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Description
FIELD OF DISCLOSURE

[0001] The present subject matter relates to adaptive
noise cancellation, and more particularly, to adaptive
noise cancellation in an electrophysiology data acquisi-
tion system.

BACKGROUND

[0002] An electrophysiology data acquisition system is
used in biological experiments to monitor and record
electrical signals from a subject (e.g., a cell) under test.
In such experiments, a researcher may use an experi-
mental rig in which the subject is disposed. The research-
er may also secure an electrode or test probe to the sub-
ject, for example, using a patch clamp technique, and
then analyze the electrical signals detected by the elec-
trode. The electrical signals from the subject may be low-
level signals generated by a high-impedance signal
source. As a result, such signals may be especially sus-
ceptible to electromagnetic interference (EMI) from radi-
ated and conducted emissions of equipment connected
to a mains power source. Such EMI may distort the signal
of interest and appear as a "noise" or "hum" waveform
added to such signal. Further, such noise may be periodic
in accordance with the frequency of the electrical current
generated by the mains power source. Such frequency
is typically 50hz or 60hz and low harmonics thereof.
[0003] The researcher may use power line condition-
ers, Faraday cages, avoidance of "ground loops", and
the like to isolate the experimental rig from environmental
noise sources. Nevertheless, even when great care is
taken, EMI may still be introduced in the electrical signal
transmitted from the electrode to a data acquisition sys-
tem. Further, if such electrical signal is affected by EMI
at a time in the life cycle of the subject of interest to the
researcher, the efforts of the researcher to prepare and
isolate the subject may be for naught. Such EMI may
result in lost time troubleshooting the experimental ap-
paratus or, worse, in missing the time-window in which
live cells must be measured and an irrecoverable loss of
the cells.

[0004] Typically, an analog electrical signal supplied
by the electrode is converted into a stream of digital sam-
ples using an analog-to-digital converter. Adaptive noise
cancellation techniques may be used to estimate noise
components in the stream of digital samples, subtract
the estimated noise components from the stream of dig-
ital samples, and provide the resulting stream of samples
to the researcher.

[0005] In some experiments, a passive recording
mode may be used in which the system passively records
data. In some cases, the system waits for a trigger (for
example, from the user) to initiate recording and there-
after passively records data. Other experiments use an
episodic stimulation mode in which stimulation is provid-
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ed to the subject. Such stimulation may include exposing
the subject to a chemical or a drug from one or more
micro-pipettes, delivering an electrical voltage, exposing
the subjecttoavisible orinvisible light source, generating
a sound, and the like. The response of the subject re-
flected in the signal therefrom is simultaneously dis-
played and/or recorded. Such response is typically dis-
played in fixed length sweeps. Each sweep is nonover-
lapping, and an internal timer, a manual pulse or an ex-
ternal pulse may trigger the start of such sweep.

[0006] The electrode monitoring the subject may
record the stimulation provided to the subject and/or the
control signals used to trigger such stimulation. An adap-
tive noise cancellation unit may erroneously interpret
such stimulation signal as noise in the signal from the
electrode and attempt to eliminate such erroneous noise
from subsequent signals, and thereby corrupt noise-cor-
rected samples generated thereby. The effects of the er-
roneous noise on the noise-corrected samples may per-
sist for a significant amount of time.

[0007] US 2003/0144601 A1 relates to a system and
method for fetal brain monitoring. An audible signal is
initiating a brain reaction in form of brain currents which
are detected. The electrical signal from the electrodes is
supplied to an A/D converter and the converted signal is
then processed in a microprocessor board. For reducing
the noise, signal averaging is considered as being non-
sufficient and instead it is suggested to pass the signal
through a comb-filter thereby pre-selecting the utilizable
signal frequencies.

[0008] US 2007/0202823 A1 suggests a neural net-
work based adaptive pulsed noise blanker. An RF signal
is fed to a noise blanker switch which is coupled to a
noise generator. The pulsed noise replica generated by
the noise replica generator is provided by a neural net-
work which models an optimized noise replica by com-
paring the pulsed noise replica with the current noise.
[0009] A data acquisition system in accordance with
the preamble of claim 1 is disclosed in US2014/0222382.

SUMMARY

[0010] The invention is defined in claims 1 and 8 re-
spectively. Particular embodiments are set out in the de-
pendent claims.

[0011] Accordingto one aspect, a data acquisition sys-
tem is adapted to be coupled to a mains power source,
and includes a test probe, an analog to digital converter,
a noise replica generator, a noise removal block, and a
gating module. The test probe is configured to be coupled
to a subject, and the analog to digital converter converts
asignal from the test probe to samples. The noise replica
generator generates estimates of noise in the samples,
and the noise removal block that removes from each
sample an estimate of noise therein. The gating module
determines when the subject is undergoing stimulation.
When the subject is undergoing stimulation, the gating
module provides the samples to only the noise removal
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block. When the subject is not undergoing stimulation,
the gating module provides the samples to both the noise
replica generator and the noise removal block.

