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SYSTEMS, METHODS, AND APPARATUSES TO IMAGE A
SAMPLE FOR BIOLOGICAL OR CHEMICAL ANALYSIS

BACKGROUND OF THE INVENTION

[0002] Embodiments of the present invention relate generally to biological or
chemical analysis and more particularly, to assay systems having fluidic devices, optical

assemblies, and/or other apparatuses that may be used in detecting desired reactions in a

sample.

[0003] Various assay protocols used for biological or chemical research are
concerned with performing a large number of controlled reactions. In some cases, the
controlled reactions are performed on support surfaces. The desired reactions may then
be observed and analyzed to help identify properties or characteristics of the chemicals
involved in the desired reaction. For example, in some protocols, a chemical moiety that
includes an 1dentifiable label (e.g., fluorescent label) may selectively bind to another

chemical moiety under controlled conditions. These chemical reactions may be observed
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by exciting the labels with radiation and detecting light emissions from the labels. The

light emissions may also be provided through other means, such as chemiluminescence.

[0004] Examples of such protocols include DNA sequencing. In one
sequencing-by-synthesis (SBS) protocol, clusters of clonal amplicons are formed through
bridge PCR on a surface of a flow channel. After generating the clusters of clonal
amplicons, the amplicons may be "linearized" to make single stranded DNA (sstDNA).
A series of reagents 1s flowed into the flow cell to complete a cycle of sequencing. Each
sequencing cycle extends the sstDNA by a single nucleotide (e.g., A, T, G, C) having a
unique fluorescent label. Each nucleotide has a reversible terminator that allows only a
single-base incorporation to occur in one cycle. After nucleotides are added to the
sstDNAs clusters, an image 1n four channels 1s taken (1.e., one for each fluorescent label).
After imaging, the fluorescent label and the terminator are chemically cleaved from the
sstDNA and the growing DNA strand 1s ready for another cycle. Several cycles of
reagent delivery and optical detection can be repeated to determine the sequences of the

clonal amplicons.

[0005] However, systems configured to perform such protocols may have
limited capabilities and may not be cost-effective. Thus, there 1s a general need for
improved systems, methods, and apparatuses that are capable of performing or being used
during assay protocols, such as the SBS protocol described above, in a cost-effective,

simpler, or otherwise improved manner.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In accordance with one embodiment, a fluidic device for analyzing
samples 1s provided. The fluidic device includes a tflow cell having inlet and outlet ports
and a flow channel extending therebetween. The flow cell 1s configured to hold a
sample-of-interest. The fluidic device also includes a housing having a reception space

that 1s configured to receive the flow cell. The reception space 1s sized and shaped to
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permit the flow cell to float relative to the housing. The fluidic device also includes a
ogasket that 1s coupled to the housing. The gasket has inlet and outlet passages and
comprises a compressible material. The gasket 1s positioned relative to the reception
space so that the inlet and outlet ports of the tflow cell are approximately aligned with the

inlet and outlet passages of the gasket, respectively.

[0007] In another embodiment, a removable cartridge configured to hold and
facilitate positioning a flow cell for imaging 1s provided. The cartridge includes a
removable housing that has a reception space configured to hold the flow cell
substantially within an object plane. The housing includes a pair of housing sides that
face 1n opposite directions. The reception space extends along at least one of the housing
sides so that the flow cell 1s exposed to an exterior of the housing through said at least
one of the housing sides. The cartridge also includes a cover member that 1s coupled to
the housing and includes a gasket. The gasket has inlet and outlet passages and
comprises a compressible material. The gasket 1s configured to be mounted over an

exposed portion of the flow cell when the tflow cell 1s held by the housing.

[0008] In yet another embodiment, a method of positioning a fluidic device for
sample analysis 1s provided. The method includes positioning a removable fluidic device
on a support surface of an imaging system. The device has a reception space, a flow cell
located within the reception space, and a gasket. The flow cell extends along an object
plane 1n the reception space and 1s floatable relative to the gasket within the object plane.
The method also includes moving the flow cell within the reception space while on the
support surface so that inlet and outlet ports of the flow cell are approximately aligned

with inlet and outlet passages of the gasket.

