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(57) Abstract: A low noise detection system is disclosed in which a modulator located in a transmitter or a receiver is configured to
convert a voltage data signal to a frequency signal, to modulate a baseband signal with the voltage data, and to output the modulated
data signal. The receiver further includes a log detection amplifier configured to receive the modulated data signal and to regenerat-
ively demodulate the modulated data signal to extract the data in an amplified analog data signal while not significantly amplifying
any noise in the modulated data signal. The receiver further includes a digital conversion circuit for converting the amplitied analog
signal into a digital data signal.
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LOW NOISE DETECTION SYSTEM USING LOG DETECTOR AMPLIFIER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit of U.S. Provisional Patent Application
No. 61/732,848, filed December 3, 2012.

TECHNICAL FIELD
[0002] The present disclosure relates to systems and methods for transmitting and
receiving signals and particularly for inserting and/or extracting a wanted signal in a noisy

signal.

BACKGROUND

[0003] Present systems for extracting a wanted signal from a noisy signal include
averaging, selective amplification and/or filtering, synchronized detection (e.g., phase lock loop),
direct sequence spread spectrum (DSSS) and digital coding.

[0004] Averaging reduces noise over n periods, but the wanted signal is not amplified
over n periods. Averaging also requires a repetitive signal over n periods, and some type of
trigger, and can be problematic at very low signal levels. Selective amplification and/or filtering
are frequency dependent and after the setup time do not improve over time in a given bandwidth
nor reduce noise within that bandwidth. Selective amplification and/or filtering also have limited
noise rejection capabilities. Synchronized detection is limited to a narrow band, is phase locked
to the input signal, and is also problematic at very low signal levels. While DSSS spreads the bit
energy over a wide frequency spectrum and the recovery of the data dispreads the energy and
makes it appear much above the noise floor, DSSS requires the transmitter and the receiver to
operate using the same pseudo-noise (PN) sequence. Digital coding, such as Viterbi coding,
forward error correction, etc., may increase the signal-to-noise ratio (SNR), but it does so at the
expense of reducing throughput data. As a result, there is no satisfactory circuit that enables the
detection of a very low signal buried in noise, that enables the regeneration of a repetitive signal,
or that increases the signal over noise of the signal in electrical, electronic, telecommunication or
wireless applications. The present disclosure discloses a low noise detection system that

overcomes these limitations.
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SUMMARY

A low noise detection system is described in which a modulator located in a transmitter
or a receiver is configured to convert a voltage data signal to a frequency signal, to modulate a
baseband signal with the voltage data, and to output the modulated data signal. The receiver
further includes a log detection amplifier configured to receive the modulated data signal and to
regeneratively demodulate the modulated data signal to extract the data in an amplified analog
data signal while not significantly amplifying any noise in the modulated data signal. The
receiver further includes a digital conversion circuit for converting the amplified analog signal

into a digital data signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates an embodiment in which the modulator is installed in the
transmitter.

[0006] FIG. 2 illustrates an embodiment in which the modulator is installed in the
receiver.

[0007] FIG. 3 illustrates an embodiment providing further details of the modulator.

[0008] FIG. 4 illustrates a preferred embodiment of a microvolt application.

[0009] FIG. 5 illustrates an embodiment of an implementation in a water leak detector.

[0010] FIG. 6 illustrates a first embodiment of a block schematic diagram for the water
leak detector of FIG. 5.

[0011] FIG. 7 illustrates a second embodiment of a block schematic diagram for the
water leak detector of FIG. 5.

[0012] FIG. 8 illustrates an embodiment of an implementation in a water flow meter.

[0013] FIG. 9 illustrates an embodiment of an implementation in a gas flow meter.

[0014] FIG. 10 illustrates an embodiment of a block schematic diagram for the gas flow
meter of FIG. 9.

[0015] FIGS. 11A,11B, 11C and 11D are block diagrams illustrating different
implementations of the low noise detection system described herein.

[0016] FIG. 12 a block diagram of a computing system.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0017] As will be further described below, the low noise detection/amplification system
described herein has many benefits, including high sensitivity, a low noise level (i.e., the noise
component of a processed signal has no voltage gain), and high noise rejection, but with low
power consumption. Accordingly, the low noise detection system described herein has many
applications where noise accompanies a data signal or exists in the transmission environment
surrounding a wanted signal. For example, while piezoceramic or piezoelectric sensors can be
used in many applications, they generally cannot be used for truly static measurements. Hence, it
may be desirable to use an ultrasonic sensor in place of a piezoelectric sensor, but highly noisy
environments can make it difficult to impossible to obtain good SNRs with ultrasonic sensors. If
ultrasonic sensors could be used in noisy environments, the ultrasonic sensors may be used in
applications‘such as flow metering and leak detection for water, gas and oil, industrial
applications where there is a lot of ambient noise, RF interference or reflective projections. A
low noise detection system may also enable communication systems to be built using
untraditional, noisy mediums for communicating or detecting data, such as the outside of a
pipeline as a conductor for communications, which may enable the monitoring of electrical
buildup due to liquid flow.

[0018] FIG. 1 illustrates an embodiment of a low noise detection system in a high
receive sensitivity circuit with either an AM or FM modulated signal. The transmitter 100
includes a modulator 102 that receives an input signal in a baseband frequency (0 to F_MAX),
e.g., an audio signal in the 10 Hz to 20 KHz range. For FM modulation, the modulator 102 may
include a VCO or a PLL. For AM modulation, the modulator may alternatively receive a local
oscillator signal at an intermediate frequency. The resulting AM or FM modulated signal is then
transmitted through a medium that is generally lossy and noisy and received by receiver 104,
which includes a log detection amplifier 106. Log detection amplifiers (LDAs), also called
logarithmic detectors, are described in U.S. Pat. No. 7,911,235. Examples of transmission
mediums include air, wires, body tissue, liquid, gas, oil, etc. Air wireless propagation may
include indoor and outdoor. Outdoor wireless communication suffers generally from heavy loss
proportional with the square of the distance in free air (point to point) and more in dense and
partitioned environments (i.e., cities), scattering, intersymbol interferences, radiofrequency
interferences, and variability of the medium due to other factors, e.g. whether conditions. When

in motion, Doppler effect may become a dominant limitation.
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[0019] Indoor wireless communication suffers generally from heavy loss if not short
range, multipath fading, and interferences, and may act as a time variant medium that is modeled
generally as a time invariant medium during the time of communication for the sake of
simplicity. Attenuation increases rapidly from square law with distance to power 3, 4 or more as
the wireless communication crosses one or more walls. Also, there is a significant difference in
wood structure buildings, such as in the United States, versus reinforced concrete buildings, such
as in much of Europe (range reduction). Multipath fading may be overcome with complex
modulations such as orthogonal frequency-division multiplexing (OFDM) by keeping the symbol
rate lower than a narrow band communication and multi-input and multi-output (MIMO), which
make use of multipath fading.