[0012] According to another aspect, a method of op-
erating adata acquisition system coupled to a mains pow-
er source includes the steps of receiving an analog signal
fromatest probe coupled to a subject. The method further
includes the steps of converting the analog signal into
samples, operating a noise replica generator that gener-
ates estimates of noise in the samples, operating a noise
removal block that removes from each sample an esti-
mate of noise therein, and determining when the subject
is undergoing stimulation. The samples are provided to
only the noise removal block when the subject is under-
going stimulation, and to both the noise replica generator
and the noise removal block when the subject is not un-
dergoing stimulation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1is ablock diagram of a data acquisition system
in accordance with the present disclosure;

FIG. 2 is a block diagram of another embodiment of
the data acquisition system of FIG. 1;

FIG. 3 is a block diagram of a data acquisition unit
of the data acquisition system of FIG. 1;

FIG. 4 is diagram of a state machine to illustrate the
operation of a gating module of the data acquisition
unit of FIG. 3;

FIG. 5is aflowchart of processing undertaken during
a process zero crossing state of the state machine
of FIG. 4; and

FIG. 6 is aflowchart of processing undertaken during
a process ADC sample state of the state machine of
FIG. 4.

DETAILED DESCRIPTION

[0014] Referringto FIG. 1,in one embodiment an elec-
trophysiology data acquisition system 100 includes a test
probe 102, a data acquisition unit (DAU) 104, and a con-
troller 106. In some embodiments, the system 100 is cou-
pled to a user interface 108 provided, for example, by a
computer operated by a user. The DAU 104 and other
components of the system 100 may be coupled to a
mains power source 110.

[0015] Referring to FIG. 2, in some embodiments the
system 100 may further include a signal conditioning unit
112 and/or a test control unit 114. The signal conditioning
unit 112 may include for example a passive or active
amplifier to amplify the analog signal from the test probe
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and supply the amplified signal to the DAU 104. In some
embodiments, the user may control gain of the amplifier
by, for example, operating a knob or a dial, one or more
switches, or a slide control disposed on a housing (not
shown) in which one or more components of the system
100 are disposed. Alternately, the controller 106 may, for
example, control such amplifier electronically, in re-
sponse to commands received from the user interface
108. In some embodiments, the test probe 102 and the
signal conditioning unit 112 may be integrated into a sin-
gle unit that is electrically coupled to other components
of the system 100.

[0016] The test probe 102 is electrically coupled to a
subject being monitored, and transduces a voltage from
the subject and generates an analog signal. The DAU
104 receives the analog signal from the test probe 102,
samples the analog signal to generate digital samples of
the analog signal, and processes the digital samples to
remove noise components therefrom and generates
noise corrected output samples. The controller 106 may
display such noise corrected output samples on the user
interface 108, store such noise corrected output samples
on a storage medium (not shown) associated with the
system 100, or transmit such noise corrected output sam-
ples to another device or system (not shown). The user
interface 108 may be directly coupled to the system 100
or may be coupled to the system 100 using a private or
public network. Similarly, the storage medium may be
directly coupled to the system 100 or may be coupled
using a private or public network.

[0017] The useroperatesthe userinterface 108 to sup-
ply to the controller 106 directives to configure the DAU
104 and/or the test probe 102, to initiate sampling of the
signals developed by the test probe, and to either store
and or display the noise corrected samples. The control-
ler interprets such directives and coordinates the opera-
tion ofthe DAU 104 and/or the test probe 102 accordingly.
[0018] If the system 100 is to be used to stimulate the
subject and record the response of the subject to such
stimulation, as described above, the user may specify
when during the stimulation is to be provided, the type
of stimulation, the duration of the stimulation, how often
the stimulation is to be provided, and the like. The user
may supply such experimental protocol information using
the user interface 108, or load into the system 100 a file
that includes such information. Such a file may be, for
example, a text file, an Excel file, an XML file, and the
like, that describes the application of a stimulation as a
function of time. In one embodiment, the file may be in
accordance with the Axon Binary Format specified by
Molecular Devices LLC of Sunnyvale, California. The
controller 106 receives and stores the experimental pro-
tocol information an experiment protocol database 116.
[0019] Insome embodiments, the system 100 may co-
ordinate the operation of test control unit 114 to stimulate
the subject being monitored as specified in the experi-
ment protocol database 116. In some embodiments, the
user interface 108 may directly control the test control



5 EP 3 218 469 B1 6

unit 114. In other embodiments, the system 100 may re-
ceive directives from the user interface 108 regarding the
stimulation to be provided, and the system 100 actuates
the test control unit 114 accordingly. In some embodi-
ments, if the user interface 108 directly controls the test
control unit 114 to provide stimulation to the subject, the
user interface 108 notifies the controller 106 regarding
characteristics of such stimulation, and the controller 106
records such characteristics in the experimental protocol
database 116.

