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Description
CROSS-REFERENCE TO OTHER APPLICATIONS

[0001] This application claims the benefit of U.S. pro-
visional patent application serial no. 62/008,345 entitled
"FLOW CYTOMETER SIGNAL PEAK IDENTIFICATION
EMPLOYING DYNAMIC THRESHOLDING" filed June
5, 2014.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the
processing of data signal traces output by a flow cytom-
eter instrument, and more particularly, to the identifica-
tion of signal peaks within data signal traces output by a
flow cytometer instrument.

BACKGROUND OF THE INVENTION

[0003] Flow cytometry is an analytical technique used
in a number of applications to measure physical and/or
chemical properties of biological or nonbiological parti-
cles as they flow in a sample fluid, often an aqueous liquid
medium, through an investigation cell (also referred to
herein as a flow cell). Flow through the cell may be in-
vestigated by a variety of techniques, including subject-
ing the flow to electrical, acoustic and/or optical signals
in measuring and analyzing responses to detect and
evaluate particles in the sample.

[0004] When attempting to evaluate whether or not a
particular particle is presentin asample fluid, one or more
fluorescent stains or dyes may be added to the sample
fluid. The dyes or stains are selected to fix on the particle
of interest and to fluoresce when exposed to excitation
light within a particular range of wavelengths. The fluo-
rescent response light from the sample fluid may be de-
tected by one or more photodetectors of the flow cytom-
etry instrument, which in turn, generate one or more elec-
trical signal data traces in which the voltage level at a
particular instant in time indicates the level of fluorescent
response light received by the detector from the sample
fluid at that time. By identifying peaks in the signal data
traces, an evaluation may be made regarding the pres-
ence of the target particle in the sample fluid. However,
identifying valid signal peaks in signal data traces of a
flow cytometer instrument can be challenging, particu-
larly where two or more stains or dyes are used in the
flow cytometry investigation which may result in cross-
talk among signal data traces corresponding with a flu-
orescent response resulting from each stain or dye.
[0005] US 2008/021674 A1 discloses methods for en-
hancing the analysis of particle detection comprising
measuring a first electromagnetic radiation signal provid-
ed by a particle, comparing by cross-correlation the elec-
tromagnetic radiation signal emitted by the particle, and
further applying an analyticalfilter to the cross-correlation
events, thereby enhancing the analysis of the particle
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emission.

[0006] WO 2014/062719 A2 discloses cell detection
systems, fluidic devices, structures and techniques re-
lated to particle and cell sorting and detection in fluid, for
example sorting specific subpopulations of cell types. A
method for verification of sorting of particles includes re-
ceiving a first detection signal that is associated with op-
tical characteristics of a particle in a first channel. A sort-
ing channel of a plurality of second channels is deter-
mined based on the first detection signal, thereby deter-
mining the sorting of the particle into the sorting channel
based on the optical characteristics of the particle. A sort-
ing signal for sorting the particle from the first channel
into the sorting channel is transmitted. A second detec-
tion signalis received thatis associated with the presence
of the particle in the sorting channel. The sorting of the
particle from the first channel into the sorting channel is
verified based on the second detection signal.

SUMMARY OF THE INVENTION

[0007] Accordingly, a method, according to claim 14,
of evaluating particle attributes in a sample fluid subject-
ed to flow cytometry investigation in a flow cytometer
instrument by processing time series signal data traces
output by a flow cytometer instrument, and a flow cytom-
eter system according to claim 1 are provided. In the
methods and systems, data points comprising time series
signal data traces corresponding with detection during
the flow cytometry investigation of light from the sample
fluid in one or more wavelength ranges indicative of the
presence of one or more particle attributes in the sample
fluid are batch-processed using a batch-specific signal
peak threshold determined as a function of a batch-spe-
cific noise characteristic to identify signal peaks in the
batch of data points indicative of the presence of the one
or more particle attributes in the sample fluid.

[0008] In one aspect, a method of evaluating particle
attributes in a sample fluid subjected to flow cytometry
investigation in a flow cytometer instrument may include
processing flow cytometry investigation response data
generated by the flow cytometer instrument. The re-
sponse data may comprise atime series signal data trace
corresponding with detection during the flow cytometry
investigation of light from the sample fluid in a wavelength
range that is indicative of the presence of a particle at-
tribute in the sample fluid. The processing may comprise
separately batch processing a plurality of different time
interval batches of data points of the time series signal
data trace. The batch processing of each batch of data
points may comprise: (1) determining a batch-specific
noise characteristic for the batch of data points; (2) de-
termining a batch-specific signal peak threshold for the
batch of data points as a function of the batch-specific
noise characteristic; and (3) identifying signal peaks in
the batch of data points indicative of the presence of the
particle attribute in the sample fluid using threshold cri-
teria including the batch-specific signal peak threshold.
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[0009] In one particular implementation of the method
where the flow cytometry investigation involves two
stains or dyes and hence two fluorescent responses of
differing wavelength ranges, the time series signal data
trace may comprise a first time series signal data trace,
the particle attribute may comprise a first particle at-
tribute, the light may comprise first light from the sample
fluid in a first wavelength range that is indicative of the
presence of the first particle attribute, the response data
may further comprise a second time series signal data
trace corresponding with detection during the flow cy-
tometry investigation of second light from the sample fluid
in a second wavelength range that is indicative of the
presence of a second particle attribute in the sample fluid,
and the method may further comprise separately batch
processing a plurality of different time interval batches of
data points of the second time series signal data trace.
Time intervals of each successive batch of data points
of the second time series signal data trace may corre-
spond intime with time intervals of each successive batch
of data points of the first time series signal data trace.
The batch processing of each batch of data points of the
second time series signal data trace may comprise: (1)
determining a batch-specific noise characteristic for the
batch of data points of the second time series signal data
trace; (2) determining a batch-specific signal peak
threshold for the batch of data points of the second time
series signal data trace as a function of the batch-specific
noise characteristic for the batch of data points of the
second time series signal data trace; and (3) identifying
signal peaks in the batch of data points of the second
time series signal data trace indicative of the presence
of the second particle attribute in the sample fluid using
threshold criteria including the batch-specific signal peak
threshold.

[0010] In another aspect, a method of processing time
series signal data traces output by a flow cytometer in-
strument may include selecting a batch of data points
from each of a first and a second time series signal data
trace output by the flow cytometer instrument. The first
time series signal data trace may comprise a first plurality
of data points corresponding with detection by the flow
cytometer instrument of light in a first wavelength range
thatis indicative of the presence of a first particle attribute
in a sample fluid subjected to flow cytometry investigation
in the flow cytometer instrument, and the second time
series signal data trace may comprise a second plurality
of data points corresponding with detection by the flow
cytometer instrument of light in a second wavelength
range that is indicative of the presence of a second par-
ticle attribute in the sample fluid. The method may also
include

separately processing each batch of selected data points
from each of the first and second time series signal data
traces. The batch-processing of each batch of data points
may comprise: (1) determining a batch-specific noise
characteristic for the batch of data points; (2) determining
a batch-specific signal peak threshold for the batch of
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data points as a function of the batch-specific noise char-
acteristic; and (3) identifying signal peaks in the batch of
data points indicative of the presence of one of the first
particle attribute or the second particle attribute in the
sample fluid using threshold criteria including the batch-
specific signal peak threshold. The method may also in-
clude comparing times of occurrence of the identified sig-
nal peaks in the separately batch processed batches of
data points of the first and the second time series signal
data traces, and recording as the presence of a target
particle a temporal coincidence of identified signal peaks
in the batches of data points of the first and the second
time series signal data traces.

[0011] Inafurtheraspect, aflow cytometer system may
include a flow cytometer instrument operable to output
flow cytometry investigation response data. The re-
sponse data may comprise atime series signal data trace
corresponding with detection during the flow cytometry
investigation of light from the sample fluid in a wavelength
range that is indicative of the presence of a particle at-
tribute in the sample fluid. The flow cytometer instrument
may also include a processor operable to receive the flow
cytometry response data output by the flow cytometer
instrument. The processor may be further operable to
separately batch process a plurality of different time in-
terval batches of data points of the time series signal data
trace to: (1) determine a batch-specific noise character-
istic for the batch of data points; (2) determine a batch-
specific signal peak threshold for the batch of data points
as a function of the batch-specific noise characteristic;
and (3) identify signal peaks in the batch of data points
indicative of the presence of the particle attribute in the
sample fluid using threshold criteria including the batch-
specific signal peak threshold.

[0012] In one particular implementation of the system
where the flow cytometry investigation involves two
stains or dyes and hence two fluorescent responses of
differing wavelength ranges, the time series signal data
trace may comprise a first time series signal data trace,
the particle attribute may comprise a first particle at-
tribute, the light may comprise first light from the sample
fluid in a first wavelength range that is indicative of the
presence of the first particle attribute, the response data
may further comprise a second time series signal data
trace corresponding with detection during the flow cy-
tometry investigation of light from the sample fluid in a
second wavelength range that is indicative of the pres-
ence of a second particle attribute in the sample fluid,
and the processor may be further operable to separately
batch process a plurality of different time interval batches
of data points of the second time series signal data trace.
Time intervals of each successive batch of data points
of the second time series signal data trace may corre-
spondin time with time intervals of each successive batch
of data points of the first time series signal data trace.
The processor may separately batch processes the plu-
rality of different time interval batches of data points of
the second time series signal data trace to: (1) determine
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a batch-specific noise characteristic for the batch of data
points of the second time series signal data trace; (2)
determine a batch-specific signal peak threshold for the
batch of data points of the second time series signal data
trace as a function of the batch-specific noise character-
istic for the batch of data points of the second time series
signal data trace; and (3)identify signal peaksin the batch
of data points of the second time series signal data trace
indicative of the presence of the second particle attribute
in the sample fluid using threshold criteria including the
batch-specific signal peak threshold.

[0013] Various refinements exist of the features noted
in relation to the various aspects of the presentinvention.
Further features may also be incorporated in the various
aspects of the present invention. These refinements and
additional features may exist individually or in any com-
bination, and various features of the various aspects may
be combined. These and other aspects and advantages
of the present invention will be apparent upon review of
the following Detailed Description when taken in conjunc-
tion with the accompanying figures.

DESCRIPTION OF THE DRAWINGS
[0014]

FIGS. 1A-1B are perspective and side views of one
embodiment of a flow cytometer instrument.

FIGS. 2A-2B are perspective and top views of one
embodiment of a flow cytometer internal assembly
that may be included within the flow cytometer in-
strument of FIGS. 1A-1B.

FIG. 3 is a flow diagram depicting the steps of one
embodiment of a method of evaluating particle at-
tributes in a sample fluid subjected to flow cytometry
investigation in a flow cytometer.

FIG. 4 is a scatter plot of peak heights for a first time
series signal data trace versus peak heights for a
second time series signal data trace.

FIGS. 5A-5B are plots of exemplary corrected first
and second time series signal data traces following
removal of cross-talk.

FIG. 6A is a time series plot showing a batch of
10,000 data points from afirst time series signal data
trace and a batch of 10,000 data points from a sec-
ond time series signal data trace over corresponding
time intervals.