[0020] Wire communication include four families: power line or communication on the
grid wires indoor or outdoor, telephone lines, coaxial lines and fiber optics. The last three are
impedance controlled lines and provide medium to high losses, limited to high
interference/crosstalk and limited to high noise. Power line is more difficult over long range
since it is non-controlled, can be medium noisy and include many parallel junctions that create
nulls in the communication bandwidth. This is also partially true for telephone lines in residential
dwellings.

[0021] Body tissues communication suffers heavy losses, high level of artifacts (e.g.
motion), and medium to high absorption. EEG, ECG, pulse, cardiac rate, glucose level,
ultrasonic, MRI are some of the applications.

[0022] Liquid communication suffers heavy losses, medium to high level of noise,
limited bandwidth, variability with pressure, temperature, dependency to pipes obstructions and
right angles. Applications may include water, oil, gas, air, compressed air, etc.

[0023] All in all many of the applications falling in these categories can benefit from
high receive sensitivity, increase of signal to noise ratio, low noise amplification, high dynamic
range and direct FM, AM demodulation.

[0024] The LDA 106 is regenerative in that it builds up a narrow band signal
exponentially, when that signal is in-band of the LDA, over n period of the input signal. A
significant amount of the random noise in the input signal is accordingly reduced relative to the
desired signal. For example, the LDA 106 may recover a signal buried in noise or with a very
low level, amplifying the signal by say a factor of 10, without increasing the noise, thereby
increasing the SNR, and resulting in at least a 6 dB increase in link budget. The LDA basically

operates as follows: One or more resonant circuits are placed around an amplifier to create
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oscillation. This is the input frequency to the log detector. The amplifier’s gain is configured
low, as to limit the amount of noise amplified. The log detector discriminates an incoming
wanted signal over random noise in that it will pass through the 180 degree phase point of the
resonant circuit(s) more frequently than random noise. Thus, energy in the oscillation loop builds
faster in the presence of a wanted signal. Once energy in this loop reaches a configurable
threshold, oscillation is interrupted or quenched. The frequency of the quenching operation is
proportional to the logarithm of the input signal’s RMS amplitude. These “quench pulses”
contain the demodulated data. In this manner, the log detector provides noise cancelation and the
ability to capture a wanted signal from the noise at very low input levels.

[0025] The output of the LDA 106, such as F_rep, may be output directly or output to a
frequency to voltage converter 108, which reinstitutes the baseband signal, in this case called
A/V_OUT, as an optional analog output signal V(t). Furthermore V(t) may be converted in
digital from V(t) to V(k) with an analog to digital converter (ADC) circuit 109. In an alternative
implementation, the output of the LDA 106 F_rep at intermediate frequency may be converted
directly in the digital domain by shaping the pseudo-digital quench pulses in digital, and feeding
the digital processing circuit 110 with a N-bits counter 112 with fast clock configured in period-
meter, a 1/n digital function 114 to convert the instantaneous period in frequency, and rescaling
116, wherein V’(k) = K1 * F(k) + K2, such that either digital output signal is the same after
calibration, i.e., V’(k) = K1 * F(k) + K2 and is equal to V(k). K1 represents a digital conversion
gain in Volt per Hz and K2 a digital constant. For high amplification gain, a high frequency
modulator or VCO 102 with high gain, e.g., 500 MHz and gain of 250 MHz/Volt = 250 Hz/uV,
may be used. It should also be noted that the resolution of the counter 112 is related to its
number of bits N’ and the full scale (FS) by FS/(2N’) (versus the one of the ADC 109 of FS/(2N)
with N bits) and both N & N’ should be equal for similar resolution. The clock of the digital
period meter may be 2" times the instantaneous period of time F_rep(t) to F_rep(t+1), and F_rep
may be at least two time faster than the fastest input signal Vin(t). For example, if the bandwidth
of Vin(t) is 20 KHz, Vin(t) full scale 1000 uV, F_rep 50 KHz, and resolution 12 bits, the counter
should be clocked at 205 MHz and the resolution would be 0.24 uV.

[0026] FIG. 2 also illustrates an embodiment of a low noise detection system in a high
receive sensitivity circuit with a baseband signal. In this embodiment, the transmitter 200 does
not include a modulator and just transmits or generates the input signal in a baseband frequency
(0 to F_MAX), e.g., an audio signal in the 10 Hz to 20 KHz range. The receiver 202 does,

however, include the modulator 204, which receives the baseband signal from the transmitter
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200. As with modulator 102, for FM modulation, the modulator 204 may include a VCO or a
PLL. For AM modulation, the modulator may alternatively receive a local oscillator signal at an
intermediate frequency. The resulting AM or FM modulated signal is then input to LDA 206,
which discriminates the AM/FM modulation (demodulates) and provides the F_rep output signal.
As in the embodiment of FIG. 1, the F_rep output may be frequency to voltage converted 208,
which reinstitutes the baseband signal and output as A/V_OUT, an optional analog output signal
V(t). The F_rep output may also be converted from V(t) to V(k) from baseband with analog to
digital converter circuit 209 or through digital processing circuit 210 with a N-bits counter 212
and fast clock, a 1/n digital function 214, and rescaling 216 as V’(k), i.e., V’(k) = K1 * F(k) +
K2 = V(k). In this embodiment of Fig. 2, the LDA 206 is used as a preferred means of
demodulation and has the characteristic of being able to demodulate concurrently the FM and
AM components of the signal. For FM demodulation, this may provide up to 6dB better
discrimination versus conventional FM demodulators.

[0027] FIG. 3 provides additional detail on the VCO/PLL modulator 102/204 used for
frequency conversion for FM microvolt applications. The input microvolt signal is converted
directly into an FM modulated signal that results in no voltage/current amplification and little
noise contribution because the microvolt signal modulates a clean frequency “tone” 300, moving
right and left as input signal Vin(t) does, having about 40 dB high spectral purity before it gets
wider and reaches the wider bottom of the tone and down to the noise floor 302. Since this FM
signal with high purity feeds the LDA 106/206 with high level and well into its dynamic range,
the FM modulated signal is processed with little addition of noise.

[0028] Microvolt applications, where it may be desirable to achieve a high overall
signal gain, without voltage amplification and with minimal noise addition, may benefit greatly
from the present disclosure. FIG. 4 is an illustration of a preferred embodiment of the low noise
detection system of the present disclosure utilized in a microvolt application where the LDA
operates as a low noise, high receive sensitivity circuit.