[0009] In another embodiment, a method of positioning a fluidic device for
sample analysis 1s provided. The method includes providing a fluidic device having a
housing that includes a reception space and a floatable flow cell located within the

reception space. The housing has recesses that are located immediately adjacent to the
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reception space. The method also includes positioning the fluidic device on a support
structure having alignment members. The alignment members are inserted through
corresponding recesses. The method also includes moving the flow cell within the
reception space. The alignment members engage edges of the flow cell when the flow

cell 1s moved within the reception space.

[0010] In another embodiment, a fluidic device holder i1s provided that 1is
configured to orient a sample area with respect to mutually perpendicular X, Y, and Z-
axes. The device holder includes a support structure that 1s configured to recetve a fluidic
device. The support structure includes a base surface that faces in a direction along the
Z-axis and 1s configured to have the device positioned thereon. The device holder also
includes a plurality of reference surfaces in respective directions along an XY-plane and
an alignment assembly that includes an actuator and a movable locator arm that is
operatively coupled to the actuator. The locator arm has an engagement end. The
actuator moves the locator arm between retracted and biased positions to move the
engagement end toward and away from the reference surfaces. The locator arm 1s
configured to hold the device against the reference surfaces when the locator arm 1s in the

biased position.

[0011] In another embodiment, a fluidic device holder 1s provided that includes
a support structure having a loading region for receiving a fluidic device. The support
structure 1ncludes a base surface that partially defines the loading region and 1s
configured to have the device positioned thereon. The device holder includes a cover
assembly that 1s coupled to the support structure and 1s configured to be removably
mounted over the device. The cover assembly includes a cover housing having housing
legs and a bridge portion that joins the housing legs. The housing legs extend 1n a
common direction and have a viewing space that 1s located therebetween. The viewing

space 1s positioned above the loading region.
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[0012] In another embodiment, a method for orienting a sample area with
respect to mutually perpendicular X, Y, and Z-axes 1s provided. The method includes
providing an alignment assembly that has a movable locator arm having an engagement
end. The locator arm 1s movable between retracted and biased positions. The method
also includes positioning a fluidic device on a base surface that faces in a direction along
the Z-axi1s and between a plurality of reference surfaces that face in respective directions
along an XY-plane. The device has a sample area. The method also includes moving the
locator arm to the biased position. The locator arm presses the device against the

reference surfaces such that the device 1s held 1n a fixed position.

[0013] In yet another embodiment, an optical assembly 1s provided that includes
a base plate having a support side and a component-receiving space along the support
side. The component-receiving space 1s at least partially defined by a reference surface.
The optical assembly also includes an optical component having an optical surface that 1s
configured to reftlect light or transmit light therethrough. The optical assembly also
includes a mounting device that has a component retainer and a biasing element that 1s
operatively coupled to the retainer. The retainer holds the optical component so that a
space portion of the optical surface faces the reference surface and a path portion of the
optical surface extends beyond the support side into an optical path. The biasing element
provides an alignment force that holds the optical surface against the reference surface.
In particular embodiments, the component-receiving space 1S a component cavity
extending a depth into the base plate from the support side of the base plate. The optical
and reference surfaces can have predetermined contours that are configured to position

the optical surface 1in a predetermined orientation.

[0014] In another embodiment, a method of assembling an optical train 1s
provided. The method includes providing a base plate that has a support side and a
component-receiving space along the support side. The component-receiving space 1s at
least partially defined by a reference surface. The method also includes inserting an

optical component into the component-recerving space. The optical component has an
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optical surface that 1s configured to reflect light or transmit light therethrough. The
optical surface has a space portion that faces the reference surface and a path portion that
extends beyond the support side into an optical path. The method also includes providing
an alignment force that holds the optical surface against the reference surface. In
particular embodiments, the component-receiving space 1s a component cavity extending
a depth into the base plate from the support side of the base plate. The optical and
reference surfaces can have predetermined contours that are configured to position the

optical surface 1in a predetermined orientation.

[0015] In another embodiment, an optical 1maging system 1s provided that
includes an object holder to hold and move an object and a detector to detect optical
signals from the object at a detector surface. The imaging system also includes an optical
train that 1s configured to direct the optical signals onto the detector surface. The optical
train has an object plane that 1s proximate to the object holder and an image plane that 1s
proximate to the detector surtace. The optical train includes a mirror that 1s rotatable
between an 1imaging position and a focusing position. The imaging system also includes
an 1mage analysis module that 1s configured to analyze a test image detected at the
detector surface when the mirror 1s 1in the focusing position. The test image has an
optimal degree-of-focus at a focused location 1n the test image. The focused location in
the test 1image 1s indicative of a position of the object with respect to the object plane.
The object holder 1s configured to move the object toward the object plane based on the

focused location.