[0020] Referring to FIG. 3, an embodiment of the DAU
104 includes a gating module 200, a stimulus generator
202, a noise replica generator 204, and a noise removal
module 206. The gating module 200 receives from an
analog-to-digital converter (ADC) 208 a stream of sam-
ples of an analog signal from the test probe 102. The
gating module 200 may supply the stream of samples to
the noise replica generator 204 and the noise removal
module 206. The noise replica generator 204 develops
an estimate of the noise component in each sample of
the stream of samples, and supplies such estimate to the
noise removal module 206. The noise removal module
206 subtracts the noise estimate 204 generated by the
noise replicagenerator 204 from a corresponding sample
from the corresponding sample from the gating module
200. The result is generated as a noise corrected output
of the DAU 104.

[0021] The DAU 104 also includes a zero-crossing de-
tector 210 that monitors the voltage supplied by the mains
power source 110 and generates a zero-crossing signal
in accordance with the frequency of such voltage. It
should be apparent to those who have skill in the art that
a debounce filter or circuit may condition the signal from
the mains power source 110 and the ZCD 210 monitors
the voltage in such conditioned signal. In some embod-
iments, if the DAU 104 is operated in the United States,
the ZCD 210 generates a zero-crossing signal 120 times-
per-second in accordance with the 60Hz power line fre-
quency used in the United States. Similarly, if the DAU
104 is operated in Europe, the ZCD 204 may generate
a zero-crossing signal 100 times-per-second in accord-
ance with 50Hz power line used there. In other embodi-
ments, the ZCD 204 may generate the zero-crossing sig-
nalonly in response to a positive to negative voltage tran-
sition in the mains power source 110, and therefore, gen-
erates the zero-crossing signal either 60 times-per-sec-
ond in the United States and 50 times-per-second in Eu-
rope. Alternately, the ZCD 204 may generate the zero-
crossing signal only in response to a negative to positive
voltage transition in the mains power source 110. Other
ways of developing the zero-crossing signal apparent to
those who have skill in the art may be used. As should
be apparent to those who have skill in the art, the zero-
crossing signal generated by the ZCD 210 delimits each
periodic cycle of the mains power source.

[0022] In one embodiment, the ZCD 204 includes an
analog to digital converter (not shown) that samples pow-
er line supplied by the mains power source 110, and an-
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alyzes that waveform represented by such samples to
find the zero crossing. In another embodiment, the ZCD
204 may determine the zero crossing using a transformer
and a comparator, or an optocoupler and comparator, as
would be apparenttothose who have skillinthe art. Other
ways of developing the zero-crossing signal apparent to
those who have skill in the art may be used.

[0023] Although zero-crossing signal generated by the
ZCD 204 described represents a time when the voltage
of the power line is zero, one of skill in the art should
understand the zero-crossing signal may be generated
when the power line is at any predefined voltage that
indicates a start of a cycle of periodic waveform associ-
ated with the power line. The zero-crossing signal indi-
cates any consistent position of such waveform. For ex-
ample, a zero-crossing signal may be generated at
0.2476 volts in the positive going direction or 88.32 V in
the negative going direction or any other value that is
reached or crossed during each cycle of the mains. The
zero-crossing signal generated by the ZCD 204 may be
any signal that can be use to synchronize the phase of
the components of the noise replica generator 200 to that
of the mains power source 110. As such, the zero-cross-
ing signal generated by the ZCD 204 is a mains cycle
start signal.

[0024] The gating module 200 and the noise replica
generator 204 synchronize the operations thereof with
the zero-crossing signal developed the ZCD 210, so that
the sample received by the noise removal module 206
is temporally aligned with a corresponding noise estimate
generated by the noise replica generator 204. In this man-
ner, the system 100 may be used without modification in
different countries having mains sources that supply
power at different frequencies.

[0025] Ifthe DAU 104 is operated to monitor response
of the subject exposed to stimulation, the stimulation gen-
erator 202 queries the experiment protocol database 116
for information regarding such stimulation. When the
stimulation is to be supplied to the subject, the stimulus
generator 202 supplies a gating signal to the gating mod-
ule 200 that indicates the subject will undergo stimulation.
In response, the gating module 200 stops supplying the
samples generated by the ADC 208 to the noise replica
generator 204, so that samples that may include stimu-
lation signals are not included in the noise estimates de-
veloped by the noise replica generator 204.