[0029] The embodiment illustrated in FIG. 4 is essentially the same as that illustrated in
FIG. 2, but without any optional AM modulation, without any optional analog output and no
ADC conversion of the LDA output signal. The transmitter 400 transmits a microvolt signal in a
baseband frequency (0 to F_MAX), e.g., an audio signal in the 10 Hz to 20 KHz range. The
receiver 402 includes a VCO/PLL modulator 404, which receives the baseband microvolt signal
and outputs an FM modulated signal to the LDA 406. The LDA 406 discriminates the FM

modulated signal and provides the F_rep output signal. The F_rep output may be converted from
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V(1) to digital V(k) through digital processing circuit 408 with a N-bits counter 410 and fast
clock, a 1/n digital function 412, and rescaling 414 as V’(k), i.e., V'(k) = K1 * F(k) + K2.

[0030] Some key differences between the topologies of FIG. 1 and FIG. 2 are further
defined below. In FIG. 1, a medium of generally high attenuation and high noise level occurs
between the transmitter 100 and receiver 104 for the signal passing through the medium as
disclosed above. Also, the modulator 102 modulates the signal before passing through the
medium. In that configuration, the LDA 106 in the receive section can directly handle the signal
and acts mostly as a regenerative device that increase the SNR, amplify signals with high
sensitivity, reduce the noise within the bandwidth, over a high dynamic range and provide
bandwidth selectivity, thereby reducing out band interferences. An example is an ultrasonic flow
meter where the input signal is modulated in the transmitter 100, passed through the medium
(water) suffering important losses, but gather information changes, and then be amplified and
regenerated with very low noise in the receiver 104 with the LDA 106. In comparison, in the
topology in FIG. 2, the baseband signal generated in the transmitter 200 is passed directly
through the medium and modulated in the receiver 202 with the use of the PLL or VCO or AM
modulator 204. There is no voltage gain, but conversion gain in frequency with significantly
lower noise. In this embodiment, the LDA 206 acts a concurrent FM and AM demodulator that
increases discrimination by up to 6dB versus conventional FM demodulators and adds not
significant additional noise because of the ideal condition of the input level. An example is a
water leak meter where a microvolt baseband audio signal is read from a sensor, directly
modulated without significant noise and without voltage gain and further processed by the LDA
with minimal noise.

[0031] FIG. 5 illustrates one embodiment of an implementation of the low noise
detection system of the present disclosure. The implementation is for a water leak detector for
use in municipal water pipes that uses one or more acoustic sensors or detectors. The acoustic
detectors may operate in transmit (TX) and receive (RX) mode, or just RX mode. In RX mode,
the sensor may include one or more hydrophones (immerged acoustic microphone) or
piezoelectric crystals that generate a voltage when force, such as sound or pressure, is applied to
them. The TX mode may address calibration for the water leak detector or other applications
such as water flow meter. In TX mode, the hydrophone or piezoelectric crystals of the sensor
may change size when a voltage is applied across them causing them to oscillate at very high
frequencies, thereby producing sound waves, e.g., 10 Hz to 10 KHz. The exemplary leak

detection device 500 may be installed on a pipe 502 running through a typical pit 504 dug into
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the ground 505. Typical embodiments of leak detectors rely on sensors mounted on the outside
of the pipe connected to an antenna mounted on a lid of the pit for transmission of data to some
type of relay or other central monitoring device. Such leak detectors tend to have lower
performance and a short transmission range. In the illustrated embodiment, pipe 502 is cut and
the detector unit 500 is installed in the line of the pipe 500 by joints 506 on either side of the unit
500 to the pipe 502. The unit 500 integrates as much hardware as possible into a hardware unit
507, including the battery/batteries 508 for powering the unit 500, one or more sensors, such as a
leak detection sensor 510 and a receive/transmit sensor 512, one or more switches 514 for
controlling the sensors 510/512, a water leak detector 518, and a water communication controller
518. The unit 500 may also include a water flow meter 520, as further described below. The leak
detection sensor 510 may be acoustic, hydrophone, piezoelectric or ultrasonic sensor that is
placed inside the water line 502, which uses longitudinal sonic waves for best range and
sensitivity. Voltage signals generated by the sensors may be processed by the water leak detector
218 and resulting data may be communicated by the water communication controller 518, each
of which may include LDA circuitry for high sensitivity and low noise operation as further
described below with reference to FIG. 6.

[0032] FIG. 6 illustrates a water leak sensor 600 operating at a range of 20 Hz to 2 KHz
and outputting a voltage signal between 3 uV to 30 mV providing an input signal V(t) to PLL
602. Without amplifying the input voltage signal, and using a crystal oscillator 604 to supply an
F_ref signal, PLL 602 converts the voltage signal to a modulated frequency signal FM(t). The
LDA 606, receives a FM signal with high power level from the PLL 602, demodulates the FM
modulated signal much above noise, gets the data signal with minimal additional noise, and
outputs an amplified pulse signal Fr_out(t), which is then pulse shaped 608 to generate an digital
level output signal Fout(t) that is insensitive to noise and may be readily transmitted to other
digital processing circuitry 610 over short connection or rather long connection such as a twisted
pair cable up to 2 meters long. The PLL and LDA are not power hungry and only require about 3
VDC. Digital processing circuitry 610 may convert 612 the frequency signal back to voltage,
perform digital filtering 614, apply a fast Fourier transform (FFT) 616, and other digital
processing 618 to generate output data via a user interface (UI) 620.

[0033] FIG. 7 illustrates a further embodiment of leak detection unit 700. The battery
702 provides power to the hardware unit 704, which is connected to a sensor 706. The hardware
unit 704 includes a micro-controller or central processing unit 710 that operates one or more

applications 712, such as communications applications, water leak processing applications,
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operating in conjunction with memory 716. The micro-controller 710 may also include an analog
frequency to digital frequency converter (FDC) 718.

[0034] In operation, sensor 706 may be an acoustic detector or sensor/transducer (all
referred to as “sensors” herein) that may operate in transmit (TX) and receive (RX) mode, or just
RX mode, e.g., 20 Hz to 5 KHz. In RX mode, the sensor 706 may include one or more
piezoelectric crystals that generate a voltage when force, such as sound or pressure, is applied to
them. In TX mode, the piezoelectric crystals of the sensor 706 may change size when a voltage is
applied across them causing them to oscillate at very high frequencies, thereby producing sound
waves, e.g., 10 Hz to 10 KHz. Voltage signals generated by the sensor 706 are input to a switch
720 that outputs the received signal PLL 724, which performs a voltage to frequency conversion
and gain (KHz/mV) of the received signal to an intermediate frequency (V/F to LO (intermediate
frequency) + AF_Gain), without voltage amplification, and outputs the frequency modulated
signal to the log detection converter/log detector amplifier (LDA) 726, which demodulates that
frequency modulated signal at the intermediate frequency to generate an amplified pulsed output
signal without a voltage gain or added noise. The amplified pulsed output signal is then shaped
by the digital pulse normalization circuit 728 to create a digital-like output signal, which is then
converted to a digital signal by FDC 718 so that the data signal can be processed by the water
leak processing application 714 and any other applications 712 of the micro-controller 710.