[0016] In another embodiment, a method for controlling focus of an optical
1maging system 1s provided. The method includes providing an optical train that 1s
configured to direct optical signals onto a detector surface. The optical train has an
object plane that 1s proximate to an object and an 1mage plane that 1s proximate to the
detector surface. The optical train includes a mirror that 1s rotatable between an imaging
position and a focusing position. The method also includes rotating the mirror to the

focusing position and obtaining a test image of the object when the mirror 1s 1n the
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focusing position. The test image has an optimal degree-of-focus at a focused location 1n
the test image. The focused location 1s indicative of a position of the object with respect
to the object plane. The method also includes moving the object toward the object plane

based on the tocused location.

[0017] In another embodiment, an optical imaging system 1s provided that
includes a sample holder configured to hold a flow cell. The flow cell includes a tlow
channel having a sample area. The 1maging system also includes a flow system that 1s
coupled to the tflow cell and configured to direct reagents through the tflow channel to the
sample area. The imaging system also includes an optical train that 1s configured to
direct excitation light onto the sample area and first and second light sources. The first
and second light sources have fixed positions with respect to the optical train. The first
and second light sources provide first and second optical signals, respectively, for
exciting the biomolecules. The imaging system also includes a system controller that 1s
communicatively coupled to the first and second light sources and to the tlow system.
The controller 1s configured to activate the flow system to flow the reagents to the sample
area and activate the first and second light sources after a predetermined synthesis time
period. The light sources can be, for example, lasers or semiconductor light sources

(SLSs), such as laser diodes or light emitting diodes (LEDs).

[0018] In another embodiment, a method of performing a biological assay 1s
provided. The method includes flowing reagents through a flow channel having a sample
area. The sample area includes biomolecules that are configured to chemically react with
the reagents. The method also includes illuminating the sample area with first and
second light sources. The first and second light sources provide first and second optical
signals, respectively. The biomolecules provide light emissions indicative of a binding
reaction when illuminated by the first or second light sources. The method also includes
detecting the light emissions from the sample area.  The light sources can be, for

example, lasers or semiconductor light sources (SLSs), such as a laser diodes or light

emitting diodes (LEDs).
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[0019] In another embodiment, a flow cell 1s provided that includes a first layer
that has a mounting surface and an outer surface that face in opposite directions and that
define a thickness therebetween. The flow cell also includes a second layer having a
channel surface and an outer surface that face in opposite directions and that define a
thickness therebetween. The second layer has a grooved portion that extends along the
channel surface. The channel surface of the second layer 1s secured to the mounting
surface. The flow cell also includes a flow channel that 1s defined by the grooved portion
of the channel surface and a planar section of the mounting surface. The flow channel
includes an 1maging portion. The thickness of the second layer 1s substantially uniform
along the 1imaging portion and 1s configured to transmit optical signals therethrough. The
thickness of the first layer 1s substantially uniform along the 1maging portion and 1is

configured to permit uniform transfer of thermal energy therethrough.

[0020] In another embodiment, a light source module 1s provided that includes a
module frame having a light passage and a light source that 1s secured to the module
frame and oriented to direct optical signals through the light passage along an optical
path. The light source module also includes an optical component that 1s secured to the
module frame and has a fixed position and predetermined orientation with respect to the
light source. The optical component 1s located within the light passage such that the

optical component 1s within the optical path.

[0021] In another embodiment, an excitation light module 1s provided that
includes a module frame and first and second semiconductor light sources (SLSs) that are
secured to the module frame. The first and second SLSs have fixed positions with
respect to each other. The first and second SLSs are configured to provide different
excitation optical signals. The excitation light module also includes an optical
component that 1s secured to the module frame and has a fixed position and
predetermined orientation with respect to the first and second SLSs. The optical

component permits the optical signals from the first SLS to transmit therethrough and
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reflects the optical signals from the second SLS. The reflected and transmitted optical

signals are directed along a common path out of the module frame.