[0026] In some embodiments, the stimulus generator
202 also monitors the zero-crossing detection signal, and
develops the gating signal during the periodic cycle that
just precedes the periodic cycle of the mains power
source 110 during which the stimulation will be supplied
to the subject. Thus, in such embodiments, the gating
signal generated by the stimulus generator 202 alerts the
gating module 200 that the stimulus will be applied in the
next periodic cycle of the mains power source 110 as
indicated by the zero-crossing signal. In response, the
gating module 200 does not supply any samples gener-
ated by the ADC 208 to the noise replica generator 204
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during such periodic cycle.

[0027] In some embodiments, the stimulus generator
202 generates separate gating signals that indicated in-
itiation of stimulation of the subject and cessation of such
stimulation. In some cases, the cessation signal may be
generated during the periodic cycle of the mains source
110 in which the stimulation will be stopped.

[0028] In some embodiments, if stimulation that is pro-
vided to the subject spans multiple periodic cycles of the
mains power source 110, the stimulus generator 202
generates a gating signal prior to each such periodic cy-
cle.

[0029] In some embodiments, the stimulus generator
202 determines from the experimental protocol database
116 the type of stimulation that is to be supplied to the
subject, and generates an analog signal to control the
test control unit 114 or other apparatus coupled to the
DAU 104 to deliver such stimulation. In other embodi-
ments, the stimulus generator 202 generates a digital
signal that is converted into an analog signal by a digital-
to-analog converter (DAC) 212, and such analog signal
is provided to the test control unit 114 or other apparatus.
In still other embodiments, the stimulus generator 202
generates a digital command stream or signal that is sup-
plied to the test control unit 114 or other apparatus.
[0030] Referring to FIG. 4, in one embodiment the gat-
ing module 200 may operate as a state machine 300.
When started, the gating module 200 enters a wait state
302 in which the gating module 200 waits for either the
gating or the zero-crossing signal to be generated by the
stimulus generator 202 or the ZCD 210, respectively, or
for a sample to be generated by the ADC 208.

[0031] While in the wait state 302, if the gating module
200 receives the gating signal from the stimulus gener-
ator 202, the gating module 200 transitions to a state
304, in which the gating module 200 sets the value of a
gating signal asserted flag to true, and returns to the wait
state 302.

[0032] If, while in the wait state 302, the gating module
200 receives a zero-crossing signal from the ZCD 210,
the gating module 200 transition to a process zero cross-
ing state 306 to processes the zero crossing signal.
Thereafter, the gating module 200 returns to the wait
state 302.

[0033] If, while in the wait state 302, the gating module
200 receives a sample from the ADC 208, the gating
module 200 transitions into a process ADC sample state
308. Thereafter, the gating module 200 returns to the
wait state 302.

[0034] Referring to FIG. 5, when in the process zero
crossing state 306, the gating module 200 determines,
at block 304, if the gating signal asserted flag is true. If
so, the gating module 200, at block 306, sets a noise
learning flag to false off, and sets the gating signal as-
serted flag to false, at block 308. The gating module 200
then returns to the wait state 302 (FIG. 4).

[0035] However, if the gating module 200, at block 304,
determines the gating signal asserted flag is off, the gat-
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ing module 200 sets the noise learning flag to true, at
block 310. The gating module 200 then returns to the
wait state 302 (FIG. 4).

[0036] Referring to FIG. 6, when in the process ADC
sample state 308, the gating module 200 at block 304
determines if the noise learning flag is true. If so, the
gating module 200 proceeds to block 306. Otherwise,
the gating module 200 proceeds to block 308. At block
306 the gating module 200 supplies the received sample
to the noise replica generator 204 and proceeds to block
308.

[0037] At block 308 the gating module 200 supplies
the received sample to the noise removal module 206.
After block 308, the gating module 200 returns to the wait
state 302 (FIG. 4).

[0038] In one embodiment the noise replica generator
204 generates a noise estimate each time the ADC 208
generates a sample. Such noise estimate is generated
even if the noise replica generator 204 does not receive
a sample from the gating module 200. During periods
when the noise replica generator 204 does not receive
new samples generated by the ADC 208, the noise rep-
lica generator 204 generates noise estimates based on
previously received samples. The noise replica genera-
tor 204 may be any noise replica generator that uses a
controllable learning period.

[0039] As described above, operation of the stimulus
generator 202, gating module 200, and the noise replica
generator 204 are synchronized using the zero-crossing
signal generated by the ZCD 210. Such synchronization
allows that gating module 200 to determine particular pe-
riods oftime (i.e., one or more periodic cycles of the mains
power source 110) during which the noise replica gen-
erator 204 should not update internal estimates of noise
in the analog input.