[0035] The micro-controller 710 outputs a digital signal that includes data indicative of
any leak detected by the sensor 706, which is then converted to an analog signal by a digital to
analog converter (DAC) 730, which is then amplified by a power amplifier 732. Switch 720 may
then route the amplified data signal to sensor 706 is being utilized to transmit the amplified data
signal through the water medium as a means of communication. If sensor 706 is not a
transmitter, the unit 700 may further include a certified data radio module 740 connected to one
or more antennas 742. The data radio module 740 may include all of the circuitry and software
necessary, such as RF TX, RX, ADCs, intermediate frequency synthesizers, physical layers,
communication layers, memory, etc., and may communicate with any of a number of different
types of fixed networks, such as a cellular wide area network (WAN), a cellular picocell network
of end user subscribers, a cellular microcell network of super-user subscribers, an augmented
WIFI network of super-user subscribers, a proprietary fixed wide local area network (WLAN), or
an infrastructure provider network on private or ISM band (industrial, scientific and medical

radio bands)
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[0036] FIG. 8 illustrates another embodiment of an implementation of the low noise
detection system of the present disclosure. The implementation is for liquid flow rate monitoring
unit 800. As already illustrated and described in relation to FIG. 7, the battery 802 provides
power to the hardware unit 804, which is connected to two sensors 806 and 808. The hardware
unit 804 includes micro-controller 810 that operates one or more applications 812, including time
of flight processing application 814, operating in conjunction with memory 816. The micro-
controller 810 may include FDC 818 and a digital signal generator 819. In FIG. 8, sensors 806
and 808 may both be acoustic sensor, with sensor 806 operating in TX/RX mode and sensor 808
operating in RX/TX mode, the point of which will be further explained below. The target receive
sensitivity of the unit 800 is approximately -125 dBm and a sufficient power level may be
achieved with TX equal to 100 mW.,

[0037] As described with respect to FIG. 7, in FIG. 8, voltage signals generated by the
sensor 808 are input to a switch 820 that outputs the received signal to a second switch 822. The
output from switch 822 is received by PLL 824, which converts the signal and outputs a
frequency modulated signal to the LDA 826. The amplified pulsed output signal from the LDA
826 is then shaped by the digital pulse normalization circuit 828 and then processed by the time
or flight processing application 814 and any other applications 812 of the micro-controller 810.
Digital signals including data indicative of the flow rate of liquid, gas or other materials in the
pipe 801, are output by the micro-controller 810, converted to analog signals by DAC 830, and
routed by switch 834 to either switch 836 or switch 820. The switches 820, 822, 834 and 836
may be replace by any similar switch system, such as a switch matrix, a single double pull,
double throw (DTDP) with two ins and two outs. As noted above, the unit 800 operates as a flow
meter, which also requires voltage signals from sensor 806 to be routed from switch 836 to
switch 822 so voltage signals from sensor 806 can be processed in the same manner as voltage
signals from sensor 808, and for signals to be transmitted by sensor 808 in the same manner as
sensor 806.

[0038] As illustrated in FIG 8§, the flow meter operates using time of flight calculations.
The flow rate of the liquid, gas or other material in the pipe 801 flowing in one direction, say
from sensor 806 to sensor 808 may produce a faster signal from 806 to 808 than from the
opposite direction of sensor 808 to sensor 806 due to the speed of the material in the pipe 801.
Hence, the time taken by the signal from sensor 806 to sensor 808 minus the time from sensor
808 to sensor 806 may be proportional to the speed of the liquid. For example, if the distance
from sensor 806 to sensor 808 is D, then the liquid velocity Vi, may be Vi = K * (D/tg) * (At/ty),

-10-



WO 2014/089123 PCT/US2013/072937

where ty is the propagation time from sensor 806 to sensor 808 when Vi = 0 and At is the change
in time due to liquid flow.

[0039] FIG. 9 illustrates another embodiment of an implementation of the low noise
detection system of the present disclosure where the implementation is for gas flow rate
monitoring unit 900. Unit 900 is installed in a gas valve or pipe 902 having a gas inlet 903 and
consists of a main PCB 904 that includes all of the flow rate monitoring circuitry, an RF
communication module 906 and an antenna 908, all mounted within unit 900, installed within the
pipe 902. The bottom of the unit 900 has a curved surface 910 on which is mounted ultrasonic
receiver 912, connected to the main PCB 904 by cable 914. An ultrasonic transmitter 916
mounted within the inlet 903 and connected to the main PCB 904 by cable 918 transmits a 2
MHz pulsed ultrasonic signal as the gas flows into pipe 902 through the inlet 903 and strikes the
curved surface 910, where the gas oscillates between 0.1 to 35 Hz as it moves around the curved
surface and into the rest of the pipe. The ultrasonic receiver 912 detects the pulsed transmitted
signal and relays that signal to the main PCB 904 for processing in accordance with the
embodiments described above. The benefits of such an implementation are that it has high
sensitivity, while consuming little power, it has a high noise rejection and flexible high
accuracy/resolution. In this implementation there is no need for analog to digital n bits
conversion and the topology is simple and affordable. FIG. 10 provides a block circuit diagram
illustrating the implementation illustrated in FIG. 9.

[0040] As noted above, industrial environments can be very noisy or otherwise make it
difficult to utilize wireless communications because of ambient noise, RF interference, metallic
partitions, moving equipment, etc., or just because the resulting wireless signals are relatively
weak. By amplifying wanted wireless signals in such environments without amplifying the noise,
a low noise detection system as described herein can be very useful. Other wireless applications
in which the low noise detection system described herein can be desirably used include wireless
communications applications that benefit from high receive sensitivity, direct analog or digital
amplitude and frequency modulation AM/FM discrimination, high dynamic range, and high
interference rejection. The low noise detection system described herein may be desirably utilized
below 1 GHz, such as 169 MHz, 433 MHz, 868 MHz, 920 MHz, or above 1 GHz, such as 2.4
GHz, 5-6 GHz, etc., and in short range applications, such as BLUETOOTH and other personal
area networks (PANs), WirelessHD and WiGig operating over the unlicensed 60 GHz spectrum,

or wireless local area networks (WLAN) using analog or digital AM and FM modulations.
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[0041] FIG. 11A illustrates an implementation of a wireless communication system that
includes the low noise detection system of the present disclosure. In FIG. 11A, the wireless
transmitter 1100 modulates a signal (through PLL/VCO 1102) to be transmitted at some
specified frequency, only some of which are listed in FIG. 11A, to receiver 1104, which includes
LDA 1106 that demodulates the signal and other circuitry 1108 that finishes processing the now
amplified and noise reduced signal.