[0022] In one embodiment, a method of performing a biological or chemical
assay 1s provided. The method includes establishing a fluid connection between a fluidic
device having a sample area and a reaction component storage unit having a plurality of
different reaction components for conducting one or more assays. The reaction
components include sample-generation components and sample-analysis components.
The method also includes generating a sample at the sample area of the fluidic device.
The generating operation includes flowing different sample-generation components to the
sample area and controlling reaction conditions at the sample area to generate the sample.
The method also includes analyzing the sample at the sample area. The analyzing
operation includes flowing at least one sample-analysis component to the sample area.
Said at least one sample-analysis component reacts with the sample to provide optically
detectable signals indicative of an event-of-interest. The generating and analyzing

operations are conducted 1n an automated manner by the assay system.

[0023] In another embodiment, an assay system 1s provided that includes a
fluidic device holder that 1s configured to hold a fluidic device and establish a fluid
connection with the fluidic device. The assay system also includes a fluidic network that
1s configured to fluidicly connect the fluidic device to a reaction component storage unit.
The assay system also includes a fluidic control system that 1s configured to selectively
flow fluids from the storage unit through the fluidic device. Furthermore, the assay
system 1ncludes a system controller that has a fluidic control module. The fluidic control
module 1s configured to instruct the fluidic control system to (a) flow different sample-
generation components from the storage unit to the sample area and control reaction
conditions at the sample area to generate a sample; and (b) flow at least one sample-
analysis component from the storage unit to the sample area. Said at least one sample-
analysis component 1s configured to react with the sample to provide optically detectable

signals indicative of an event-of-interest. The assay system also includes an 1maging
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system that 1s configured to detect the optically detectable signals from the sample. The
system controller 1s configured to automatically generate the sample and analyze the
sample by selectively controlling the fluidic device holder, the fluidic control system, and

the imaging system.

[0024] In another embodiment, a method of performing a biological or chemical
assay 1s provided. The method includes: (a) providing a fluidic device having a sample
area and a reaction component storage unit having a plurality of different reaction
components for conducting one or more assays, the reaction components including
sample-generation components and sample-analysis components; (b) flowing sample
generation components according to a predetermined protocol to generate a sample at the
sample area; (c) selectively controlling reaction conditions at the sample area to facilitate
generating the sample; (d) flowing sample-analysis components to the sample area; and
(e) detecting optical signals emitted from the sample area, the optical signals being
indicative of an event-of-interest between the sample-analysis components and the

sample; wherein (b)-(e) are conducted 1n an automated manner.
BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Figure 1 1s a block diagram of an assay system for performing biological

or chemical assays formed 1n accordance with one embodiment.

[0026] Figure 2 1s a side view of a workstation configured to perform biological

or chemical assays in accordance with one embodiment.
[0027] Figure 3 1s a front view of the workstation of Figure 2.

[0028] Figure 4 1s a diagram of a fluidic network formed 1n accordance with one

embodiment.

[0029] Figure 5 1s a perspective view of a flow cell formed 1n accordance with

one embodiment.

_10-
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[0030] Figure 6 1s a cross-section of the flow cell shown 1n Figure 5 taken along

the line 6-6 1n Figure 5.
[0031] Figure 7 1s a plan view of the flow cell of Figure 5.
[0032] Figure 8 1s an enlarged view of a curved segment of a flow channel.

[0033] Figure 9 1s a perspective view of a fluidic device formed 1n accordance

with one embodiment.
[0034] Figure 10 1s another perspective view of the fluidic device of Figure 9.

[0035] Figure 11 1s a cross-section of the fluidic device of Figure 9 taken along

the lines 11-11 1n Figure 9.

[0036] Figure 12 1s a perspective view of a fluidic device formed 1n accordance

with another embodiment.
[0037] Figure 13 1s a perspective view of the fluidic device of Figure 12.

[0038] Figure 14 1s a plan view of a fluidic device formed 1n accordance with

one embodiment.
[0039] Figure 135 1s a side perspective view of the fluidic device of Figure 14.

[0040] Figure 16 1s a partially exploded view of a device holder formed in

accordance with one embodiment.
[0041] Figure 17 1s a perspective view of the assembled holder of Figure 16.

[0042] Figure 18 1s a perspective view of a support structure that may be used 1n

the holder of Figure 16.

[0043] Figure 19 1s a top plan view of the holder of Figure 16.