[0040] It should be apparent to those who have skill in
the art that any combination of hardware and/or software
may be used to implement the noise removal processing
system described herein. It will be understood and ap-
preciated that one or more of the processes, sub-proc-
esses, and process steps described in connection with
FIGS. 1-6 may be performed by hardware, software, or
a combination of hardware and software on one or more
electronic or digitally-controlled devices. The software
may reside in a software memory (not shown) in a suit-
able electronic processing component or system such
as, for example, one or more of the functional systems,
controllers, devices, components, modules, or sub-mod-
ules schematically depicted in FIGS. 1-6. The software
memory may include an ordered listing of executable in-
structions forimplementing logical functions (thatis, "log-
ic" that may be implemented in digital form such as digital
circuitry or source code, or in analog form such as analog
source such as an analog electrical, sound, or video sig-
nal). The instructions may be executed within a process-
ing module or controller (e.g., the gating module 200, the
Noise Replica Generator 204, the Noise Removal Block
206, the ADC unit 208, the Zero Crossing Detector 210,
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and the DAC 212 of FIG. 3), which includes, for example,
one or more microprocessors, general purpose proces-
sors, combinations of processors, digital signal proces-
sors (DSPs), field programmable gate arrays (FPGAs),
or application-specific integrated circuits (ASICs). Fur-
ther, the schematic diagrams describe a logical division
of functions having physical (hardware and/or software)
implementations that are not limited by architecture or
the physical layout of the functions. The example sys-
tems described in this application may be implemented
in a variety of configurations and operate as hard-
ware/software components in a single hardware/soft-
ware unit, or in separate hardware/software units.
[0041] The executable instructions may be implement-
ed as a computer program product having instructions
stored therein which, when executed by a processing
module of an electronic system, direct the electronic sys-
tem to carry out the instructions. The computer program
product may be selectively embodied in any non-transi-
tory computer-readable storage medium for use by or in
connection with an instruction execution system, appa-
ratus, or device, such as a electronic computer-based
system, processor-containing system, or other system
that may selectively fetch the instructions from the in-
struction execution system, apparatus, or device and ex-
ecute the instructions. In the context of this document,
computer-readable storage medium s any non-transitory
means that may store the program for use by or in con-
nection with the instruction execution system, apparatus,
ordevice. The non-transitory computer-readable storage
medium may selectively be, for example, an electronic,
magnetic, optical, electromagnetic, infrared, or semicon-
ductor system, apparatus, or device. A non-exhaustive
list of more specific examples of non-transitory computer
readable media include: an electrical connection having
one or more wires (electronic); a portable computer dis-
kette (magnetic); arandom access, i.e., volatile, memory
(electronic); a read-only memory (electronic); an erasa-
ble programmable read only memory such as, for exam-
ple, Flash memory (electronic); a compact disc memory
such as, for example, CD-ROM, CD-R, CD-RW (optical);
and digital versatile disc memory, i.e., DVD (optical).
[0042] It will also be understood that receiving and
transmitting of signals as used in this document means
that two or more systems, devices, components, mod-
ules, or sub-modules are capable of communicating with
each other via signals that travel over some type of signal
path. The signals may be communication, power, data,
or energy signals, which may communicate information,
power, or energy from a first system, device, component,
module, or sub-module to a second system, device, com-
ponent, module, or sub-module along a signal path be-
tween the first and second system, device, component,
module, or sub-module. The signal paths may include
physical, electrical, magnetic, electromagnetic, electro-
chemical, optical, wired, or wireless connections. The
signal paths may also include additional systems, devic-
es, components, modules, or sub-modules between the
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first and second system, device, component, module, or
sub-module.

INDUSTRIAL APPLICABILITY

[0043] The use of the terms "a" and "an" and "the" and
similar references in the context of describing the inven-
tion (especially in the context of the following claims) are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted
by context. Recitation of ranges of values herein are
merely intended to serve as a shorthand method of re-
ferring individually to each separate value falling within
the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as
if it were individually recited herein. All methods de-
scribed herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples,
or exemplary language (e.g., "such as") provided herein,
is intended merely to better illuminate the disclosure and
does not pose a limitation on the scope of the disclosure
unless otherwise claimed. No language in the specifica-
tion should be construed as indicating any non-claimed
element as essential to the practice of the disclosure.
[0044] Numerous modifications to the present disclo-
sure will be apparent to those skilled in the art in view of
the foregoing description. It should be understood that
the illustrated embodiments are exemplary only, and
should not be taken as limiting the scope of the disclo-
sure.