[0042] Due to the high receive sensitivity of the low noise detection system described
herein, the regeneration of data signals without significant noise, intrinsic AM demodulation, and
other factors, various medical applications may benefit using the technology, including
ultrasonic monitoring, such as for blood pressure and pulse rate, magnetic resonance imaging,
sonography, such ultrasonic fetus examination. FIG. 11B illustrates one such example where the
wireless transmitter 1120 modulates a signal (through PLL/VCO 1122) to be transmitted at some
specified frequency at a patient 1121. That signal may pass through or be reflected by the
patient’s tissue to receiver 1124, which includes LDA 1126 that demodulates the signal and other
circuitry 1128 that finishes processing the now amplified and noise reduced signal.

[0043] FIGS. 11C and 11D illustrate two further implementations of the low noise
detection system of the present disclosure. In FIG. 11C, a wearable device such as a GPS
receiver, smart phone or other device, where high receive sensitivity and low noise amplification
are needed, may receive or generate a signal that has been modulated by a PLL/VCO at the
source (not shown) at some specified frequency at receiver 1130, which includes LDA 1134 that
demodulates the signal and other circuitry 1136 that finishes processing the now amplified and
noise reduced signal. In a smart phone, the low noise detection system may be used to improve
phone voice quality at reception, and also in transmission, by applying the same low noise
detection technology on the transmitter side. The present technology may also be implemented
on signals generated within the device, such as by accelerometers within the smart phone. For
example, by measuring an accelerometer in a smart phone with higher sensitivity, the path of a
person can be determined without the use of other positioning infrastructure, such as GPS,
ranging or other sensors.

[0044] Similar gains can be achieved with radio frequency identification (RFID)
devices as illustrated in FIG. 11D. A typical limitation of RFID devices is that they have a short
range of communication, which can make it difficult to use them for security and object tracking,
such as when RFID devices are affixed to clothing or goods in stores. An RFID device that

incorporates the low noise detection technology described herein, could have extended range

-12-



WO 2014/089123 PCT/US2013/072937

because of the higher sensitivity, while having a relatively simple topology and lower power
consumption, making it still possible to power the RFID device from the received signal. For
example, the RFID transceiver 1140 could transmit a signal modulated by the PLL/VCO 1141
that is detected by the coil 1142 of the RFID transponder 1144. The coil 1142 would power the
transponder 1144 and its circuitry from the received signal, which would be input to the LDA
1146, which would then demodulate the signal and other circuitry 1148, which may include the
memory and the data to be transmitted back to the RFID transceiver 1140, would finish
processing the now amplified and noise reduced signal.

[0045] The techniques described above may be implemented on a computing device, a
plurality of computing devices, a server in communication with the computing device(s), or a
plurality of servers in communication with the computing device(s). Additionally, the techniques
may be distributed between the computing device(s) and the server(s). For example, the
computing device may collect and transmit raw data to the server that, in turn, processes the raw
data. FIG. 12 illustrates an exemplary block diagram of a computing system that includes
hardware modules, software module, and a combination thereof and that can be implemented as
the computing device and/or as the server.

[0046] In a basic configuration, the computing system may include at least a processor,
a system memory, a storage device, input/output peripherals, communication peripherals, and an
interface bus. The interface bus is configured to communicate, transmit, and transfer data,
controls, and commands between the various components of the electronic device. The system
memory and the storage device comprise computer readable storage media, such as RAM, ROM,
EEPROM, hard-drives, CD-ROMs, optical storage devices, magnetic storage devices, flash
memory, and other tangible storage media. Any of such computer readable storage medium can
be configured to store instructions or program codes embodying aspects of the disclosure.
Additionally, the system memory comprises an operation system and applications. The processor
is configured to execute the stored instructions and can comprise, for example, a logical
processing unit, a microprocessor, a digital signal processor, and the like.

[0047] The system memory and the storage device may also comprise computer
readable signal media. A computer readable signal medium may include a propagated data
signal with computer readable program code embodied therein. Such a propagated signal may
take any of variety of forms including, but not limited to, electro-magnetic, optical, or any

combination thereof. A computer readable signal medium may be any computer readable
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medium that is not a computer readable storage medium and that can communicate, propagate, or
transport a program for use in connection with the computing system.

[0048] Further, the input and output peripherals include user interfaces such as a
keyboard, screen, microphone, speaker, other input/output devices, and computing components
such as digital-to-analog and analog-to-digital converters, graphical processing units, serial ports,
parallel ports, and universal serial bus. The input/output peripherals may be connected to the
processor through any of the ports coupled to the interface bus.

[0049] The user interfaces can be configured to allow a user of the computing system to
interact with the computing system. For example, the computing system may include instructions
that, when executed, cause the computing system to generate a user interface that the user can
use to provide input to the computing system and to receive an output from the computing
system.

[0050] This user interface may be in the form of a graphical user interface that is
rendered at the screen and that is coupled with audio transmitted on the speaker and microphone
and input received at the keyboard. In an embodiment, the user interface can be locally generated
at the computing system. In another embodiment, the user interface may be hosted on a remote
computing system and rendered at the computing system or on a remote tablet, smart phone,
remote terminal, web terminal, etc. For example, the server may generate the user interface and
may transmit information related thereto to the computing device that, in turn, renders the user
interface to the user. The computing device may, for example, execute a browser or an
application that exposes an application program interface (API) at the server to access the user
interface hosted on the server.

[0051] Finally, the communication peripherals of the computing system are configured
to facilitate communication between the computing system and other computing systems (e.g.,
between the computing device and the server) over a communications network. The
communication peripherals include, for example, a network interface controller, modem, various
modulators/demodulators and encoders/decoders, wireless and wired interface cards, antenna,
and the like.

[0052] The communication network includes a network of any type that is suitable for
providing communications between the computing device and the server and may comprise a
combination of discrete networks which may use different technologies. For example, the
communications network includes a cellular network, a WiFi/broadband network, a local area

network (LAN), a wide area network (WAN), a telephony network, a fiber-optic network, or
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combinations thereof. In an example embodiment, the communication network includes the
Internet and any networks adapted to communicate with the Internet. The communications
network may be also configured as a means for transmitting data between the computing device
and the server.