FIG. 6B is a histogram plot for the first time series
signal data trace shown in FIG. 6A.

FIG. 7 is a block diagram of one embodiment of a
flow cytometer system.

DETAILED DESCRIPTION

[0015] FIGS. 1A-1B show a flow cytometer 100 that
includes flow cytometry componentry contained within a
protective enclosure 102. Fluid samples may be intro-
duced into the flow cytometer 100 for flow cytometry in-

10

15

20

25

30

35

40

45

50

55

vestigation through a sample inlet 104. The flow cytom-
eter 100 includes support pads 106 on which the weight
of the enclosure 102 and contents within the enclosure
102 are supported. Advantageously, the support pads
106 may be of a material that provides significant vibra-
tion isolation to the enclosure 102, and to contents within
the enclosure 102, from ambient environment vibrations
that may be transmitted through a shelf, table or other
surface on which the flow cytometer 100 may be situated
during use. The supportpads 106 may, therefore, provide
a vibration isolation structure that provides a vibration
propagation barrier to the enclosure 102 and contents
within the enclosure 102. For example, the support pads
106 may be of a polymeric composition that provides a
vibration decomposing effect. Example polymeric com-
positions include thermoplastic and thermoset polymer
compositions.

[0016] FIGS. 2A-2B show an example flow cytometer
internal assembly 180 that may be disposed within the
enclosure 102 of the flow cytometer 100. The internal
assembly 180 includes a flow optical system assembly
including support platform 200 and a number of flow cy-
tometry optical components supported by the support
platform 200, with the optical components having fixed
relative positioning configured for performing flow cytom-
etry investigations of sample fluids. The flow cytometry
optical system assembly is supported by a support struc-
ture including three rigid support members 202 and vi-
bration isolation mounts (not shown in FIGS 2A-2B) that
are supported by the support members 202, and on which
the entire weight of the support platform 200 and com-
ponents supported by the support platform 200 are sup-
ported during flow cytometry investigation operations.
[0017] The flow cytometry optical components sup-
ported by the support platform 200 include a light source
in the form of a laser unit 206, a flow cell unit 208 and a
light detection system including a dichroic mirror unit210
and two light detector units 212, for example which may
include photomultiplier tubes. During operation of a flow
cytometry investigation of sample fluid flowing through
an investigatory flow path of a flow cell of the flow cell
unit 208, light from the laser unit 206 travels along a first
optical path to the flow cell. The first optical path includes
a mirror unit 214 that includes a mirror that reflects light
from the laser unit 206 to direct that light through a fo-
cusing lens 216 to focus light in the vicinity of the inves-
tigatory flow path within the flow cell of the flow cell unit
208. Light from the investigatory flow path of the flow cell
is directed along a second optical path from the flow cell
to the dichroic mirror unit 210 for detection by the light
detectors 212. The second optical path includes a focus-
ing lens unit 218 and a spatial lens unit 220 between the
flow cell unit 208 and the dichroic mirror unit 210. A di-
chroic mirror within the dichroic mirror unit 210 splits the
lightbetween light that passes through the dichroic mirror
and is directed toward light detector 212a and light that
is reflected by the dichroic mirror and is directed toward
light detector 212b. Bandpass filters 222 may be dis-
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posed in the optical paths to the light detectors 212 to
pass a narrow light including a wavelength or band of
wavelengths targeted for detection by the respective light
detectors 212a, 212b.

[0018] During operation of the flow cytometer 100 to
perform a flow cytometry investigation of a fluid sample,
the fluid sample to be investigated may be introduced
into the flow cytometer through the sample inlet 104. The
sample fluid is conducted to an inlet (not shown in FIGS.
2A-2B) to the flow cell unit 208. The sample fluid flows
through the investigatory fluid path in the flow cell unit
208 and exits the flow cell unit 208 through a sample exit
226. Sample fluid introduced into the flow cell unit 208
through the sample fluid inlet flows through a transparent
section of the flow cell unit 208 where it is subjected to
incident light from the laser unit 206 and exits through
the sample exit 226. The investigatory flow path passes
through the transparent section. The transparent section
may, for example, be made of a quartz crystal material.
Between the sample inlet 104 of the flow cytometer 100
and the inlet to the flow cell unit 208, the fluid sample
passes through a fluid path (not shown) that includes a
flow meter 232 where the flow rate of the fluid sample
may be measured for data collection purposes as part of
a feedback control mechanism for controlling the fluid
sample flow rate to the flow cell unit 208. In the flow cell
unit208, a sheath fluid is introduced around the fluid sam-
ple flow before the fluid sample flows through the trans-
parent section for investigation. The sheath fluid is intro-
duced into the flow cell unit 208 through a sheath fluid
inlet (not shown in FIGS. 2A-2B). Prior to introduction of
the sheath fluid into the flow cell unit 208, the sheath fluid
passes through a fluid path (not shown in FIGS. 2A-2B)
that includes a flow sensor 234 for monitoring of the
sheath fluid flow rate to the flow cell unit 208 and for use
for feedback control to control the flow rate of the sheath
fluid to the flow cell unit 208. The flow sensors 232 and
234 are conveniently supported on the support platform
200.

[0019] FIG. 3 illustrates steps that may be included in
a method of evaluating particle attributes in a sample
fluid subjected to flow cytometry investigation in a flow
cytometer instrument such as flow cytometer 100 of
FIGS. 1A-1B having a flow cytometer internal assembly
180 such as depicted in FIGS. 2A-2B.

[0020] The method 300 may be initiated with step 310
in which a flow cytometry investigation is performed on
a sample fluid. In this regard, a flow cytometer 100 such
as depicted in FIGS. 1A-1B may be used to perform the
flow cytometry investigation. Performance of the flow cy-
tometry investigation may involve directing the sample
fluid through a flow cell in which the sample fluid is sub-
jected to an excitation light from at least one light source,
and detecting separately response light in at least two
different wavelength ranges emitted from the sample fluid
in the flow cell. In this regard, the sample fluid may be
directed through a flow cell unit 208 of a flow cytometer
internal assembly 180 such as depicted in FIGS. 2A-2B
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with the laser unit 206 light source providing the excitation
light to the flow cell unit 208 via the mirror unit 214 and
focusing lens 216 in the first optical path, and the detec-
tors 212a, 212b separately detecting the response light
emitted from the sample fluid and directed thereto from
the flow cell unit 208 via focusing lens unit 218, the spatial
lens unit 220, and the dichroic mirror 210.

[0021] Step 310 may be undertaken at various times
in relation to one or more other steps of the method 300.
For example, in some implementations, step 310 may be
undertaken immediately prior to undertaking other steps
of the method 300, in some implementations, step 310
may be undertaken contemporaneously with undertaking
one or more other steps of the method 300, and, in some
implementations, step 310 may be undertaken well in
advance of undertaking other steps of the method 300.
[0022] In step 320, flow cytometry response data re-
sulting from the flow cytometry investigation is received.
In this regard, the flow cytometry response data may be
received from the optical detector(s) 212a, 212b of the
flow cytometry internal assembly 180 at a processor (not
shown in FIGS. 2A-2B) that may be included within a flow
cytometer such as depicted in FIGS. 1A-1B and/or at a
processor thatis part of a separate computer system that
is in communication (e.g. via a wired connection such a
universal serial bus connection, a parallel port connec-
tion, an Ethernet connection or the like or a wireless con-
nection such as a WiFi data connection, a cellular data
connection, or the like).

[0023] The flow cytometry response data may com-
prise one or more time series signal data traces. Each
time series signal data trace may comprise a plurality of
data points corresponding with detection during the flow
cytometry investigation of light from the sample fluid in a
wavelength range that is indicative of the presence of a
particle attribute in the sample fluid. In one implementa-
tion, there may be first and second times series signal
data traces, with the first time series signal data trace
comprising a first plurality of data points corresponding
with detection during the flow cytometry investigation of
first light from the sample fluid in a first wavelength range
thatis indicative of the presence of a first particle attribute
in the sample fluid and the second time series signal data
trace comprising a second plurality of data points corre-
sponding with detection during the flow cytometry inves-
tigation of second light from the sample fluid in a second
wavelength range that is indicative of the presence of a
second particle attribute in the sample fluid. In thisregard,
the first particle attribute may comprise presence of nu-
cleic acid and the second particle attribute may comprise
presence of protein. Thus, the first time series signal data
trace may be referred to herein as the nucleic acid chan-
nel or N-channel and the second time series signal data
trace may be referred to herein as the protein channel or
P-channel. The first light may comprise light in the first
wavelength range that is a fluorescent emission of a first
fluorescent stain, and the second light may comprise light
in a second wavelength range that is a fluorescent emis-
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sion of a second fluorescent stain.

[0024] In step 330, cross-talk is removed from the first
and second time series signal data traces. In one imple-
mentation, the removal of cross-talk may proceed in ac-
cordance with steps 332, 334 and 336, and, as depicted
in FIG. 3, the step 330 of removing cross-talk may be
undertaken prior to proceeding with subsequent steps of
method 300. In other implementations, all or some part
of the step 330 of removing cross-talk (e.g., one or more
of steps 332, 334, 336) may be undertaken contempo-
raneously with one or more subsequent steps of method
300 (e.g., contemporaneously with step 350 of separate
batch processing of each batch of data points as de-
scribed hereinbelow). Regardless of when the step 330
of cross-talk removal occurs, cross-talk removal gener-
ally involves reducing 332 the magnitude of each data
point comprising the first time series signal data trace in
accordance with a correlated percentage of a magnitude
of the second time series signal data trace and reducing
334 the magnitude of each data point comprising the sec-
ond time series signal data trace in accordance with a
correlated percentage of a magnitude of the first time
series signal data trace. The correlated percentage of
the magnitude of the first time series signal data trace
may comprise a first empirically derived cross-talk per-
centage, and the correlated percentage of the magnitude
of the second time series signal data trace may comprise
a second empirically derived cross-talk percentage.
[0025] Referring to FIG. 4, one manner of deriving 336
the respective first and second cross-talk percentages
may, for example, involve processing a single-stain sam-
ple fluid appropriate for nucleic acid detection through a
flow cytometer instrument to obtain N-channel data, and
also processing a single-stain sample fluid appropriate
for protein detection through a flow cytometer instrument
to obtain P-channel data. As depicted in the scatter plot
400 of FIG. 4, peak heights for the N-channel data may
then be plotted versus peak heights for the P-channel
data, and respective N-channel and P-channel best fit
lines 410, 420 through the origin may be calculated from
the N-channel peak height and P-channel peak height
data. The slope of the N-channel best fit line 410 yields
the ratio of peak heights and thus the N-to-P cross-talk
percentage (3.16% for the exemplary data plotted in FIG.
4), and the slope of the P-channel best fit line 420 yields
the ratio of peak heights and thus the P-to-N cross-talk
percentage (15.9% for the exemplary data plotted in FIG.
4). The step 336 of deriving the cross-talk percentages
may take place prior to the steps 332, 334 of reducing
the magnitudes of the data points comprising the firstand
second times series signal data traces. In this regard,
the cross-talk percentage derivation step 336 may be
undertaken for a particular model instrument intended for
investigating a particular category of particle (e.g. a flu
virus) so that the respective cross-talk percentages can
be provided as a parameter that may be included within
such models of flow cytometer instrument at the time of
manufacture or entered by a user prior to use of the in-
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strument in the field.