Claims

1. A data acquisition system (100) adapted to be cou-
pled to a mains power source (110), comprising:

a test probe (102), configured to be coupled to
a subject, wherein in particular the subject is a
biological sample;

an analog to digital converter (208) adapted to
convertasignalfrom the test probe (102) to sam-
ples;

a noise replica generator (204) adapted to gen-
erate estimates of noise in the samples;

a noise removal block (206) adapted to remove
from each sample an estimate of noise therein;
and

a gating module (200)

characterized in that the gating module (200)
is adapted to determine when the subject is un-
dergoing stimulation, wherein the gating module
is adapted to provide the samples

to only the noise removal block (206) when
the subject is undergoing stimulation, and
toboth the noise replicagenerator (204) and
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the noise removal block (206) when the sub-
ject is not undergoing stimulation.

The data acquisition system of claim 1, further in-
cluding a period detector (210) adapted to detect the
start of a cyclical period of a power line provided by
a mains power source (110).

The data acquisition system of claim 2, further in-
cluding a stimulus generator (202), wherein the stim-
ulus generator is adapted to determine that the stim-
ulation is to be applied in an upcoming cyclical peri-
od.

The data acquisition system of claim 3, wherein the
gating module (200) does not provide any samples
to the noise replica generator (204) during the cycli-
cal period during which stimulation is to be applied.

The data acquisition system of claim 3 or 4, wherein
the stimulus generator (202) is adapted to provide
anindication to the gating module (200) that the sub-
jectwillundergo stimulation prior to each of a plurality
of cyclical periods during which stimulation is applied
to the subject.

The data acquisition system of claim 3 or 4, wherein
the stimulus generator (202) is adapted to provide
an indication that stimulation is to begin during a first
period and another indication that the stimulation is
to cease during a second period.

The data acquisition system of claim 3, 4 5 or 6,
wherein the stimulus generator (202) is adapted to
cause the stimulation to be provided to the subject.

A method of operating a data acquisition system
(100) coupled to a mains power source (110), com-
prising:

receiving an analog signal from a test probe
(102) coupled to a subject;

converting the analog signal into samples;
operating a noise replica generator (204) that
generates estimates of noise in the samples;
operating a noise removal block (206) that re-
moves from each sample an estimate of noise
therein; and characterized by

determining when the subject is undergoing
stimulation and providing the samples

to only the noise removal block (206) when
the subject is undergoing stimulation, and
toboth the noise replica generator (204) and
the noise removal block (206) when the sub-
ject is not undergoing stimulation.

9. The method of claim 8, further including detecting
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10.

1.

12.

13.

14.

15.

the start of a cyclical period of a power line provided
by the mains power source (110).

The method of claim 9, further including determining
that the stimulation is to be applied in an upcoming
cyclical period.

The method of claim 10, wherein no samples are
provided to the noise replica generator (204) during
the cyclical period during which stimulation is to be
applied.

The method of claim 10 or 11, further including gen-
erating a signal that the subject will undergo stimu-
lation prior to each of a plurality of cyclical periods
during which stimulation is applied to the subject.

The method of claim 11 or 12, further including gen-
erating a signal that stimulation is to begin during a
first period and another signal that the stimulation is
to cease during a second period.

The method of claim 11, 12 or 13, further including
causing stimulation to be provided to the subject.

The method of any of claims 8 to 14, further including
coupling the test probe (102) to a subject that is a
biological sample.

Patentanspriiche

1.

Ein Datenerfassungssystem (100), das so ausgelegt
ist, dass es mit einer Netzleistungsquelle (110) ge-
koppelt ist, das aufweist:

eine Testsonde (102), die so konfiguriert ist,
dass sie mit einem Subjekt gekoppelt wird, wo-
bei insbesondere das Subjekt eine biologische
Probe ist;

einen Analog-Digital-Wandler (208), der dazu
ausgelegt ist, ein Signal von der Testsonde
(102) in Abtastwerte umzuwandeln;

einen Rauschnachbildungsgenerator (204), der
dazu ausgelegt ist, Abschatzungen des Rau-
schens in den Abtastwerten zu erzeugen;
einen Rauschentfernungsblock (206), der dazu
ausgelegt ist, von jedem Abtastwert eine Ab-
schatzung des Rauschens darin zu entfernen;
und

ein Ansteuerungsmodul (200),

dadurch gekennzeichnet, dass das Ansteue-
rungsmodul (200) dazu ausgelegt ist zu bestim-
men, wann das Subjekt einer Stimulation unter-
zogen wird, wobei das Ansteuerungsmodul da-
zu ausgelegt ist, die Abtastwerte

nur zum Rauschentfernungsblock (206) zu lie-
fern, wenn das Subjekt einer Stimulation unter-
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zogen wird, und

sowohl zum Rauschnachbildungsgenerator
(204) als auch zum Rauschentfernungsblock
(206) zu liefern, wenn das Subjekt keiner Stimu-
lation unterzogen wird.