[0053] The techniques described above may be embodied in, and fully or partially
automated by, code modules executed by one or more computers or computer processors. The
code modules may be stored on any type of non-transitory computer-readable medium,
specifically excluding signals, or computer storage device, such as hard drives, solid state
memory, optical disc, and/or the like. The processes and algorithms may be implemented
partially or wholly in application-specific circuitry. The results of the disclosed processes and
process steps may be stored, persistently or otherwise, in any type of non-transitory computer
storage such as, e.g., volatile or non-volatile storage.

[0054] The various features and processes described above may be used independently
of one another, or may be combined in various ways. All possible combinations and sub-
combinations are intended to fall within the scope of this disclosure. In addition, certain method
or process blocks may be omitted in some implementations. The methods and processes
described herein are also not limited to any particular sequence, and the blocks or states relating
thereto can be performed in other sequences that are appropriate. For example, described blocks
or states may be performed in an order other than that specifically disclosed, or multiple blocks
or states may be combined in a single block or state. The example blocks or states may be
performed in serial, in parallel, or in some other manner. Blocks or states may be added to or
removed from the disclosed example embodiments. The example systems and components
described herein may be configured differently than described. For example, elements may be
added to, removed from, or rearranged compared to the disclosed example embodiments.

"ot

[0055] Conditional language used herein, such as, among others, "can," "could,"

"might," "may," “e.g.,” and the like, unless specifically stated otherwise, or otherwise understood
within the context as used, is generally intended to convey that certain embodiments include,
while other embodiments do not include, certain features, elements, and/or steps. Thus, such
conditional language is not generally intended to imply that features, elements and/or steps are in
any way required for one or more embodiments or that one or more embodiments necessarily
include logic for deciding, with or without author input or prompting, whether these features,
elements and/or steps are included or are to be performed in any particular embodiment. The

AT

terms “comprising,” “including,” “having,” and the like are synonymous and are used
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inclusively, in an open-ended fashion, and do not exclude additional elements, features, acts,
operations, and so forth. Also, the term “or” is used in its inclusive sense (and not in its exclusive
sense) so that when used, for example, to connect a list of elements, the term “or”” means one,
some, or all of the elements in the list.

In an embodiment, a low noise detection system comprises a transmitter including a
modulator configured to convert a voltage signal indicative of data to a frequency signal, to
modulate a baseband signal with the data, and to transmit the modulated data signal; a receiver
including a log detection amplifier configured to receive the modulated data signal and to
regeneratively demodulate the modulated data signal to extract the data in an amplified analog
data signal while not significantly amplifying any noise in the modulated data signal; and a
digital conversion circuit for converting the amplified analog signal into a digital data signal.

In the embodiment, the transmitter includes an oscillator configured to provide the
modulator within an intermediate frequency signal for AM modulation and the modulator is
configured to AM modulate the baseband signal with the data. In the embodiment, the modulator
includes a phase lock loop (PLL) for FM modulating the baseband signal with the data. In the
embodiment, the modulator includes a voltage controller oscillator (VCO) for FM modulating
the baseband signal with the data. In the embodiment, the log detection amplifier includes a
frequency to voltage converter configured to convert the amplified analog signal into an output
voltage signal including the data. In that embodiment, the digital conversion circuit includes an
N-bits analog to digital converter configured to convert the amplified analog signal into an
output digital signal including the data.

In the embodiment, the digital conversion circuit includes an N-bit counter with a fast
clock, a 1/N digital inverse function and a scaling circuit configured to convert the amplified
analog signal into an output digital signal including the data. In the embodiment, the modulator
is configured to modulate the baseband signal with a frequency tone of approximately 40 dB of
high spectral purity. In the embodiment, the transmitter is a wireless transmitter operating at
above or below 1 GHz and the receiver is a wireless receiver. In the embodiment, the transmitter
is a medical transmission device configured to transmit the modulated data signal at a patient and
the receiver is a medical receiver device configured to receive the modulated data signal passing
through or being reflected by the patient, and wherein the data represents information about the
patient’s medical condition. In the embodiment, the transmitter is a wireless transmitter and the
receiver 1s a wireless receiver within a user wearable device. In that embodiment, the data

includes a voice signal. In that embodiment, the receiver further includes a second transmitter
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including a second modulator configured to convert a second voltage signal indicative of second
data to a second frequency signal, to modulate a second baseband signal with the second data,
and to transmit the second modulated data signal, and wherein the second data includes voice
signals received by a microphone of the receiver.

In the embodiment, the transmitter is a RFID transceiver and the receiver is installed
within a RFID transponder including a coil for powering the RFID transponder based on the
modulated data signal and a transmitter for transmitting a code stored in a memory of the RFID
transponder back to the RFID transceiver.

In the embodiment, the transmitter and the receiver are installed in a leak detector device
including an ultrasonic detector configured to monitor sound or pressure in a fluid within pipe
indicative of a leak of the material from the pipe.

In the embodiment, the transmitter and the receiver are installed in a flow rate monitoring
device including two or more acoustic detectors configured to monitor material within a pipe
indicative of a flow rate of the material.

In the embodiment, the baseband signal is a microvolt signal.

In an embodiment, a low noise detection system comprises a transmitter configured to
transmit a baseband signal including a voltage data signal, and a receiver including a modulator
configured to convert the voltage data signal to a frequency signal, to modulate the baseband
signal with the voltage data, while not significantly amplifying noise and to output a modulated
data signal, the receiver further including a log detection amplifier configured to receive the
modulated data signal and to demodulate the modulated data signal to extract the data in an
amplified analog data signal, and the receiver further including a digital conversion circuit for
converting the amplified analog signal into a digital data signal.

In the embodiment, the log detection amplifier is configured to demodulate the
modulated data signal concurrently in both AM and FM modes. In the embodiment, the receiver
includes an oscillator configured to provide the modulator within an intermediate frequency
signal for AM modulation and the modulator is configured to AM modulate the baseband signal
based on the intermediate frequency signal with the data signal. In the embodiment, the
modulator includes a phase lock loop (PLL) for FM modulating the baseband signal with the
data signal. In the embodiment, the modulator includes a voltage controller oscillator (VCO) for
FM modulating the baseband signal with the data signal. In the embodiment, the log detection
amplifier includes a frequency to voltage converter configured to convert the amplified analog

signal into an output voltage signal including data from the data signal. In that embodiment, the
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digital conversion circuit includes an N-bits analog to digital converter configured to convert the
amplified analog signal into an output digital signal including data from the data signal.