[0026] FIG. 5A depicts an exemplary corrected N-
channel signal data trace 502 in which cross-talk has
been removed using a N-to-P cross-talk correction per-
centage of 5%. In this regard, the N-to-P cross-talk per-
centage may be derived in a manner such as described
herein in connection with FIG. 4 using a purified influenza
A virus particle sample fluid having a single stain appro-
priate for nucleic acid detection.

[0027] FIG. 5B depicts an exemplary corrected P-
channel signal data trace 504 in which cross-talk has
been removed using a P-to-N cross-talk correction per-
centage of 26%. In this regard, the P-to-N cross-talk per-
centage may be derived in a manner such as described
herein in connection with FIG. 4 using a purified influenza
A virus particle sample fluid having a single stain appro-
priate for protein detection.

[0028] Referring againto FIG. 3, in step 340 of method
300, one or more batches of data points are selected
from the response data for subsequent batch processing.
In an implementation where there are first and second
time series signal data traces included in the response
data, successive batches of data points that correspond
in time (e.g., batches that represent the same time inter-
val of their respective trace) may be selected from among
the first plurality of data points comprising the first time
series signal data trace and the second plurality of data
points comprising the second time series signal data
trace. More than one batch of data points may be selected
from each time series signal data trace for subsequent
batch processing, with each batch of data points that is
selected from a plurality of data points comprising a par-
ticular trace being selected from a different time interval
of its respective trace. In selecting the batch(es) of data
points, a predetermined number of data points may be
chosen from each plurality of data points comprising a
time series signal data trace. The predetermined number
of data points is chosen to provide a window of the re-
spective time series signal data trace from which the data
points are selected having a time period over which base-
line drift is limited. In this regard, it has been found that
apredetermined number of about 10,000 data points may
be appropriate.

[0029] In step 350, each batch of data points is sepa-
rately processed. In one implementation, the separate
batch processing of each batch of data points may pro-
ceed in accordance with steps 352, 354, 356 and 358.
In step 352, a batch-specific noise characteristic is de-
termined for the batch of data points. In step 354, a batch-
specific signal peak threshold is determined for the batch
of data points as a function of the batch-specific noise
characteristic. In step 356, signal peaks in the batch of
data points indicative of the presence of a particle at-
tribute in the sample fluid are identified using threshold
criteria including the batch-specific signal peak thresh-
old. In step 358, an assessment is made as to whether
the identified signal peaks within the batch of data points
are anomalous. An anomalous peak may, for example,
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be one with a height that exceeds the batch-specific sig-
nal peak threshold by too much as well one that is either
too wide or too narrow when compared with appropriate
maximum and minimum peak width filters.

[0030] Step 352 in which a batch-specific noise char-
acteristic is determined for the batch of data points may
involve determining an asymmetric Gaussian distribution
fit to a portion of a histogram of the data points of the
batch. In this regard, the portion of the histogram asym-
metrically excludes high magnitude data points relative
to low magnitude data points. In one implementation, the
portion of the histogram may include data points of mag-
nitude up to an added increment above a base magnitude
corresponding with an identified maximum for the histo-
gram and may exclude data points of magnitude larger
than the added increment above the base magnitude.
Further, the portion of the histogram may include data
points of magnitude down to a subtracted increment be-
low the base magnitude and may exclude data points
smaller than the subtracted increment below the base
magnitude, with the added increment being smaller than
the subtracted increment. To further provide desired
asymmetry, the subtracted increment may be at leasttwo
times as larger or more than the added increment.
[0031] In one implementation, the subtracted incre-
ment may be no smaller than three times a unitincrement
that is equal to a magnitude difference between the base
magnitude and a half-magnitude that is smaller than the
base magnitude and corresponds with a half number fre-
quency on the histogram relative to a number frequency
of the base magnitude. The base magnitude may, for
example, correspond to a mean value p. of the data points
of the distribution, the magnitude difference between the
base magnitude and the half magnitude may correspond
to a standard deviation of the data points of the distribu-
tion, and the added and subtracted increments may, for
example, be based on the standard deviation ¢ of the
data points of the distribution. In one implementation, the
added increment may be 16 and the subtracted incre-
ment may be 5c.

[0032] Additionally, the histogram may comprise a se-
ries of data bins, with each data bin containing all data
points in the batch within a fixed range of magnitudes. In
this regard, the base magnitude may correspond with a
magnitude within the range of the bin thatincludes a max-
imum number frequency of data points of all the bins, the
data points may have a magnitude expressed in volts
and the range of each bin may be no larger than 0.03
volts. In one implementation, the series of data bins may
include at least one-hundred of the data bins.

[0033] Step 354 in which a batch-specific signal peak
thresholdis determined as a function of the batch-specific
noise characteristic may involve setting the signal peak
threshold based on the mean . of the asymmetric Gaus-
sian distribution fit plus an increment. For example, the
batch-specific signal peak threshold may be set to be the
greater of the mean p. of the asymmetric Gaussian dis-
tribution fit plus three times the standard deviation o of
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the asymmetric Gaussian distribution fit or the mean p
of the asymmetric Gaussian distribution fit plus 0.05V,
whichever is greater (e.g., signal peak threshold is no
smaller than w + 3o or p + 0.05V). Additionally, in one
specific implementation, the batch-specific signal peak
threshold may be set to be the greater of the mean . of
the asymmetric Gaussian distribution fit plus five times
the standard deviation ¢ of the asymmetric Gaussian dis-
tribution fit or the mean p of the asymmetric Gaussian
distribution fit plus 0.1V, whichever is greater (e.g., signal
peak threshold is no smaller than . + 50 or w + 0.1V).
Basing the batch-specific signal peak threshold on the
mean p of the asymmetric Gaussian distribution fit plus
a fixed voltage may be applied where the standard devi-
ation o of the asymmetric Gaussian distribution fit is par-
ticularly small and would lead to a signal peak threshold
that would eliminate most, if not all, signal peaks if the
signal peak threshold is based upon mean p plus some
multiple of the standard deviation ¢ of the asymmetric
Gaussian distribution fit.

[0034] By way of example, FIG. 6A shows a represent-
ative batch of 10,000 data points from the nucleic acid
channel trace 602 and the protein channel trace 604 plot-
ted versus time. Respective signal peak thresholds 612,
614 for the nucleic acid channel trace 602 and the protein
channel trace 604 are indicated by the horizontal dashed
lines, with the signal peak threshold 612 for the nucleic
acid channel trace 602 being slightly lower than the signal
peak threshold 614 for the protein channel trace 604 in
the illustrated example. In other situations, the nucleic
acid channel trace 602 signal peak threshold 612 may
be slightly or significantly more than the protein channel
trace 604 signal peak threshold 614 or the nucleic acid
channel trace 602 signal peak threshold 612 may signif-
icantly less than the protein channeltrace 604 signal peak
threshold 614. A clipping threshold 616 is shown by the
horizontal line at 9.5V. The clipping threshold may be
used to identify peaks that are anomalous because their
height exceeds the applicable signal peak threshold 612,
614 by too much. Three signal peaks 622A-622C are
marked by circles in the nucleic acid channel trace 602
that correspond in time with three signal peaks 624A-
624C marked by circles in the protein channel trace 604.
A single clipped peak 626 in the protein channel 604 is
also shown.

[0035] FIG. 6B shows a histogram 630 for a time series
signal data trace such as the nucleic acid channel trace
602 of FIG. 6A, showing a clear normally distributed noise
peak 640. The asymmetric Gaussian distribution fit is al-
so shown referenced by numeral 642, and integer mul-
tiples of the standard deviation ¢ away from the mean
are indicated by the vertical dashed lines. As depicted,
less than the entire range of the histogram 600 has been
used in computing the asymmetric Gaussian distribution
fit 642. In this regard, data points with a voltage below a
subtracted increment from the mean . (e.g., below . -
5c) and above an added increment from the mean p
(e.g., above p. + 1) have been excluded in computing
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the asymmetric Gaussian distribution fit 642.

[0036] Referring again to FIG. 3, in step 356, signal
peaks are identified in each batch of data points. The
signal peaks may be identified by comparing the voltage
values of the data points in each batch with the appro-
priate signal peak threshold for such batch. For example,
the data points in the nucleic acid channel trace 602 may
be compared with the batch-specific signal peak thresh-
old 612 for the nucleic acid channel trace 602 with con-
secutive points exceeding the batch-specific signal peak
threshold 612 being considered to comprise a signal
peak in the nucleic acid channel trace 602 indicative of
the presence of a particular nucleic acid particle in the
sample fluid. Likewise, the data pointsin the protein chan-
nel trace 604 may be compared with the batch-specific
signal peak threshold 614 for the protein channel trace
604 with consecutive points exceeding the batch-specific
signal peak threshold 614 being considered to comprise
a signal peak in the protein channel trace 604 indicative
of the presence of a particular protein particle in the sam-
ple fluid.

[0037] In step 358 of the method 300, an assessment
is made as to whether or not an identified peak is an
anomalous peak. In one implementation of the method
300, step 358 may not be included in which case no as-
sessment is made as to whether any of the identified
peaks are anomalous. In implementations of the method
300 including step 358, each data point comprising an
identified peak in the batches of data points is compared
with an anomaly threshold. One example of an anomaly
threshold is the clipping threshold 616 shown in FIG. 6A.
Other examples of anomaly thresholds include minimum
and maximum peak widths. If the data point(s) compris-
ing an identified peak exceed the anomaly threshold,
such identified peak is considered to be anomalous (e.g.,
considered a clipped peak where the anomaly threshold
is a clipping threshold). Anomalous peaks may be reject-
ed as peaks considered indicative of the presence of a
particle attribute and excluded from further consideration
in the method 300. For example, each of the correspond-
ingintime signal peaks 622A-622C, 624A-624C depicted
in FIG. 6A are considered signal peaks because they
exceed their respective nucleic acid channel trace 602
and protein channel trace 604 signal peak thresholds
612, 614 without exceed the clipping threshold 616;
whereas, the clipped peak 626 is considered anomalous
because it also exceeds the clipping threshold 616 in
addition to the signal peak threshold 614 for the protein
channel trace 604.

[0038] In step 370, a comparison is made between
times of occurrence of non-anomalous identified signal
peaks in the separately batch-processed batches of data
points from the first signal data trace and the second
signal data trace over the same time interval. In step 372,
the non-anomalous signal peaks that coincide in time
may be recorded as the presence of a target particle in
the sample fluid. For example, each of the corresponding
in time signal peaks 622A-622C, 624A-624C depicted in
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FIG. 6A may be recorded as the presence of a target
particle (e.g., an influenza virus) since non-anomalous
signal peaks indicating the presence of a first particle
attribute (e.g., a nucleic acid) and a second particle at-
tribute (e.g. a protein) in the sample fluid have temporal
coincidence.