Das Datenerfassungssystem nach Anspruch 1, das
ferner einen Periodendetektor (210) umfasst, der da-
zu ausgelegt ist, den Start einer zyklischen Periode
einer Stromleitung zu detektieren, die durch eine
Netzleistungsquelle (110) bereitgestellt wird.

Das Datenerfassungssystem nach Anspruch 2, das
ferner einen Reizgenerator (202) umfasst, wobei der
Reizgenerator dazu ausgelegt ist zu bestimmen,
dass die Stimulation in einer bevorstehenden zykli-
schen Periode angewendet werden soll.

Das Datenerfassungssystem nach Anspruch 3, wo-
beidas Ansteuerungsmodul (200) keine Abtastwerte
zum Rauschnachbildungsgenerator (204) wahrend
der zyklischen Periode, wéhrend der die Stimulation
angewendet werden soll, liefert.

Das Datenerfassungssystem nach Anspruch 3 oder
4, wobei der Reizgenerator (202) dazu ausgelegt ist,
vor jedervon einer Vielzahl von zyklischen Perioden,
wahrend denen eine Stimulation auf das Subjekt an-
gewendet wird, eine Angabe zum Ansteuerungsmo-
dul (200) zu liefern, dass das Subjekt einer Stimula-
tion unterzogen wird.

Das Datenerfassungssystem nach Anspruch 3 oder
4,wobei der Reizgenerator (202) dazu ausgelegt ist,
eine Angabe, dass die Stimulation wahrend einer
ersten Periode beginnen soll, und eine andere An-
gabe, dass die Stimulation wahrend einer zweiten
Periode enden soll, zu liefern.

Das Datenerfassungssystem nach Anspruch 3, 4, 5
oder 6, wobei der Reizgenerator (202) dazu ausge-
legt ist zu bewirken, dass die Stimulation zum Sub-
jekt geliefert wird.

Ein Verfahren zum Betreiben eines Datenerfas-
sungssystems (100), das mit einer Netzleistungs-
quelle (110) gekoppelt ist, das aufweist:

Empfangen eines analogen Signals von einer
Testsonde (102), die mit einem Subjekt gekop-
pelt ist;

Umwandeln des analogen Signals in Abtastwer-
te;

Betreiben eines Rauschnachbildungsgenera-
tors (204), der Abschatzungen des Rauschens
in den Abtastwerten erzeugt;

Betreiben eines Rauschentfernungsblocks
(206), der von jedem Abtastwert eine Abschat-
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10.

1.

12.

13.

14.

15.

zung des Rauschens darin entfernt; und
gekennzeichnet durch

Bestimmen, wann das Subjekt einer Stimulation
unterzogen wird, und Liefern der Abtastwerte
nur zum Rauschentfernungsblock (206), wenn
das Subjekt einer Stimulation unterzogen wird,
und

sowohl zum Rauschnachbildungsgenerator
(204) als auch zum Rauschentfernungsblock
(206), wenn das Subjekt keiner Stimulation un-
terzogen wird.

Das Verfahren nach Anspruch 8, das ferner das De-
tektieren des Starts einer zyklischen Periode einer
Stromleitung umfasst, die durch die Netzleistungs-
quelle (110) bereitgestellt wird.

Das Verfahren nach Anspruch 9, das ferner das Be-
stimmen, dass die Stimulation in einer bevorstehen-
den zyklischen Periode angewendet werden soll,
umfasst.

Das Verfahren nach Anspruch 10, wobei keine Ab-
tastwerte zum Rauschnachbildungsgenerator (204)
wahrend der zyklischen Periode geliefert werden,
wahrend der die Stimulation angewendet werden
soll.

Das Verfahren nach Anspruch 10 oder 11, das ferner
das Erzeugen eines Signals, dass das Subjekt einer
Stimulation unterzogen wird, vor jeder von einer Viel-
zahl von zyklischen Perioden, wahrend denen eine
Stimulation auf das Subjekt angewendet wird, um-
fasst.

Das Verfahren nach Anspruch 11 oder 12, das ferner
das Erzeugen eines Signals, dass die Stimulation
wahrend einer ersten Periode beginnen soll, und ei-
nes anderen Signals, dass die Stimulation wahrend
einer zweiten Periode enden soll, umfasst.

Das Verfahren nach Anspruch 11, 12 oder 13, das
ferner das Bewirken, dass die Stimulation zum Sub-
jekt geliefert wird, umfasst.

Das Verfahren nach einem der Anspriiche 8 bis 14,
das ferner das Koppeln der Testsonde (102) mit ei-
nem Subjekt, das eine biologische Probe ist, um-
fasst.

Revendications

1.