In the embodiment, the digital conversion circuit includes a N-bit counter with fast clock,
a 1/N digital inverse function and a scaling circuit configured to convert the amplified analog
signal into an output digital signal including data from the data signal. In the embodiment, the
modulator is configured to modulate the baseband signal with a frequency tone of approximately
40 dB of high spectral purity. In the embodiment, the transmitter is a wireless transmitter
operating at above or below 1 GHz and the receiver is a wireless receiver. In the embodiment,
the transmitter is a medical transmission device configured to transmit the baseband signal at a
patient and the receiver is a medical receiver device configured to receive the baseband signal
passing through or being reflected by the patient so as to include the data representing
information about the patient’s medical condition. In the embodiment, the transmitter is a
medical baseband signal issued at a patient and the receiver is a medical receiver device
configured to receive the baseband signal issued from the patient so as to include the data
representing information about the patient’s medical condition. In the embodiment, the
transmitter is a wireless transmitter and the receiver is a wireless receiver within a user wearable
device. In that embodiment, the data includes a voice signal. In that embodiment, the receiver
further includes a second transmitter including a second modulator configured to convert a
second voltage signal indicative of second data to a second frequency signal, to modulate a
second baseband signal with the second data, and to transmit the second modulated data signal,
and wherein the second data includes voice signals received by a microphone of the receiver.

In the embodiment, the transmitter 1s a RFID transceiver and the receiver is installed
within a RFID transponder including a coil for powering the RFID transponder based on the
baseband signal and a transmitter for transmitting a code stored in a memory of the RFID
transponder back to the RFID transceiver. In the embodiment, the transmitter and the receiver are
installed in a leak detector device including an acoustic detector configured to monitor sound or
pressure in a fluid within pipe indicative of a leak of the material from the pipe. In the
embodiment, the transmitter and the receiver are installed in a flow rate monitoring device
including two or more acoustic detectors configured to monitor material within a pipe indicative
of a flow rate of the material. In the embodiment, the baseband signal is a microvolt signal.

[0056] While certain example embodiments have been described, these embodiments
have been presented by way of example only, and are not intended to limit the scope of the

inventions disclosed herein. Thus, nothing in the foregoing description is intended to imply that
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any particular feature, characteristic, step, module, or block is necessary or indispensable.
Indeed, the novel methods and systems described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and changes in the form of the methods and
systems described herein may be made without departing from the spirit of the inventions
disclosed herein. The accompanying claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and spirit of certain of the inventions

disclosed herein.
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What is Claimed:

1. A low noise detection system, comprising:

a transmitter including a modulator configured to convert a voltage signal indicative of
data to a frequency signal, to'modulate a baseband signal with the data, and to transmit the
modulated data signal;

a receiver including a log detection amplifier configured to receive the modulated data
signal and to regeneratively demodulate the modulated data signal to extract the data in an
amplified analog data signal while not significantly amplifying any noise in the modulated data
signal; and

a digital conversion circuit for converting the amplified analog signal into a digital data

signal.

2. The low noise detection system of claim 1, wherein the transmitter includes an oscillator
configured to provide the modulator within an intermediate frequency signal for AM modulation

and the modulator is configured to AM modulate the baseband signal with the data.

3. The low noise detection system of claim 1, wherein the modulator includes a phase lock

loop (PLL) for FM modulating the baseband signal with the data.

4, The low noise detection system of claim 1, wherein the modulator includes a voltage

controller oscillator (VCO) for FM modulating the baseband signal with the data.

5. The low noise detection system of claim 1, wherein the log detection amplifier includes a
frequency to voltage converter configured to convert the amplified analog signal into an output

voltage signal including the data.
6. The low noise detection system of claim 5, wherein the digital conversion circuit includes

an N-bits analog to digital converter configured to convert the amplified analog signal into an

output digital signal including the data.
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7. The low noise detection system of claim 1, wherein the digital conversion circuit includes
a N-bit counter with a fast clock, a 1/N digital inverse function and a scaling circuit configured to

convert the amplified analog signal into an output digital signal including the data.

8. The low noise detection system of claim 1, wherein the modulator is configured to
modulate the baseband signal with a frequency tone of approximately 40 dB of high spectral

purity.

9. The low noise detection system of claim 1, wherein the transmitter is a wireless

transmitter operating at above or below 1 GHz and the receiver is a wireless receiver.

10. The low noise detection system of claim 1, wherein the transmitter is a medical
transmission device configured to transmit the modulated data signal at a patient and the receiver
is a medical receiver device configured to receive the modulated data signal passing through or
being reflected by the patient, and wherein the data represents information about the patient’s

medical condition.

11. The low noise detection system of claim 1, wherein the transmitter is a wireless

transmitter and the receiver is a wireless receiver within a user wearable device.

12. The low noise detection system of claim 11, wherein the data includes a voice signal.

13.  The low noise detection system of claim 11, wherein the receiver further includes a
second transmitter including a second modulator configured to convert a second voltage signal
indicative of second data to a second frequency signal, to modulate a second baseband signal
with the second data, and to transmit the second modulated data signal, and wherein the second

data includes voice signals received by a microphone of the receiver.

14.  The low noise detection system of claim 1, wherein the transmitter is a RFID transceiver
and the receiver is installed within a RFID transponder including a coil for powering the RFID
transponder based on the modulated data signal and a transmitter for transmitting a code stored

in a memory of the RFID transponder back to the RFID transceiver.
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15.  The low noise detection system of claim 1, wherein the transmitter and the receiver are
installed in a leak detector device including an ultrasonic detector configured to monitor sound or

pressure in a fluid within pipe indicative of a leak of the material from the pipe.

16. The low noise detection system of claim 1, wherein the transmitter and the receiver are
installed in a flow rate monitoring device including two or more acoustic detectors configured to

monitor material within a pipe indicative of a flow rate of the material.

17.  The low noise detection system of claim 1, wherein the baseband signal is a microvolt
signal.
18. A low noise detection system, comprising:

a transmitter configured to transmit a baseband signal including a voltage data signal; and

areceiver including a modulator configured to convert the voltage data signal to a
frequency signal, to modulate the baseband signal with the voltage data, while not significantly
amplifying noise and to output a modulated data signal, the receiver further including a log
detection amplifier configured to receive the modulated data signal and to demodulate the
modulated data signal to extract the data in an amplified analog data signal, and the receiver
further including a digital conversion circuit for converting the amplified analog signal into a

digital data signal.

19. The low noise detection system of claim 18, wherein the log detection amplifier is

configured to demodulate the modulated data signal concurrently in both AM and FM modes.