[0039] In step 374, for each batch of data points that
is separately batch processed in step 350, an update is
made to a set of collective statistics for the time series
signal data trace(s). The collective statistics that are up-
dated include characteristics of the identified signal
peaks from multiple batches. For example, the charac-
teristics of the identified signal peaks may comprise one
or more of a start pointassociated with an identified peak,
an end point associated with an identified peak, a width
of an identified peak, a maximum value of an identified
peak, a time of the maximum value of an identified peak,
an indicator of whether an identified peak was anoma-
lous, and a count of the number of coinciding in time
signal peaks recorded as the presence of the target par-
ticle.

[0040] Instep 380, aconcentration of the target particle
may be calculated based on the collective statistics (e.g.,
the updated count of the number of coinciding in time
signal peaks recorded as the presence of the target par-
ticle) and a measured flow rate of the sample fluid to the
flow cell. In this regard, when conducting the flow cytom-
etry investigation, the flow rate of sample fluid through
the flow cell may be maintained at or below a desired
maximum flow rate in order to help facilitate the accurate
identification of target particles in accordance with the
method 300. Although other maximum flow rates may be
appropriate, in one implementation the maximum flow
rate may be 1000 nanoliters/minute.

[0041] In step 382, results of the flow cytometry inves-
tigation may be displayed. In this regard, the results may
include the calculated concentration of the target particle.
The results that are displayed may also include the col-
lected statistics. In one implementation, the results may
be displayed contemporaneous to the flow cytometry in-
vestigation (e.g., by displaying the results on a display
screen of the flow cytometer instrument and/or a display
of a computer system interfaced with the flow cytometer
instrument).

[0042] FIG. 7 is a block diagram representation of one
embodiment of a flow cytometer system 700. The flow
cytometer system 700 includes flow cytometer instru-
ment 710, a processor 720, a memory 730 and a display
device 740. The flow cytometer instrument 710 may, for
example, comprise a flow cytometer instrument 100 hav-
ing a flow cytometer internal assembly 180 within an en-
closure 102 such as depicted and described in connec-
tion with FIGS. 1A-1B and 2A-2B. Regardless of its con-
figuration, the flow cytometer instrument 710 is operable
to output flow cytometry investigation response data 750,
where the response data 750 comprises one or more
time series signal data traces corresponding with detec-
tion during the flow cytometry investigation of light from
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the sample fluid in one or more wavelength ranges indic-
ative of the presence of one or more particle attributes
in a sample fluid being undergoing flow cytometry inves-
tigation. The response data 750 may be stored in the
memory 730. The processor 720 is operable to receive
the flow cytometry response data 750 output by the flow
cytometer instrument 710. In this regard, the processor
720 may receive the response data 750 directly from the
flow cytometer instrument 710 as it is output and/or from
the memory 730 where the response data 750 has been
stored. The processor 720 is operable to process the
response data 750 to evaluate particle attributes in the
sample fluid (e.g., to identify the presence of nucleic acid
and protein attributes indicative of a target particle such
as an influenza virus). The processor 720 may process
the response data 750 by performing one or more of the
steps of a method 300 such as depicted and described
in connection with FIG. 3. In this regard, the processor
may comprise a general purpose microprocessor, and
computer executable program code 760 may be stored
on the memory 730 and executed by the processor 720
to accomplish processing of the response data 750. It
may also be possible for the processor 720 to comprise
one or more application specific integrated circuits
(ASICs) and/or field programmable gate arrays (FPGASs)
in combination with a general purpose microprocessor
thattogetheraccomplish processing of the response data
750 or one or more ASICs and/or FPGAs without a gen-
eral purpose microprocessor that accomplish processing
of the response data 750. Results 770 of the processing
of the response data 750 accomplished by the processor
720 may be displayed on the display device 740. The
results 770 may be displayed as the flow cytometry in-
vestigation is ongoing and/or after it is completed. The
results 770 may also be stored in the memory 730 and/or
on a non-volatile data storage device 780 (e.g. a hard
disc, an optical disc, a flash memory, etc.) that may be
included in the flow cytometry system 700. In addition to
storing the results 770, the non-volatile data storage de-
vice may also store the response data 750 (e.g., in raw
and cross-talk corrected forms) and/or the computer ex-
ecutable program code 760. In one implementation such
as depicted, the processor 720, memory 730, display de-
vice 740 and data storage device 780 comprise a com-
puter system 790 separate from the flow cytometer in-
strument 710 and interfaced therewith for communication
therebetween. In this regard, the computer system 790
may, for example, comprise a laptop, desktop, notebook,
or touch pad computing device, and may have additional
components not depicted such as a keyboard, mouse
and/ortouch screen/pad input device. In otherimplemen-
tations, one or more of the processor 720, memory 730,
display device 740, and data storage device 780 may be
incorporated within the flow cytometer instrument 710.

[0043] Deviations may be made from the specific em-
bodiments disclosed in the specification without depart-
ing from the scope of the invention. For example, at least
some of the functionalities performed by many of the
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processes, devices and modules etc. discussed herein
may be performed by other modules, devices, processes,
etc. Theillustrations and discussion herein has only been
provided to assist the reader in understanding the various
aspects of the present disclosure.

[0044] Furthermore, the various utilities disclosed
herein (e.g., the method of evaluating particle attributes
in asample fluid subjected to flow cytometry investigation
in a flow cytometer instrument) are not limited to being
used in the context of the specific flow cytometer instru-
ment described herein.

[0045] A computerprogram (also known as a program,
software, software application, script, or code) used to
provide the functionality described herein (such as to pro-
vide one or more steps of the method of evaluating par-
ticle attributes in a sample fluid subjected to flow cytom-
etry investigation in a flow cytometer instrument) may be
written in any form of programming language, including
compiled or interpreted languages, and may be deployed
in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for
use in a computing environment. A computer program
does not necessarily correspond to a file in a file system.
A program can be stored in a portion of a file that holds
other programs or data (e.g., one or more scripts stored
in a markup language document), in a single file dedicat-
ed to the program in question, or in multiple coordinated
files (e.g., files that store one or more modules, sub-pro-
grams, or portions of code). A computer program can be
deployed to be executed on one computer or on multiple
computers that are located at one site or distributed
across multiple sites and interconnected by an informa-
tion flow network.

[0046] The block diagrams, processes, protocols and
logic flows described in this specification can be per-
formed by one or more programmable processors exe-
cuting one or more computer programs to perform func-
tions by operating on input data and generating output.
The processes and logic flows can also be performed by,
and apparatus can also be implemented as, special pur-
pose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated
circuit). Processors suitable for the execution of a com-
puter program include, by way of example, both general
and special purpose microprocessors, and any one or
more processors of any kind of digital computer. Gener-
ally, a processor will receive instructions and data from
aread-only memory or arandom access memory or both.
Generally, the elements of a computer are a processor
for performing instructions and one or more memory de-
vices for storing instructions and data. The techniques
described herein may be implemented by a computer
system configured to provide the functionality described.
[0047] While this disclosure contains many specifics,
these should not be construed as limitations on the scope
of the disclosure or of what may be claimed, but rather
as descriptions of features specific to particular embod-
iments of the disclosure. Certain features that are de-
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scribed in this specification in the context of separate
embodiments and/or arrangements can also be imple-
mented in combination in a single embodiment. Con-
versely, various features that are described in the context
of a single embodiment can also be implemented in mul-
tiple embodiments separately or in any suitable subcom-
bination, within the scope of the appended claims.
[0048] Additionally, the foregoing description of the
present invention has been presented for purposes of
illustration and description. Furthermore, the description
is notintended to limit the invention to the form disclosed
herein. Consequently, variations and modifications com-
mensurate with the above teachings, and the scope of
the invention is defined by the claims.

Claims
1. A flow cytometer system comprising:

a flow cytometer instrument operable to output
flow cytometry investigation response data, the
response data comprising a time series signal
data trace corresponding with detection during
the flow cytometry investigation of light from the
sample fluid in a wavelength range that is indic-
ative of the presence of a particle attribute in the
sample fluid; and

a processor operable to receive the flow cytom-
etry response data output by the flow cytometer
instrument, the processorbeing further operable
to separately batch process a plurality of differ-
ent time interval batches of data points of the
time series signal data trace to:

determine a batch-specific noise character-
istic for said batch of data points;
determine a batch-specific signal peak
threshold for said batch of data points as a
function of the batch-specific noise charac-
teristic; and

identify signal peaks in said batch of data
points indicative of the presence of the par-
ticle attribute in the sample fluid using
threshold criteria including the batch-spe-
cific signal peak threshold.

2. A system according to Claim 1, wherein:

the time series signal data trace comprises a
first time series signal data trace, the particle
attribute comprises a first particle attribute and
the light comprises first light from the sample
fluid in a first wavelength range that is indicative
of the presence of the first particle attribute;

the response data further comprises a second
time series signal data trace corresponding with
detection during the flow cytometry investigation
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of light from the sample fluid in a second wave-
length range that is indicative of the presence
of a second particle attribute in the sample fluid;
and

the processor is further operable to separately
batch process a plurality of different time interval
batches of data points of the second time series
signal data trace, wherein time intervals of each
successive batch of data points of the second
time series signal data trace correspond in time
with time intervals of each successive batch of
data points of the first time series signal data
trace, and wherein said processor separately
batch processes the plurality of different time
interval batches of data points of the second time
series signal data trace to:

determine a batch-specific noise character-
istic for said batch of data points of the sec-
ond time series signal data trace;
determine a batch-specific signal peak
threshold for said batch of data points of the
second time series signal data trace as a
function of the batch-specific noise charac-
teristic for said batch of data points of the
second time series signal data trace; and
identify signal peaks in said batch of data
points of the second time series signal data
trace indicative of the presence of the sec-
ond particle attribute in the sample fluid us-
ing threshold criteria including the batch-
specific signal peak threshold.

A system according to Claim 2, wherein said first
particle attribute comprises presence of nucleic acid
and the second particle attribute comprises pres-
ence of protein; and,

wherein said processor is further operable to:

compare times of occurrence of the identified
signal peaks in said separately batch-processed
batches of data points of the first and the second
time series signal data traces; and,

record as the presence of a target particle a tem-
poral coincidence of identified signal peaks in
the batches of data points of the first and the
second time series signal data traces.

A system according to any one of Claims 2-3, where-
in the first light comprises light in a first wavelength
range that is a fluorescent emission of a first fluores-
cent stain, wherein the second light comprises light
in a second wavelength range that is a fluorescent
emission of a second fluorescent stain, and wherein
said processor is further operable to:

remove cross-talk from data points of a said
batch, wherein said processor is operable to re-
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move said cross-talk contemporaneously with
said separate batch processing of the said batch
or to remove said cross-talk prior to said sepa-
rate batch processing of the said batch; and,
in the case of the said batch being data points
of the first time series signal data trace, remove
from data points comprising the said batch a cor-
related percentage of a magnitude of the second
time series signal data trace; and

in the case of the said batch being data points
of the second time series signal data trace, re-
move from data points comprising the said batch
a correlated percentage of a magnitude of the
first time series signal data trace, wherein the
correlated percentage of the first time series sig-
nal data trace comprises a first empirically de-
rived cross-talk percentage associated with a
particular model of flow cytometerinstrumentin-
tended for investigating a particular category of
particle, and wherein the correlated percentage
of the second time series signal data trace com-
prises a second empirically derived cross-talk
percentage associated with a particular model
of flow cytometer instrument intended for inves-
tigating the particular category of particle.