Systéme (100) d’acquisition de données adapté a
étre couplé a une source de secteur électrique (110),
comprenant :

une sonde de test (102), configurée pour étre
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couplée a un sujet, dans lequel en particulier le
sujet est un échantillon biologique ;

un convertisseur analogique a numérique (208)
adapté a convertir un signal provenant de la son-
de de test (102) en échantillons ;

un générateur (204) de réplique de bruit adapté
a générer des estimations de bruit dans les
échantillons ;

un bloc (206) d’élimination de bruit adapté a éli-
miner de chaque échantillon une estimation de
bruit dans celui-ci ; et

un module (200) de portillonnage,

caractérisé en ce que le module (200) de por-
tillonnage estadapté a déterminer quand le sujet
subit une stimulation, dans lequel le module de
portillonnage est adapté a fournir les échan-
tillons

uniqguement au bloc (206) d’élimination de
bruitlorsque le sujet subit une stimulation, et
a la fois au générateur (204) de réplique de
bruit et au bloc (206) d’élimination de bruit
lorsque le sujet ne subit pas de stimulation.

Systeme d’acquisition de données selon la revendi-
cation 1, incluant en outre un détecteur (210) de pé-
riode adapté a détecter le début d’une période cycli-
que d’une ligne d’alimentation électrique fournie par
une source de secteur électrique (110).

Systeme d’acquisition de données selon la revendi-
cation 2, incluant en outre un générateur (202) de
stimulus, dans lequel le générateur de stimulus est
adapté a déterminer que la stimulation doit étre ap-
pliquée dans une période cyclique a venir.

Systeme d’acquisition de données selon la revendi-
cation 3, dans lequel le module (200) de portillonna-
ge ne fournit pas d’échantillons au générateur (204)
de réplique de bruit lors de la période cyclique lors
de laquelle une stimulation doit étre appliquée.

Systeme d’acquisition de données selon la revendi-
cation 3 ou 4, dans lequel le générateur (202) de
stimulus est adapté a fournir une indication au mo-
dule (200) de portillonnage que le sujet subira une
stimulation avant chacune d’une pluralité de pério-
des cycliques lors de laquelle une stimulation est
appliquée au sujet.

Systeme d’acquisition de données selon la revendi-
cation 3 ou 4, dans lequel le générateur (202) de
stimulus est adapté a fournir une indication qu’une
stimulation doit commencer lors d’une premiére pé-
riode et une autre indication que la stimulation doit
cesser lors d’'une deuxiéme période.

Systeme d’acquisition de données selon la revendi-
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10.

1.

12.

13.

14.

cation 3, 4, 5 ou 6, dans lequel le générateur (202)
de stimulus est adapté a faire en sorte que la stimu-
lation soit fournie au sujet.

Procédé de fonctionnement d’'un systéme (100)
d’acquisition de données couplé a une source de
secteur électrique (110), comprenant :

la réception d’un signal analogique d’une sonde
de test (102) couplée a un sujet ;

la conversion du signal analogique en
échantillons ;

I'utilisation d’'un générateur (204) de réplique de
bruit qui génére des estimations de bruit dans
les échantillons ;

I'utilisation d’un bloc (206) d’élimination de bruit
qui élimine de chaque échantillon une estima-
tion de bruit dans celui-ci ; et

caractérisé par la détermination de quand le
sujet subit une stimulation et la fourniture des
échantillons

uniquement au bloc (206) d’élimination de
bruitlorsque le sujet subitune stimulation, et
a la fois au générateur (204) de réplique de
bruit et au bloc (206) d’élimination de bruit
lorsque le sujet ne subit pas de stimulation.

Procédé selon la revendication 8, incluant en outre
la détection du début d’une période cyclique d’'une
ligne d’alimentation électrique fournie par la source
de secteur électrique (110).

Procédé selon la revendication 9, incluant en outre
la détermination que la stimulation doit étre appli-
quée dans une période cyclique a venir.

Procédé selon la revendication 10, dans lequel
aucun échantillon n’est fourni au générateur (204)
de réplique de bruit lors de la période cyclique lors
de laquelle une stimulation doit étre appliquée.

Procédé selon la revendication 10 ou 11, incluant en
outre la génération d’un signal que le sujet subira
une stimulation avant chacune d’une pluralité de pé-
riodes cycliques lors de laquelle une stimulation est
appliquée au sujet.

Procédé selon la revendication 11 ou 12, incluant en
outre la génération d’un signal qu’'une stimulation
doit commencer lors d’'une premiére période et d’'un
autre signal que la stimulation doit cesser lors d’'une
deuxiéme période.

Procédé selon larevendication 11, 12 ou 13, incluant
en outre de faire en sorte que la stimulation soit four-
nie au sujet.
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15. Procédé selon I'une quelconque des revendications
8 a 14, incluant en outre le couplage de la sonde de
test(102) a un sujet qui est un échantillon biologique.
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