20. The low noise detection system of claim 18, wherein the receiver includes an oscillator
configured to provide the modulator within an intermediate frequency signal for AM modulation
and the modulator is configured to AM modulate the baseband signal based on the intermediate

frequency signal with the data signal.

21. The low noise detection system of claim 18, wherein the modulator includes a phase lock

loop (PLL) for FM modulating the baseband signal with the data signal.
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22. The low noise detection system of claim 18, wherein the modulator includes a voltage

controller oscillator (VCO) for FM modulating the baseband signal with the data signal.

23, The low noise detection system of claim 18, wherein the log detection amplifier includes
a frequency to voltage converter configured to convert the amplified analog signal into an output

voltage signal including data from the data signal.

24. The low noise detection system of claim 23, wherein the digital conversion circuit
includes an N-bits analog to digital converter configured to convert the amplified analog signal

into an output digital signal including data from the data signal.

25. The low noise detection system of claim 18, wherein the digital conversion circuit
includes a N-bit counter with fast clock, a 1/N digital inverse function and a scaling circuit
configured to convert the amplified analog signal into an output digital signal including data

from the data signal.

26. The low noise detection system of claim 18, wherein the modulator is configured to
modulate the baseband signal with a frequency tone of approximately 40 dB of high spectral

purity.

217. The low noise detection system of claim 18, wherein the transmitter is a wireless

transmitter operating at above or below 1 GHz and the receiver is a wireless receiver.

28. The low noise detection system of claim 18, wherein the transmitter is a medical
transmission device configured to transmit the baseband signal at a patient and the receiver is a
medical receiver device configured to receive the baseband signal passing through or being
reflected by the patient so as to include the data representing information about the patient’s

medical condition.

29. The low noise detection system of claim 18, wherein the transmitter is a medical baseband
signal issued at a patient and the receiver is a medical receiver device configured to receive the
baseband signal issued from the patient so as to include the data representing information about

the patient’s medical condition.
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30. The low noise detection system of claim 18, wherein the transmitter is a wireless

transmitter and the receiver is a wireless receiver within a user wearable device.

31. The low noise detection system of claim 30, wherein the data includes a voice signal.

32. The low noise detection system of claim 30, wherein the receiver further includes a
second transmitter including a second modulator configured to convert a second voltage signal
indicative of second data to a second frequency signal, to modulate a second baseband signal
with the second data, and to transmit the second modulated data signal, and wherein the second

data includes voice signals received by a microphone of the receiver.

33, The low noise detection system of claim 18, wherein the transmitter is a RFID transceiver
and the receiver is installed within a RFID transponder including a coil for powering the RFID
transponder based on the baseband signal and a transmitter for transmitting a code stored in a

memory of the RFID transponder back to the RFID transceiver.

34, The low noise detection system of claim 18, wherein the transmitter and the receiver are
installed in a leak detector device including an acoustic detector configured to monitor sound or

pressure in a fluid within pipe indicative of a leak of the material from the pipe.
35. The low noise detection system of claim 18, wherein the transmitter and the receiver are
installed in a flow rate monitoring device including two or more acoustic detectors configured to

monitor material within a pipe indicative of a flow rate of the material.

36. The low noise detection system of claim 18, wherein the baseband signal is a microvolt

signal.
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Box No. II Observations where certéin claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

‘because they relate to subject matter not required to be searched by this Authority, namely:

.

2. I:I Claims Nos.:

because\they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.: :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group |: Claims 1-17 are directed toward a low noise detection system, comprising a transmitter including a modulator.
Group II: Claims 18-36 are directed toward a low noise detection system, comprising a receiver including a modulator.

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

-***-See Supplemental Box-***-

N
1. M As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. :

2. [:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. '

3. D As only some of the required additional search fees were timely paid by the applicant, this international search repbrt covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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-***.Continued from Box lll-***-

The special technical features of Group | include a transmiitter including a modulator configured to convert a voltage signal indicative of
data to a frequency signal and to transmit the modulated data signal, which is not present in Group Il

The special technical features of Group Il include a receiver including a modulator configured to convert the voltage data signal to a
frequency signal, to modulate the baseband signa! with the voltage data, which is not present in Group |.

The common technical features shared by Groups | and Il are a low noise detection system, comprising: a transmitter configured to
transmit a baseband signal including a data signal; a receiver including a log detection amplifier configured to receive a modulated data
signal and to demodulate the modulated data signal to extract the data in an amplified analog data signal, and the receiver further
including a digital conversion circuit for converting the amplified analog signal into a digital data signal; wherein the receiver operates
while not significantly amplifying any noise in the data signal; and wherein the system comprises a modulator configured to convert a
voltage data signal to a frequency signal, and to modulate a baseband signal with the voltage data.

However, these common features are rendered obvious by the combination of US 2005/0270172 A1 to Bailey et al. (hereinafter 'Bailey')
in view of US 6,670,849 B1 to Damgaard et al. (hereinafter 'Damgaard'). Bailey discloses a low noise detection system, comprising: a
transmitter configured to transmit a baseband signal including a data signal (transmittal means, operating up to around 100 kHz
(baseband), transmits a data signal, paragraphs [0015] and [0055]); a receiver including an amplifier configured to receive a modulated
data signal and to demodulate the modulated data signal to extract the data in an amplified analog data signal, and the receiver further
including a digital conversion circuit for converting the amplified analog signal into a digital data signal (receiver, which contains an
ampilifier, demodulates the frequency modulated signal, and receovers the original amplitude modulated signal, at which point the signal

-is sampled and digitized, paragraphs [0062]-[0064] and [0073]); wherein the receiver operates while not significantly amplifying any
noise in the data signal {gain section of surface receiver is designed to reject noise, paragraph [0060)); and wherein the system
comprises a modulator configured to convert a voltage data signal to a frequency signal, and to modulate a baseband signal with the
voltage data. log detection (VCOs (modulators) convert the voltage-based seismic data in frequency modulated data for transmission in
the signal band, in a range up to 100 kHz (baseband), paragraphs [0072)-[0074]). However, Bailey fails to disclose wherein the amplifier
is a log detection amplifier. Damgaard discloses wherein the amplifier is a log detection amplifier (variable gain element 212 (amplifier)
supplies the energy to a log detector 220, column 7, lines 7-10). It would have been obvious to one of ordinary skill in the art at the time
of the invention to modify the system disclosed in Bailey to include wherein the amplifier is a log detection amplifier; as taught in
Damgaard, for the benefit of providing a DC voltage representation of the received signal power, aiding in demodulation.

Since the common technical features are previously dlsclosed by the combination of the Bailey and Damgaard references, these
common features are not special and so Groups | and [l lack unity.

Form PCT/ISA/210 (extra sheet) (July 2009)
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