A system according to any one of Claims 1-4, where-
in said processor is further operable in said batch
processing to:

update a set of collective statistics for the time
series signal data trace including characteristics
of the identified signal peaks from multiple
batches.

A system according to Claim 5, wherein the charac-
teristics of the identified signal peaks comprise one
or more of a start point associated with an identified
peak, an end point associated with an identified
peak, a width of an identified peak, a maximum value
of an identified peak, a time of the maximum value
of an identified peak, and an indicator of whether an
identified peak was anomalous.

A system according to any one of Claims 1-6, where-
in said processor is further operable in said batch
processing to:

assess whether an identified peak is an anom-
alous peak; and

reject anomalous peaks as peaks indicative of
presence of the particle attribute;

wherein said processor is operable to assess
whether an identified peak is an anomalous
peak by, for each data point above the batch-
specific signal peak threshold, comparing a val-
ue of the data point with an anomaly threshold
that is greater than the batch-specific signal
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peak threshold, wherein data points having val-
ues above the anomaly threshold are consid-
ered to comprise an anomalous peak.

A system according to any one of Claims 1-7, where-
in to determine a batch-specific noise said processor
is operable to:

determine an asymmetric Gaussian distribution fit to
a portion of a histogram of the data points of the
batch, wherein the portion of the histogram asym-
metrically excludes high magnitude data points rel-
ative to low magnitude data points.

A system according to Claim 8, wherein:

the portion of the histogram includes data points
of magnitude up to an added increment above
a base magnitude corresponding with an iden-
tified maximum for the histogram and excludes
data points of magnitude larger than the added
increment above the base magnitude;

the portion of the histogram includes data points
of magnitude down to a subtracted increment
below the base magnitude and excludes data
points smallerthan the subtracted increment be-
low the base magnitude; and

the added increment is smaller than the sub-
tracted increment.

A system according to Claim 9, wherein the subtract-
ed increment is at least two times as large as the
added increment,

wherein the subtracted increment is no smaller than
three times a unit increment that is equal to a mag-
nitude difference between the base magnitude and
a half-magnitude that is smaller than the base mag-
nitude and corresponds with a half number frequen-
cy on the histogram relative to a number frequency
of the base magnitude, and

wherein the histogram comprises a series of data
bins, wherein each said data bin contains all data
points in the batch within a fixed range of magnitudes
and the base magnitude corresponds with a magni-
tude within the range of a said bin that includes a
maximum number frequency of data points of all said
bins.

A system according to any one of Claims 8-10,
wherein the batch-specific signal peak threshold is
not smaller than the mean of the asymmetric Gaus-
sian distribution fit plus three times the standard de-
viation of the asymmetric Gaussian distribution fit.

A system according to any one of Claims 1-11,
wherein the flow cytometer instrument further com-

prises:

a flow cell;
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at least one light source;

a fluid pressurizing device operable to pressu-
rize the sample fluid to direct the sample fluid
through the flow cell where the sample fluid is
subjected to an excitation light from said at least
one light source; and

one or more photodetectors operable to sepa-
rately detect at least two different response light
wavelengths emitted from the sample fluid in the
flow cell.

A system according to any one of Claims 1-12,
wherein said processor is operable to perform said
batch processing contemporaneous to investigation
of the sample fluid in the flow cell, further comprising
a display device, wherein said processor is further
operable to display results of said batch processing
on said display device contemporaneous to investi-
gation of the sample fluid in the flow cell, and wherein
the results include a concentration of particles cal-
culated using collective statistics and a measured
flow rate of the sample fluid in the flow cell.

A method of evaluating particle attributes in a sample
fluid subjected to flow cytometry investigation in a
flow cytometer instrument, the method comprising:
processing flow cytometry investigation response
data generated by the flow cytometer instrument, the
response data comprising a time series signal data
trace corresponding with detection during the flow
cytometry investigation of light from the sample fluid
in a wavelength range that is indicative of the pres-
ence of a particle attribute in the sample fluid, the
processing comprising separately batch processing
a plurality of different time interval batches of data
points of the time series signal data trace, said batch
processing of each said batch of data points com-
prising:

determining a batch-specific noise characteris-
tic for said batch of data points;

determining a batch-specific signal peak thresh-
old for said batch of data points as a function of
the batch-specific noise characteristic; and
identifying signal peaks in said batch of data
points indicative of the presence of the particle
attribute in the sample fluid using threshold cri-
teria including the batch-specific signal peak
threshold.

A method according to Claim 14, wherein:

the time series signal data trace comprises a
first time series signal data trace, the particle
attribute comprises a first particle attribute and
the light comprises first light from the sample
fluid in a first wavelength range that is indicative
of the presence of the first particle attribute;
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the response data further comprises a second
time series signal data trace corresponding with
detection during the flow cytometry investigation
of second light from the sample fluid in a second
wavelength range that is indicative of the pres-
ence of a second particle attribute in the sample
fluid; and

the method further comprises:

separately batch processing a plurality of differ-
ent time interval batches of data points of the
second time series signal data trace, wherein
time intervals of each successive batch of data
points of the second time series signal data trace
correspond in time with time intervals of each
successive batch of data points of said first time
series signal data trace, said batch processing
of each said batch of data points of the second
time series signal data trace comprising:

determining a batch-specific noise charac-
teristic for said batch of data points of the
second time series signal data trace;
determining a batch-specific signal peak
threshold for said batch of data points of the
second time series signal data trace as a
function of the batch-specific noise charac-
teristic for said batch of data points of the
second time series signal data trace; and
identifying signal peaks in said batch of data
points of the second time series signal data
trace indicative of the presence of the sec-
ond particle attribute in the sample fluid us-
ing threshold criteria including the batch-
specific signal peak threshold.

A method according to Claim 14 or Claim 15, wherein
said batch processing further comprises:

updating a set of collective statistics for the time se-
ries signal data trace including characteristics of the
identified signal peaks from multiple batches, where-
in the characteristics of the identified signal peaks
comprise one or more of a start point associated with
an identified peak, an end point associated with an
identified peak, a width of an identified peak, a max-
imum value of an identified peak, a time of the max-
imum value of an identified peak, and an indicator
of whether an identified peak was anomalous.

A method according to any one of Claims 14-16,
wherein said determining a batch-specific noise
characteristic comprises:

determining an asymmetric Gaussian distribution fit
to a portion of a histogram of the data points of the
batch, wherein the portion of the histogram asym-
metrically excludes high magnitude data points rel-
ative to low magnitude data points, and wherein:

the portion of the histogram includes data points
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of magnitude up to an added increment above
a base magnitude corresponding with an iden-
tified maximum for the histogram and excludes
data points of magnitude larger than the added
increment above the base magnitude;

the portion of the histogram includes data points
of magnitude down to a subtracted increment
below the base magnitude and excludes data
points smaller than the subtracted increment be-
low the base magnitude; and

the added increment is smaller than the sub-
tracted increment, wherein the subtracted incre-
ment is at least two times as large as the added
increment.

18. A method according to any one of Claims 14-17,
wherein the flow cytometer instrument is the flow cy-
tometer system of either Claim 12 or Claim 13 and
the method comprises flowing the sample fluid
through the flow cell and subjecting the sample fluid
to the excitation light.

Patentanspriiche
1. Durchflusszytometersystem umfassend:

ein Durchflusszytometer zum Ausgeben von
Antwortdaten einer Durchflusszytometrie-Un-
tersuchung, wobei die Antwortdaten eine Zeit-
reihen-Signaldatenspur umfassen, die mit dem
Nachweis bei der Durchflusszytometrie-Unter-
suchung von Licht korrespondiert, das von der
Probenflissigkeit in einem Wellenlangenbe-
reich ausgeht, der auf das Vorhandensein eines
Partikelattributs in der Probenfliissigkeit hindeu-
tet; und

einen Prozessor zum Empfangen der von dem
Durchflusszytometer ausgegebenen Antwort-
daten der Durchflusszytometrie, wobei der Pro-
zessor weiter dafiir ausgelegt ist, eine Vielzahl
von unterschiedlichen Zeitintervallstapeln mit
Datenpunkten der Zeitreihen-Signaldatenspur
separat stapelweise zu verarbeiten zum:

Bestimmen  einer  stapelspezifischen
Rauschcharakteristik fiir den Stapel mit Da-
tenpunkten;

Bestimmen eines  stapelspezifischen
Schwellenwerts der Signalspitze fir den
Stapel mit Datenpunkten als Funktion der
stapelspezifischen Rauschcharakteristik;
und

Identifizieren von Signalspitzen in dem Sta-
pel mit Datenpunkten, die auf das Vorhan-
densein des Partikelattributs in der Proben-
flissigkeit hindeuten, unter Verwendung
von Schwellenwertkriterien, die den stapel-
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spezifischen Schwellenwert der Signalspit-
ze enthalten.

2. System nach Anspruch 1, wobei:

die Zeitreihen-Signaldatenspur eine erste Zeit-
reihen-Signaldatenspur umfasst, wobei das
Partikelattribut ein erstes Partikelattribut um-
fasst und das Licht erstes Licht umfasst, das von
der Probenflissigkeit in einem ersten Wellen-
langenbereich ausgeht, der auf das Vorhan-
densein des ersten Partikelattributs hindeutet;
die Antwortdaten weiter eine zweite Zeitreihen-
Signaldatenspur umfassen, die mit dem Nach-
weis bei der Durchflusszytometrie-Untersu-
chung von Licht korrespondiert, das von der Pro-
benflissigkeit in einem zweiten Wellenlangen-
bereich ausgeht, der auf das Vorhandensein ei-
nes zweiten Partikelattributs in der Probenfliis-
sigkeit hindeutet; und

der Prozessor weiter dafiir ausgelegt ist, eine
Vielzahl von unterschiedlichen Zeitintervallsta-
peln mit Datenpunkten der zweiten Zeitreihen-
Signaldatenspur separat stapelweise zu verar-
beiten, wobei Zeitintervalle von jedem aufeinan-
derfolgenden Stapel mit Datenpunkten der
zweiten Zeitreihen-Signaldatenspur zeitlich mit
Zeitintervallen von jedem aufeinanderfolgenden
Stapel mit Datenpunkte der ersten Zeitreihen-
Signaldatenspur korrespondiert, und wobei der
Prozessor die Vielzahl von unterschiedlichen
Zeitintervallstapeln mit Datenpunkten der zwei-
ten Zeitreihen-Signaldatenspur separat stapel-
weise verarbeitet zum:

Bestimmen  einer  stapelspezifischen
Rauschcharakteristik flir den Stapel mit Da-
tenpunkten der zweiten Zeitreihen-Signal-
datenspur;

Bestimmen eines  stapelspezifischen
Schwellenwerts der Signalspitze fir den
Stapel mit Datenpunkten der zweiten Zeit-
reihen-Signaldatenspur als Funktion der
stapelspezifischen = Rauschcharakteristik
fir den Stapel mit Datenpunkten der zwei-
ten Zeitreihen-Signaldatenspur; und
Identifizieren von Signalspitzen in dem Sta-
pel mit Datenpunkten der zweiten Zeitrei-
hen-Signaldatenspur, die auf das Vorhan-
densein des zweiten Partikelattributs in der
Probenflissigkeit hindeuten, unter Verwen-
dung von Schwellenwertkriterien, die den
stapelspezifischen Schwellenwert der Sig-
nalspitze enthalten.