-11-
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[0044] Figure 20 1s a perspective view of the holder of Figure 16 having a cover

assembly 1n an open position.
[0045] Figure 21 1s an enlarged plan view of the holder of Figure 16.

[0046] Figure 22 1s a perspective view of a cover assembly that may be used 1n

the holder of Figure 16.

[0047] Figure 23 1s a cross-section of the cover assembly taken along the line

23-23 shown 1n Figure 22.

[0048] Figure 24 1s a perspective view of a flow system that may be used with

the holder of Figure 16.

[0049] Figure 25 1s a block diagram of a method of positioning a fluidic device

for sample analysis in accordance with one embodiment.

[0050] Figure 26 1s a block diagram illustrating a method of positioning a

fluidic device for sample analysis in accordance with one embodiment.

[0051] Figure 27 1s a block diagram 1llustrating a method for orienting a sample

area 1n accordance with one embodiment.

[0052] Figure 28 1s a perspective view of a fluid storage system formed in

accordance with one embodiment.
[0053] Figure 29 1s a side cross-section of the fluid storage system of Figure 28.

[0054] Figure 30 1s a perspective view of a removal assembly that may be used

with the fluid storage system of Figure 28.

[0055] Figure 31 1s a perspective view of a reaction component tray formed 1n

accordance with one embodiment.

-12-



CA 02824664 2013-07-08
WO 2012/096703 PCT/US2011/057221

[0056] Figure 32 1s a top plan view of the tray shown 1n Figure 31.
[0057] Figure 33 1s a side view of the tray shown in Figure 31.
[0058] Figure 34 1s a front view of the tray shown 1n Figure 31.

[0059] Figure 35 1s a side cross-section of a component well that may be used

with the tray of Figure 31.

[0060] Figure 36 1s a bottom perspective view of the component well of Figure

35.

[0061] Figure 37 1s a perspective view of a component well that may be used

with the tray of Figure 31.

[0062] Figure 38 1s a diagram of an optical imaging system in accordance with

one embodiment.

[0063] Figure 39 1s a perspective view of a motion-control system 1n accordance

with one embodiment.

[0064] Figure 40 1s a perspective view of components that may be used with the

motion-control system of Figure 39.

[0065] Figure 41 1s a perspective view of an optical base plate that may be used

in the 1imaging system of Figure 38.
[0066] Figure 42 1s a plan view of the base plate of Figure 41.

[0067] Figure 43 1s a perspective view of an optical component formed 1n

accordance with one embodiment that may be used in the imaging system of Figure 38.

[0068] Figure 44 1s a cut-away perspective view of the optical component of

Figure 43.
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[0069] Figure 45 1s a front view of the optical component of Figure 43.

[0070] Figure 46 1s a side view of the optical component of Figure 43 during a

mounting operation.

[0071] Figure 47 1s a block diagram illustrating a method of assembling an

optical train 1n accordance with one embodiment.

[0072] Figure 48 1s a perspective view of a light source module formed 1n

accordance with one embodiment.
[0073] Figure 49 1s a side view of the light source module of Figure 48.
[0074] Figure 50 1s a plan view of the light source module of Figure 48.

[0075] Figure 51 1s a plan view of an image-focusing system 1n accordance with

one embodiment.

[0076] Figure 52 1s a perspective view of a rotatable mirror assembly that may

be used 1n the 1image-focusing system of Figure 51.

[0077] Figure 53 1s a schematic diagram of a rotatable mirror in an 1maging

position that may be used 1n the image-focusing system of Figure 51.

[0078] Figures 54 and 55 illustrate sample 1mages that may be obtained by the

1mage-focusing system of Figure 51.

[0079] Figure 56 1s a schematic diagram of the rotatable mirror of Figure 53 in a

focusing position.

[0080] Figures 57 and 358 1illustrate test images that may be obtained by the

image-focusing system of Figure S1.
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[0081] Figure 59 1s a block diagram 1llustrating a method for controlling focus

of an optical 1maging system.

[0082] Figure 60 1illustrates a method for performing an assay for biological or

chemical analysis.

