

18. The sensor of claim 17 further comprising a respiratory
treatment apparatus, the respiratory treatment apparatus
including a flow generator with a processor, the processor of
the respiratory treatment apparatus being configured to pro-
cess the indicator.

19. The sensor of claim 1 wherein the radio frequency
transmitter further comprises a dithering circuit, the dithering
circuit coupled with the pulse generator to dither signal pulses
generated by the pulse generator.

20. The sensor of claim 19 wherein the dithering circuit
comprises a synchronous ramp dithering circuit.

21. A circuit for generating signals to produce radio fre-
quency pulses for range gated physiology sensing, the circuit
comprising:

a pulse generator configured to generate signal pulses;

a dielectric resonator oscillator configured to generate a

radio frequency oscillating signal;

a switched amplifier circuit coupled to the pulse generator
and the dielectric resonator oscillator, the switched
amplifier circuit configured to generate a pulsed radio
frequency oscillating signal in accordance with the sig-
nal pulses and radio frequency oscillating signal; and
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an antenna feed coupled with an output of the switched
amplifier circuit to accept the generated pulsed radio
frequency oscillating signal and emit radio frequency
pulses in accordance with the pulsed radio frequency
oscillating signal via an antenna.

22. The circuit of claim 21 wherein the dielectric resonator
oscillator comprises a dielectric resonator and a transistor.

23. The circuit of claim 22 wherein the transistor has a
drain, a gate and a source, and wherein the dielectric resonator
is coupled to the gate and to the drain of the transistor.

24. The circuit of claim 22 wherein the amplifier comprises
a transistor having a drain, a gate and a source, the amplifier
configured to amplify the radio frequency oscillating signal
synchronously with the pulse signal to generate the pulsed
radio frequency oscillating signal.

25. The circuit of claim 24 wherein the drain of the ampli-
fier’s transistor is coupled to receive the signal pulses from
the pulse generator.

26. The circuit of claim 24 wherein the gate of the ampli-
fier’s transistor is coupled to receive the radio frequency
oscillating signal from the dielectric resonator oscillator.

27. The circuit of claim 22 further comprising a filter and a
set of magnitude detectors coupled with the antenna feed,
wherein the magnitude detectors detect signals received with
the antenna feed based on signals generated from the
switched amplifier circuit.

28. The circuit of claim 21 further comprising a dithering
circuit, the dithering circuit coupled with the pulse generator
to dither signal pulses generated by the pulse generator.

29. The circuit of claim 28 wherein the dithering circuit
comprises a synchronous ramp dithering circuit.

30. A circuit for generating signals to produce radio fre-
quency pulses for range gated physiology sensing, the circuit
comptrising:

a pulse generator configured to generate signal pulses;

a dielectric resonator oscillator configured to generate a

radio frequency oscillating signal;

a switched circuit coupled to the pulse generator and the

dielectric oscillator, the switched circuit configured to
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generate a pulsed radio frequency oscillating signal in
accordance with the signal pulses and radio frequency
oscillating signal; and

an antenna feed coupled with an output of the switched

circuit to accept the pulsed radio frequency oscillating
signal and to emit radio frequency pulses in accordance
with the pulsed radio frequency oscillating signal via an
antenna.

31. The circuit of claim 30 wherein the dielectric resonator
oscillator comprises a dielectric resonator and a transistor.

32. The circuit of claim 31 wherein the transistor has a
drain, a gate and a source, and wherein the dielectric resonator
is coupled to the gate and to the drain of the transistor.

33. The circuit of claim 30 wherein the switched circuit
comprises a switched wideband oscillator, the wideband
oscillator configured to injection lock with the dielectric reso-
nator oscillator.

34. The circuit of claim 30 wherein the switched circuit
comprises a transistor having a drain, a gate and a source, the
switched circuit including a feedback network coupled to the
drain.

35. The circuit of claim 34 wherein an attenuator and
matching network couples the radio frequency oscillating
signal output of the dielectric resonator oscillator with the
gate of the transistor of the switched circuit by a microstrip
feed line coupled to the gate of the transistor of the switched
circuit.

36. The circuit of claim 35 wherein the microstrip feed line
is in a direct configuration.

37. The circuit of claim 35 wherein the microstrip feed line
is in an indirect configuration.

38. The circuit of claim 30 wherein the pulse generator is
coupled with a gate of a transistor of the switched circuit.

39. The circuit of claim 30 further comprising a dithering
circuit, the dithering circuit coupled with the pulse generator
to dither signal pulses generated by the pulse generator.

40. The circuit of claim 39 wherein the dithering circuit
comprises a synchronous ramp dithering circuit.
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