3. System nach Anspruch 2, wobei das erste Parti-
kelattribut das Vorhandensein von Nukleinsaure um-
fasst und das zweite Partikelattribut das Vorhan-
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densein von Protein umfasst; und
wobei der Prozessor weiter ausgelegt ist zum:

Vergleichen der Zeitpunkte des Auftretens der
identifizierten Signalspitzen in den separat sta-
pelweise verarbeiteten Stapeln mit Datenpunk-
ten der ersten und der zweiten Zeitreihen-Sig-
naldatenspur; und

Aufzeichnen als Vorhandensein eines Zielparti-
kels einer zeitlichen Koinzidenz der identifizier-
ten Signalspitzen in den Stapeln mit Datenpunk-
ten der ersten und der zweiten Zeitreihen-Sig-
naldatenspur.

System nach einem der Anspriiche 2 bis 3, wobei
das erste Licht Licht in einem ersten Wellenlangen-
bereich umfasst, welches eine Fluoreszenzemission
eines ersten Fluoreszenzfarbstoffs ist, wobei das
zweite Licht Licht in einem zweiten Wellenlangen-
bereich umfasst, welches eine Fluoreszenzemission
eines zweiten Fluoreszenzfarbstoffs ist, und wobei
der Prozessor weiter ausgelegt ist zum:

Entfernen von Ubersprechen aus Datenpunkten
eines Stapels, wobei der Prozessor dafilr aus-
gelegt ist, das Ubersprechen gleichzeitig mit der
separaten stapelweisen Verarbeitung des Sta-
pels zu entfernen oder das Ubersprechen vor
der separaten stapelweisen Verarbeitung des
Stapels zu entfernen; und

fir den Fall, dass der Stapel Datenpunkte der
ersten Zeitreihen-Signaldatenspur umfasst, aus
den Datenpunkten, die den Stapel umfassen,
einen korrelierten Prozentsatz einer Grof3e der
zweiten Zeitreihen-Signaldatenspur zu entfer-
nen; und

fir den Fall, dass der Stapel Datenpunkte der
zweiten Zeitreihen-Signaldatenspur umfasst,
aus den Datenpunkten, die den Stapel umfas-
sen, einen korrelierten Prozentsatz einer Grofe
der ersten Zeitreihen-Signaldatenspur zu ent-
fernen, wobei der korrelierte Prozentsatz der
ersten Zeitreihen-Signaldatenspur einen ersten
empirisch abgeleiteten Prozentsatz fiir Uber-
sprechen umfasst, der einem bestimmten
Durchflusszytometermodell zugeordnet ist, das
fur die Untersuchung einer bestimmten Katego-
rie von Partikeln bestimmtist, und wobei der kor-
relierte Prozentsatz der zweiten Zeitreihen-Sig-
naldatenspur einen zweiten empirisch abgelei-
teten Prozentsatz fiir Ubersprechen umfasst,
der einem bestimmten Durchflusszytometermo-
dell zugeordnet ist, das firr die Untersuchung
der bestimmten Kategorie von Partikeln be-
stimmt ist.

System nach einem der Anspriiche 1 bis 4, wobei
der Prozessor weiter ausgelegt ist, in der stapelwei-
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sen Verarbeitung, zum:

Aktualisieren eines Satzes von kollektiven Statisti-
ken fur die Zeitreihen-Signaldatenspur
einschlief3lich Eigenschaften der identifizierten Sig-
nalspitzen von mehreren Stapeln.

System nach Anspruch 5, wobei die Eigenschaften
der identifizierten Signalspitzen einen oder mehrere
umfassen von einem Startpunkt, der einer identifi-
zierten Spitze zugeordnet ist, einem Endpunkt, der
einer identifizierten Spitze zugeordnet ist, einer Brei-
te einer identifizierten Spitze, einem Maximalwert ei-
ner identifizierten Spitze, einem Zeitpunkt des Ma-
ximalwerts einer identifizierten Spitze und einem In-
dikator, ob eine identifizierte Spitze anomal war.

System nach einem der Anspriiche 1 bis 6, wobei
der Prozessor weiter ausgelegt ist, in der stapelwei-
sen Verarbeitung, zum:

Beurteilen, ob eine identifizierte Spitze eine ano-
male Spitze ist; und

Ablehnen von anomalen Spitzen als Spitzen, die
aufdas Vorhandensein des Partikelattributs hin-
deuten;

wobei der Prozessor dafiir ausgelegt ist zu be-
urteilen, ob eine identifizierte Spitze eine ano-
male Spitze ist, indem er fiir jeden Datenpunkt
oberhalb des stapelspezifischen Schwellen-
werts der Signalspitze einen Wert des Daten-
punktes mit einem Anomalieschwellenwert ver-
gleicht, der grofRer ist als der stapelspezifische
Schwellenwert der Signalspitze, wobei Daten-
punkte mit Werten oberhalb des Anomali-
eschwellenwerts als eine anomale Spitze um-
fassend angesehen werden.

System nach einem der Anspriiche 1 bis 7, wobei
der Prozessor zum Bestimmen eines stapelspezifi-
schen Rauschens ausgelegt ist zum:

Bestimmen einer asymmetrischen Gaufl3schen Ver-
teilungsanpassung an einen Abschnitt eines Histo-
gramms der Datenpunkte des Stapels, wobeider Ab-
schnitt des Histogramms asymmetrisch Datenpunk-
te hoher GréRRe im Verhaltnis zu Datenpunkten ge-
ringer GroRe ausschliel3t.

System nach Anspruch 8, wobei:

der Abschnitt des Histogramms Datenpunkte ei-
ner GréRe bis zu einem addierten Inkrement
Uber einer BasisgrofRe umfasst, die einem iden-
tifizierten Maximum fir das Histogramm ent-
spricht, und Datenpunkte mit einer grofieren
GrofRe als das addierte Inkrement iber der Ba-
sisgroRRe ausschlieldt;

der Abschnitt des Histogramms Datenpunkte ei-
ner GroRe bis zu einem subtrahierten Inkrement
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unter der BasisgroRe umfasst und Datenpunkte,
die kleiner als das subtrahierte Inkrement unter
der Basisgrofie sind, ausschlie3t; und

das addierte Inkrement kleiner ist als das sub-
trahierte Inkrement.

System nach Anspruch 9, wobei das subtrahierte
Inkrement mindestens zweimal so groB ist wie das
addierte Inkrement,

wobei das subtrahierte Inkrement nicht kleiner als
das Dreifache eines Einheitsinkrements ist, das
gleich einer GréRendifferenz zwischen der Basisgro-
Re und einer Halbgrofe ist, die kleiner als die Ba-
sisgroe ist und einer halben Zahlenhaufigkeit auf
dem Histogramm im Verhaltnis zu einer Zahlenhau-
figkeit der BasisgroRe entspricht, und

wobei das Histogramm eine Reihe von Datengrup-
pen umfasst, wobei jede Datengruppe alle Daten-
punkte in dem Stapel innerhalb eines festen Gro-
Renbereichs enthalt und die BasisgroRe einer GréRe
innerhalb des Bereichs einer Gruppe entspricht, die
eine maximale Zahlenhaufigkeit von Datenpunkten
aller Gruppen enthalt.

System nach einem der Anspriiche 8 bis 10, wobei
der stapelspezifische Schwellenwert der Signalspit-
ze nicht kleiner ist als der Mittelwert der asymmetri-
schen GauRschen Verteilungsanpassung plus das
Dreifache der Standardabweichung der asymmetri-
schen GaulRschen Verteilungsanpassung.

System nach einem der Anspriiche 1 bis 11, wobei
das Durchflusszytometer weiter umfasst:

eine Durchfluss-Messzelle;

zumindest eine Lichtquelle;

eine Fluiddruckvorrichtung zum Beaufschlagen
mit Druck der Probenfliissigkeit, um die Proben-
flissigkeit durch die Durchfluss-Messzelle zu
leiten, wo die Probenflissigkeit einem Anre-
gungslicht von der zumindest einen Lichtquelle
ausgesetzt wird; und

einen oder mehrere Fotodetektoren zum sepa-
raten Erkennen von mindestens zwei unter-
schiedlichen Wellenldangen des Antwortlichts,
das von der Probenflissigkeit in der Durchfluss-
Messzelle ausgesendet werden.

System nach einem der Anspriiche 1 bis 12, wobei
der Prozessor ausgelegt ist zum Durchfilhren der
stapelweisen Verarbeitung gleichzeitig mit der Un-
tersuchung der Probenflissigkeit in der Durchfluss-
Messzelle, das weiter eine Anzeigevorrichtung um-
fasst, wobei der Prozessor weiter ausgelegt ist zum
Anzeigen von Ergebnissen der stapelweisen Verar-
beitung auf der Anzeigevorrichtung gleichzeitig mit
der Untersuchung der Probenflissigkeit in der
Durchfluss-Messzelle, und wobei die Ergebnisse ei-
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ne Konzentration von Partikeln enthalten, die unter
Verwendung von kollektiven Statistiken und einer
gemessenen Durchflussmenge der Probenflissig-
keit in der Durchfluss-Messzelle berechnet wird.

Verfahren zum Auswerten von Partikelattributen in
einer Probenflissigkeit, die einer Durchflusszytome-
trie-Untersuchung in einem Durchflusszytometer
unterzogen wird, wobei das Verfahren umfasst:

Verarbeiten der Antwortdaten der Durchflusszy-
tometrie-Untersuchung, welche von dem
Durchflusszytometer erzeugt werden, wobei die
Antwortdaten eine Zeitreihen-Signaldatenspur
umfassen, die mit dem Nachweis bei der Durch-
flusszytometrie-Untersuchung von Licht korres-
pondiert, das von der Probenflissigkeitin einem
Wellenlangenbereich ausgeht, der auf das Vor-
handensein eines Partikelattributs in der Pro-
benflissigkeit hindeutet, wobei die Verarbei-
tung die separate stapelweise Verarbeitung ei-
ner Vielzahl von unterschiedlichen Zeitintervall-
stapeln mit Datenpunkten der Zeitreihen-Sig-
naldatenspur umfasst, wobei die stapelweise
Verarbeitung von jedem der Stapel mit Daten-
punkten umfasst:

Bestimmen einer  stapelspezifischen
Rauschcharakteristik fiir den Stapel mit Da-
tenpunkten;

Bestimmen eines  stapelspezifischen

Schwellenwerts der Signalspitze fir den
Stapel mit Datenpunkten als Funktion der
stapelspezifischen Rauschcharakteristik;
und

Identifizieren von Signalspitzen in dem Sta-
pel mit Datenpunkten, die auf das Vorhan-
densein des Partikelattributs in der Proben-
flissigkeit hindeuten, unter Verwendung
von Schwellenwertkriterien, die den stapel-
spezifischen Schwellenwert der Signalspit-
ze enthalten.