[0083] Figure 61 1illustrates a method for performing an assay for biological or

chemical analysis.
DETAILED DESCRIPTION OF THE INVENTION

[0084] Embodiments described herein include various systems, methods,
assemblies, and apparatuses used to detect desired reactions 1n a sample for biological or
chemical analysis. In some embodiments, the desired reactions provide optical signals
that are detected by an optical assembly. The optical signals may be light emissions from
labels or may be transmission light that has been reflected or refracted by the sample.
For example, embodiments may be used to perform or facilitate performing a sequencing
protocol 1n which sstDNA 1s sequenced 1n a flow cell. In particular embodiments, the
embodiments described herein can also perform an amplification protocol to generate a

sample-of-interest for sequencing.

[0085] As used herein, a “desired reaction” includes a change 1n at least one of a
chemical, electrical, physical, and optical property or quality of a substance that 1s in
response to a stimulus. For example, the desired reaction may be a chemical
transformation, chemical change, or chemical interaction. In particular embodiments, the
desired reactions are detected by an imaging system. The imaging system may include
an optical assembly that directs optical signals to a sensor (e.g., CCD or CMOS).
However, in other embodiments, the imaging system may detect the optical signals
directly. For example, a flow cell may be mounted onto a CMOS sensor. However, the
desired reactions may also be a change in electrical properties. For example, the desired

reaction may be a change in 1on concentration within a solution.
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[0086] Exemplary reactions include, but are not limited to, chemical reactions
such as reduction, oxidation, addition, elimination, rearrangement, esterification,
amidation, etherification, cyclization, or substitution; binding interactions in which a first
chemical binds to a second chemical; dissociation reactions in which two or more
chemicals detach from each other; tfluorescence; luminescence; chemiluminescence; and
biological reactions, such as nucleic acid replication, nucleic acid amplification, nucleic
acid hybridization, nucleic acid ligation, phosphorylation, enzymatic catalysis, receptor
binding, or ligand binding. The desired reaction can also be addition or elimination of a
proton, for example, detectable as a change in pH of a surrounding solution or

environment.

[0087] The stimulus can be at least one of physical, optical, electrical, magnetic,
and chemical. For example, the stimulus may be an excitation light that excites
fluorophores 1n a substance. The stimulus may also be a change 1in a surrounding
environment, such as a change 1in concentration of certain biomolecules (e.g., enzymes or
1ons) 1n a solution. The stimulus may also be an electrical current applied to a solution
within a predefined volume. In addition, the stimulus may be provided by shaking,
vibrating, or moving a reaction chamber where the substance 1s located to create a force
(e.g., centripetal force). As used herein, the phrase “in response to a stimulus” 1s
intended to be interpreted broadly and include more direct responses to a stimulus (e.g.,
when a fluorophore emits energy of a specific wavelength after absorbing incident
excitation light) and more indirect responses to a stimulus in that the stimulus 1nitiates a
chain of events that eventually results in the response (e.g., incorporation of a base in
pyrosequencing eventually resulting in chemiluminescence). The stimulus may be
immediate (e.g., excitation light incident upon a fluorophore) or gradual (e.g., change 1n

temperature of the surrounding environment).

[0088] As used herein, the phrase “activity that 1s indicative of a desired
reaction” and variants thereof include any detectable event, property, quality, or

characteristic that may be used to facilitate determining whether a desired reaction has
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occurred. The detected activity may be a light signal generated in fluorescence or
chemiluminescence. The detected activity may also be a change 1n electrical properties
of a solution within a predefined volume or along a predefined area. The detected

activity may be a change in temperature.

[0089] Various embodiments include providing a reaction component to a
sample. As used herein, a “reaction component” or “reactant” includes any substance
that may be used to obtain a desired reaction. For example, reaction components include
reagents, enzymes, samples, other biomolecules, and buffer solutions. The reaction
components are typically delivered to a reaction site (e.g., area where sample 1s located)
in a solution or immobilized within a reaction site. The reaction components may

interact directly or indirectly with the substance of interest.

[0090] In particular embodiments, the desired reactions are detected optically
through an optical assembly. The optical assembly may include an optical train of optical
components that cooperate with one another to direct the optical signals to an 1maging
device (e.g., CCD, CMOS, or photomultiplier tubes). However, 1n alternative
embodiments, the sample region may be positioned immediately adjacent to an activity
detector that detects the desired reactions without the use of an optical train. The activity
detector may be able detect predetermined events, properties, qualities, or characteristics
within a predefined volume or area. For example, an activity detector may be able to
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