Verfahren nach Anspruch 14, wobei:

die Zeitreihen-Signaldatenspur eine erste Zeit-
reihen-Signaldatenspur umfasst, wobei das
Partikelattribut ein erstes Partikelattribut um-
fasst und das Licht erstes Licht umfasst, das von
der Probenflissigkeit in einem ersten Wellen-
langenbereich ausgeht, der auf das Vorhan-
densein des ersten Partikelattributs hindeutet;
die Antwortdaten weiter eine zweite Zeitreihen-
Signaldatenspur umfassen, die mit dem Nach-
weis bei der Durchflusszytometrie-Untersu-
chung von zweitem Licht korrespondiert, das
von der Probenfliissigkeit in einem zweiten Wel-
lenlangenbereich ausgeht, der auf das Vorhan-
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densein eines zweiten Partikelattributs in der
Probenflissigkeit hindeutet; und

wobei das Verfahren weiter umfasst:
separates stapelweises Verarbeiten einer Viel-
zahl von unterschiedlichen Zeitintervallstapeln
mit Datenpunkten der zweiten Zeitreihen-Sig-
naldatenspur, wobei Zeitintervalle von jedem
aufeinanderfolgenden Stapel mit Datenpunkten
der zweiten Zeitreihen-Signaldatenspur zeitlich
mit Zeitintervallen von jedem aufeinanderfol-
genden Stapel mit Datenpunkten der ersten
Zeitreihen-Signaldatenspur  korrespondieren,
wobei das stapelweise Verarbeiten jedes Sta-
pels mit Datenpunkten der zweiten Zeitreihen-
Signaldatenspur umfasst:

Bestimmen  einer  stapelspezifischen
Rauschcharakteristik fiir den Stapel mit Da-
tenpunkten der zweiten Zeitreihen-Signal-
datenspur;

Bestimmen eines  stapelspezifischen
Schwellenwerts der Signalspitze fir den
Stapel mit Datenpunkten der zweiten Zeit-
reihen-Signaldatenspur als Funktion der
stapelspezifischen Rauschcharakteristik
fir den Stapel mit Datenpunkten der zwei-
ten Zeitreihen-Signaldatenspur; und
Identifizieren von Signalspitzen in dem Sta-
pel mit Datenpunkten der zweiten Zeitrei-
hen-Signaldatenspur, die auf das Vorhan-
densein des zweiten Partikelattributs in der
Probenflissigkeit hindeuten, unter Verwen-
dung von Schwellenwertkriterien, die den
stapelspezifischen Schwellenwert der Sig-
nalspitze enthalten.

Verfahren nach Anspruch 14 oder Anspruch 15, wo-
bei das stapelweise Verarbeiten weiter umfasst:
Aktualisieren eines Satzes von kollektiven Statisti-
ken fir die Zeitreihen-Signaldatenspur mit Eigen-
schaften der identifizierten Signalspitzen von meh-
reren Stapeln, wobei die Eigenschaften der identifi-
zierten Signalspitzen einen oder mehrere umfassen
von einem Startpunkt, der einer identifizierten Spitze
zugeordnet ist, einem Endpunkt, der einer identifi-
zierten Spitze zugeordnet ist, einer Breite einer iden-
tifizierten Spitze, einem Maximalwert einer identifi-
zierten Spitze, einem Zeitpunkt des Maximalwerts
einer identifizierten Spitze und einem Indikator, ob
eine identifizierte Spitze anomal war.

Verfahren nach einem der Anspriiche 14 bis 16, wo-
bei das Bestimmen einer stapelspezifischen
Rauschcharakteristik umfasst:

Bestimmen einer asymmetrischen Gaul3schen Ver-
teilungsanpassung an einen Abschnitt eines Histo-
gramms der Datenpunkte des Stapels, wobei der Ab-
schnitt des Histogramms asymmetrisch Datenpunk-
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te hoher GréRRe im Verhéltnis zu Datenpunkten ge-
ringer GroRe ausschliefl3t, und wobei:

der Abschnitt des Histogramms Datenpunkte ei-
ner GroRe bis zu einem addierten Inkrement
Uber einer BasisgroRRe umfasst, die einem iden-
tifizierten Maximum fir das Histogramm ent-
spricht, und Datenpunkte mit einer grofieren
GroRe als das addierte Inkrement iber der Ba-
sisgroRRe ausschlieldt;

der Abschnitt des Histogramms Datenpunkte ei-
ner GroRe bis zu einem subtrahierten Inkrement
unter der Basisgrofe umfasstund Datenpunkte,
die kleiner als das subtrahierte Inkrement unter
der Basisgrofie sind, ausschlie3t; und

das addierte Inkrement kleiner als das subtra-
hierte Inkrement ist, wobei das subtrahierte In-
krementmindestens zweimal so groR ist wie das
addierte Inkrement.

18. Verfahren nach einem der Anspriiche 14 bis 17, wo-

beidas Durchflusszytometer das Durchflusszytome-
tersystem nach Anspruch 12 oder Anspruch 13 ist
und das Verfahren das DurchflieRen der Probenflis-
sigkeit durch die Durchfluss-Messzelle und das Be-
strahlen der Probenfliissigkeit mit dem Anregungs-
licht umfasst.

Revendications

Systeme de cytomeétre en flux comprenant :

un instrument de cytométre en flux utilisable
pourdélivrer des données de réponse d’examen
de cytométrie de flux, les données de réponse
comprenant une trace de données de signal en
série temporelle correspondant a la détection,
lors de 'examen de cytométrie de flux, d’'une
lumiére provenant du fluide échantillon dans
une gamme de longueurs d’onde indiquant la
présence d’'un attribut de particule dans le fluide
échantillon ; et

un processeur utilisable pour recevoir les don-
nées de réponse de cytométrie de flux délivrées
par I'instrument de cytomeétre en flux, le proces-
seur étant en outre utilisable pour traiter sépa-
rément par lots une pluralité de lots d’intervalles
de temps différents de points de données de la
trace de données de signal en série temporelle
pour :

déterminer une caractéristique de bruit spé-
cifique au lot pour ledit lot de points de
données ;

déterminer un seuil de créte de signal spé-
cifique au lot pour ledit lot de points de don-
nées en fonction de la caractéristique de
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bruit spécifique au lot ; et

identifier des crétes de signal dans ledit lot
de points de données indiquant la présence
de lattribut de particule dans le fluide
échantillon en utilisant des critéres de seuil
comportant le seuil de créte de signal spé-
cifique au lot.

2. Systeme selon la revendication 1, dans lequel :

la trace de données de signal en série tempo-
relle comprend une premiére trace de données
de signal en série temporelle, 'attribut de parti-
cule comprend un premier attribut de particule
et la lumiére comprend une premiere lumiére
provenant du fluide échantillon dans une pre-
miére gamme de longueurs d’onde indiquant la
présence du premier attribut de particule ;

les données de réponse comprennent en outre
une deuxieme trace de données de signal en
série temporelle correspondant a la détection,
lors de I'examen de cytométrie de flux d’'une lu-
miere provenant du fluide échantillon dans une
deuxiéeme gamme de longueurs d’'onde indi-
quantlaprésence d’'un deuxiéme attributde par-
ticule dans le fluide échantillon ; et

le processeur est en outre utilisable pour traiter
séparément par lots une pluralité de lots d’inter-
valles de temps différents de points de données
de la deuxieme trace de données de signal en
série temporelle, dans lequel des intervalles de
temps de chaque lot successif de points de don-
nées de la deuxiéme trace de données de signal
en série temporelle correspondent dans le
temps a des intervalles de temps de chaque lot
successif de points de données de la premiére
trace de données de signal en série temporelle,
et dans lequel ledit processeur traite séparé-
ment par lots la pluralité de lots d’intervalles de
temps différents de points de données de la
deuxiéme trace de données de signal en série
temporelle pour :

déterminer une caractéristique de bruit spé-
cifique au lot pour ledit lot de points de don-
nées de la deuxieme trace de données de
signal en série temporelle ;

déterminer un seuil de créte de signal spé-
cifique au lot pour ledit lot de points de don-
nées de la deuxieme trace de données de
signal en série temporelle en fonction de la
caractéristique de bruit spécifique au lot
pour ledit lot de points de données de la
deuxiéme trace de données de signal en
série temporelle ; et

identifier des crétes de signal dans ledit lot
de points de données de la deuxieéme trace
de données de signal en série temporelle
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indiquant la présence du deuxiéme attribut
de particule dans le fluide échantillon en uti-
lisant des critéres de seuil comportant le
seuil de créte de signal spécifique au lot.

3. Systeme selon la revendication 2, dans lequel ledit

premier attribut de particule comprend la présence
d’un acide nucléique et le deuxieéme attribut de par-
ticule comprend la présence d’une protéine ; et,
dans lequel ledit processeur est en outre utilisable
pour :

comparer les temps d’occurrence des crétes de
signal identifiées dans lesdits lots traités sépa-
rément par lots de points de données des pre-
miere et deuxieéme traces de données de signal
en série temporelle ; et,

enregistrer, comme présence d’une particule ci-
ble, une coincidence temporelle de crétes de
signal identifiées dans les lots de points de don-
nées des premiere et deuxieme traces de don-
nées de signal en série temporelle.

Systeme selon 'une quelconque des revendications
2 et 3, dans lequel la premiére lumiére comprend
une lumiere dans une premiére gamme de longueurs
d’onde qui est une émission fluorescente d’'une pre-
miére tache fluorescente, dans lequel la deuxiéme
lumiére comprend une lumiére dans une deuxiéme
gamme de longueurs d’onde qui est une émission
fluorescente d’une deuxiéme tache fluorescente, et
dans lequel ledit processeur est en outre utilisable
pour :

supprimer une intermodulation de points de
données dudit lot, dans lequel ledit processeur
est utilisable pour supprimer ladite intermodula-
tion en méme temps que ledit traitement sépa-
rément par lots dudit lot ou pour supprimer ladite
intermodulation avant ledit traitement séparé-
ment par lots dudit lot ; et,

dans le cas ou ledit lot est constitué de points
de données de la premiére trace de données de
signal en série temporelle, supprimer, de points
de données comprenant ledit lot, un pourcenta-
ge corrélé d’'une amplitude de la deuxieme trace
de données de signal en série temporelle ; et
dans le cas ou ledit lot est constitué de points
de données de la deuxiéeme trace de données
de signal en série temporelle, supprimer, de
points de données comprenant ledit lot, un pour-
centage corrélé d’'une amplitude de la premiéere
trace de données de signal en série temporelle,
dans lequel le pourcentage corrélé de la premie-
re trace de données de signal en série tempo-
relle comprend un premier pourcentage d’inter-
modulation dérivé empiriquement associé a un
modele particulier d’un instrument de cytométre
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en flux destiné a examiner une catégorie parti-
culiere de particules, et dans lequel le pourcen-
tage corrélé de la deuxiéme trace de données
de signal en série temporelle comprend un
deuxiéme pourcentage d’intermodulation dérivé
empiriquement associé a un modéle particulier
d’un instrument de cytomeétre en flux destiné a
examiner la catégorie particuliere de particules.

Systeme selon I'une quelconque des revendications
1 a 4, dans lequel ledit processeur est en outre uti-
lisable dans ledit traitement par lots pour :

mettre a jour un ensemble de statistiques collectives
pour la trace de données de signal en série tempo-
relle comportant des caractéristiques des crétes de
signal identifiées provenant de lots multiples.

Systeme selon la revendication 5, dans lequel les
caractéristiques des crétes de signal identifiées
comprennent un ou plusieurs parmi un point de dé-
part associé a une créte identifiée, un point d’arrivée
associé a une créte identifiée, une largeur d’une cré-
te identifiée, une valeur maximale d’une créte iden-
tifiee, un temps de la valeur maximale d’'une créte
identifiée, et un indicateur permettant de savoir si
une créte identifiée était anormale.

Systeme selon I'une quelconque des revendications
1 a 6, dans lequel ledit processeur est en outre uti-
lisable dans ledit traitement par lots pour :

évaluer si une créte identifiée est une créte
anormale ; et

rejeter les crétes anormales comme des crétes
indiquant la présence de I'attribut de particule ;
dans lequel ledit processeur est utilisable pour
évaluer siune créte identifiée estune créte anor-
male en comparant, pour chaque point de don-
nées au-dessus du seuil de créte de signal spé-
cifique au lot, une valeur du point de données
avec un seuil d’'anomalie qui est supérieur au
seuil de créte de signal spécifique au lot, dans
lequel les points de données ayant des valeurs
supérieures au seuil d’'anomalie sontconsidérés
comme comprenant une créte anormale.

Systeme selon I'une quelconque des revendications
1 a7, dans lequel, pour déterminer un bruit spécifi-
que au lot, ledit processeur est utilisable pour :
déterminer un ajustement de distribution gaussienne
asymétrique a une partie d'un histogramme des
points de données du lot, dans lequel la partie de
I'histogramme exclut asymétriquement des points
de données a grande amplitude par rapport a des
points de données a faible amplitude.

Systeme selon la revendication 8, dans lequel :
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10.

1.

12.

la partie de I'histogramme inclut des points de
données d’'une amplitude vers le haut pour un
incrément ajouté au-dessus d’'une amplitude de
base correspondant a un maximum identifié
pour I'histogramme et exclut des points de don-
nées d’'une amplitude supérieure a l'incrément
ajouté au-dessus de 'amplitude de base ;

la partie de I'histogramme inclut des points de
données d’'une amplitude vers le bas pour un
incrément soustrait en dessous de I'amplitude
de base et exclut des points de données infé-
rieurs a l'incrément soustrait en dessous de
I'amplitude de base ; et

incrément ajouté est inférieur a I'incrément
soustrait.

Systeme selon la revendication 9, dans lequel I'in-
crément soustrait est au moins deux fois plus impor-
tant que l'incrément ajouté,

dans lequel I'incrément soustrait n’est pas inférieur
a trois fois un incrément unitaire qui est égal a une
différence d’amplitude entre I'amplitude de base et
une demi-amplitude qui est inférieure a I'amplitude
de base et qui correspond a une fréquence de moitié
de nombre sur I'histogramme par rapport a une fré-
quence de nombre de I'amplitude de base, et

dans lequel I'histogramme comprend une série de
cellules de données, dans lequel chacune desdits
cellules de données contient tous les points de don-
nées du lot dans une gamme fixe d’amplitudes et
'amplitude de base correspond a une amplitude
dans lagamme d’une desdites cellules qui comporte
une fréquence maximale de nombre de points de
données de toutes lesdites cellules.

Systeme selon 'une quelconque des revendications
8 a 10, dans lequel le seuil de créte de signal spé-
cifique au lot n’est pas inférieur a la moyenne de
I'ajustement de distribution gaussienne asymétrique
plus trois fois I'écart-type de I'ajustement de distri-
bution gaussienne asymétrique.

Systeme selon 'une quelconque des revendications
1a 11, dans lequel I'instrument de cytomeétre en flux
comprend en outre :

une cellule de flux ;

au moins une source de lumiére ;

un dispositif de pressurisation de fluide utilisable
pour pressuriser le fluide échantillon pour diriger
le fluide échantillon a travers la cellule de flux
ou le fluide échantillon est soumis a une lumiere
d’excitation provenant de ladite au moins une
source de lumiére ; et

un ou plusieurs photodétecteurs utilisables pour
détecter séparément au moins deux longueurs
d’onde de lumiére de réponse différentes émi-
ses par le fluide échantillon dans la cellule de
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flux.

Systeme selon I'une quelconque des revendications
1 a 12, dans lequel ledit processeur est utilisable
pour effectuer ledit traitement par lots en méme
temps que I'examen du fluide échantillon dans la cel-
lule de flux, comprenant en outre un dispositif d’af-
fichage, dans lequel ledit processeur est en outre
utilisable pour afficher des résultats dudit traitement
par lots sur ledit dispositif d’affichage en méme
temps que I'examen du fluide échantillon dans la cel-
lule de flux, et dans lequel les résultats comportent
une concentration de particules calculée en utilisant
des statistiques collectives et un débit mesuré du
fluide échantillon dans la cellule de flux.

Procédé d’évaluation d’attributs de particules dans
un fluide échantillon soumis a un examen de cyto-
métrie de flux dans un instrument de cytométre en
flux, le procédé comprenant :

le traitement de données de réponse d’examen de
cytométrie de flux générées par l'instrument de cy-
tometre enflux, les données de réponse comprenant
une trace de données de signal en série temporelle
correspondant a la détection, lors de 'examen de
cytométrie de flux d’une lumiére provenant du fluide
échantillon dans une gamme de longueurs d’onde
indiquant la présence d’'un attribut de particule dans
le fluide échantillon, le traitement comprenant le trai-
tement séparément par lots d’une pluralité de lots
d’intervalles de temps différents de points de don-
nées de la trace de données de signal en série tem-
porelle, ledit traitement par lots de chacun dudit lot
de points de données comprenant :

la détermination d’'une caractéristique de bruit
spécifique au lot pour ledit lot de points de
données ;

la détermination d’'un seuil de créte de signal
spécifique au lot pour ledit lot de points de don-
nées en fonction de la caractéristique de bruit
spécifique au lot ; et

l'identification de crétes de signal dans ledit lot
de points de données indiquant la présence de
I'attribut de particule dans le fluide échantillon
en utilisant des critéres de seuil comportant le
seuil de créte de signal spécifique au lot.

Procédé selon la revendication 14, dans lequel :

la trace de données de signal en série tempo-
relle comprend une premiére trace de données
de signal en série temporelle, 'attribut de parti-
cule comprend un premier attribut de particule
et la lumiére comprend une premiere lumiére
provenant du fluide échantillon dans une pre-
miére gamme de longueurs d’onde indiquant la
présence du premier attribut de particule ;
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les données de réponse comprennent en outre
une deuxieme trace de données de signal en
série temporelle correspondant a la détection,
lors de I'examen de cytométrie de flux d'une
deuxiéme lumiére provenant du fluide échan-
tillon dans une deuxieme gamme de longueurs
d’onde indiquant la présence d’un deuxiéme at-
tribut de particule dans le fluide échantillon ; et
le procédé comprend en outre :

le traitement séparément par lots d’une pluralité
delots d’intervalles de temps différents de points
de données de la deuxieme trace de données
de signal en série temporelle, dans lequel des
intervalles de temps de chaque lot successif de
points de données de la deuxieme trace de don-
nées de signal en série temporelle correspon-
dent dans le temps a des intervalles de temps
de chaque lot successif de points de données
de ladite premiére trace de données de signal
en série temporelle, ledit traitement par lots de
chacun dudit lot de points de données de la
deuxieme trace de données de signal en série
temporelle comprenant :

la détermination d’'une caractéristique de
bruit spécifique au lot pour ledit lot de points
de données de la deuxieme trace de don-
nées de signal en série temporelle ;

la détermination d’un seuil de créte de si-
gnal spécifique au lot pour ledit ot de points
de données de la deuxieme trace de don-
nées de signal en série temporelle en fonc-
tion de la caractéristique de bruit spécifique
au lot pour ledit lot de points de données de
la deuxiéme trace de données de signal en
série temporelle ; et

I'identification de crétes de signal dans ledit
lot de points de données de la deuxiéme
trace de données de signal en série tempo-
relle indiquant la présence du deuxiéme at-
tribut de particule dans le fluide échantillon
en utilisant des critéres de seuil comportant
le seuil de créte de signal spécifique au lot.

16. Procédé selon la revendication 14 ou la revendica-

tion 15, dans lequel ledit traitement par lots com-
prend en outre :

la mise a jour d’'un ensemble de statistiques collec-
tives pour la trace de données de signal en série
temporelle comportant des caractéristiques des cré-
tes de signal identifiées provenant de lots multiples,
dans lequel les caractéristiques des crétes de signal
identifiées comprennent un ou plusieurs parmi un
point de départ associé a une créte identifiée, un
point d’arrivée associé a une créte identifiée, une
largeur d’une créte identifiée, une valeur maximale
d’une créte identifiée, un temps de la valeur maxi-
male d’une créte identifiée, et un indicateur permet-
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tant de savoir si une créte identifiée était anormale.

Procédé selon I'une quelconque des revendications
14 a 16, dans lequel ladite détermination d’une ca-
ractéristique de bruit spécifique au lot comprend :
la détermination d’un ajustement de distribution
gaussienne asymétrique a une partie d’'un histo-
gramme des points de données du lot, dans lequel
la partie de I'histogramme exclut asymétriquement
des points de données a grande amplitude par rap-
port a des points de données a faible amplitude, et
dans lequel :

la partie de I'histogramme inclut des points de
données d’'une amplitude vers le haut pour un
incrément ajouté au-dessus d’'une amplitude de
base correspondant a un maximum identifié
pour I'histogramme et exclut des points de don-
nées d’une amplitude supérieure a I'incrément
ajouté au-dessus de 'amplitude de base ;

la partie de I'histogramme inclut des points de
données d’'une amplitude vers le bas pour un
incrément soustrait en dessous de I'amplitude
de base et exclut des points de données infé-
rieurs a l'incrément soustrait en dessous de
'amplitude de base ; et

lincrément ajouté est inférieur a I'incrément
soustrait, dans lequel I'incrément soustrait est
au moins deux fois plus important que l'incré-
ment ajouté.

Procédé selon I'une quelconque des revendications
14 a 17, dans lequel l'instrument de cytométre en
flux est le systéme de cytometre en flux selon la re-
vendication 12 ou la revendication 13, et le procédé
comprend I'écoulement du fluide échantillon a tra-
vers la cellule de flux et la soumission du fluide
échantillon a la lumiere d’excitation.
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