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SENSOR ASSEMBLY FOR MOVING ITEMS AND RELATED FILLING
MACHINE AND METHODS
TECHNICAL FIELD
[0001] This application relates generally to sensor systems for evaluating items
and, more specifically, to a sensor assembly used for evaluation of moving items, such as
falling items, as may be used in filling machines in which items are being checked, counted
and grouped for purposes of filling a container or package with a set number of the items.
BACKGROUND
[0002] In the packaging of bulk items, such as pharmaceutical tablets or capsules,
the items must be counted and grouped in order to fill containers, packages or other
receptacles with a desired number of the items. In some applications it is also desirable to
evaluate each bulk item for conformity to an expected standard. Achieving desired count
and evaluation while at the same time achieving high speed filling is critical, and therefore
improvements to filling machines are continuously sought, including improvements to the
item sensing systems utilized in filling machines.
SUMMARY
[0003] In one aspect, a sensor system for evaluating an item as it moves includes a
sensor assembly including a plurality of emitters and a plurality of detectors disposed about
an item movement path. A controller is configured for selectively operating the sensor
assembly to set up a first active detection pattern through the item movement path by
sequentially and rapidly checking an occlusion status of each of a first plurality of emitter
to detector light paths that make up the first active detection pattern, such that only one
emitter to detector light path of the first plurality of emitter to detector light paths is
checked for occlusion at a given instance.
[0004] In another aspect, a sensor system for evaluating falling items includes a
sensor assembly including a plurality of emitters and a plurality of detectors disposed about
an item drop path, wherein the plurality of emitters comprises at least forty emitters and the
plurality of detectors comprises at least forty detectors, wherein the plurality of emitters
and the plurality of detectors are arranged in an alternating sequence about the item drop
path. A controller is configured for selectively operating the sensor assembly to capture an
emitter to detector path occlusion data slice for an item as it falls through the drop path.
The emitter to detector path occlusion data slice is captured by: establishing a first active

detection pattern through the item movement path by sequentially and rapidly checking an
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occlusion status of each of a first plurality of substantially parallel emitter to detector light
paths that make up the first active detection pattern and establishing a second active
detection pattern through the item movement path by sequentially and rapidly checking an
occlusion status of each of a second plurality of substantially parallel emitter to detector
light paths that make up the second active detection pattern, wherein the second active
detection pattern is angularly rotated relative to the first active detection pattern. The
controller is configured to evaluate both the first active detection pattern and the second
active detection pattern to identify whether more than one item is falling through a
detection plane of the sensor assembly at the same time.

[0005] In a further aspect, a sensor system for evaluating an item as it moves
includes a sensor assembly including a plurality of emitters and a plurality of detectors
disposed about an item movement path. A controller is configured for selectively
operating the sensor assembly in a calibration mode when no item is within a sense zone of
the sensor assembly. In the calibration mode, for at least one emitter to detector light path,
the controller is configured to: activate an emitter of the emitter to detector light path at a
set intensity level and check a detector of the emitter to detector light path for a detector
signal strength and, if the detector signal strength is outside of a predefined signal strength
range, the controller adjusts the set intensity level in a manner expected to bring detector
signal strength within the predefined signal strength range.

[0006] In yet another aspect, a filling device for filling receptacles with a plurality
of items includes an item conveyor including a plurality of item feed paths arranged
above a corresponding plurality of item drop paths, wherein each item feed path includes a
distal end at which items drop from the item feed path into an aligned one of the item drop
paths. Each item drop path includes a respective item sensor system positioned therealong
for sensing falling items. The plurality of item feed paths include a plurality of first item
feed paths and a plurality of second item feed paths, wherein the plurality of first item feed
paths have distal ends that are substantially aligned along a first drop plane, wherein the
plurality of second item feed paths have distal ends that are substantially aligned along a
second drop plane, wherein the second drop plane is offset from the first drop plane,
wherein the plurality of first item feed paths and the plurality of second item feed paths are
arranged in an alternating sequence across a width of the conveyor.

[0007] In yet another aspect, a sensor system for evaluating moving items includes

a sensor assembly including a first plurality of emitters and detectors disposed about a first
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item movement path. The first plurality of emitters and detectors are mounted about a first
printed circuit board opening along the first item movement path.
[0008] In yet another aspect, a sensor system for evaluating moving items includes
a sensor assembly including a sensor compartment including a plurality of item movement
paths therethrough. Each item movement path: (i) being defined at least in part by a
respective cylindrical wall; and (ii) having a plurality of emitters and detectors disposed
within the compartment and around the cylindrical wall of the item movement path, the
emitters oriented to emit light through the cylindrical wall and into the item movement
path, the detectors oriented to detect light that passes through the cylindrical wall from the
item movement path.
[0009] The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, items, and advantages will be apparent
from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is schematic side elevation of a filling machine;
[0011] Figs. 2A-2C are partial perspective view of an item feed and item sensor
assembly of a filling machine, where Fig. 2A shows all components, Fig. 2B shows an

infeed cover removed and Fig. 2C shows the infeed cover as transparent;

[0012] Fig. 3 is a cross-section of Fig. 2B;

[0013] Fig. 4 is a top plan view of Fig. 2;

[0014] Fig. 5 is an exploded perspective view of the sensor assembly of Fig. 2;
[0015] Fig. 6 is a partial perspective of one printed circuit board and cylinder

arrangement of the sensor assembly;

[0016] Fig. 7 is a partial perspective of Fig. 6;
[0017] Fig. 8 is a partial perspective of Fig. 6;
[0018] Fig. 9 is a partial perspective of Fig. 6;
[0019] Figs. 10A and 10B show top plan schematic views of emitters and detectors

arranged about a cylinder;

[0020] Fig. 11 shows a top plan schematic of emitters and detectors arranged about
a cylinder, with numerous light path patterns shown in an overlapping manner;

[0021] Fig. 12 is a schematic side elevation of a printed circuit board and cylinder
demonstrating emitter and detector mounting;

[0022] Fig. 13 shows a top plan schematic of emitters and detectors arranged about
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a cylinder, with numerous light path orientations shown;

[0023] Figs. 14A-14D show an exemplary fall sequence of an item through the
detection plane of a sensor assembly;

[0024] Fig. 15 is a side elevation of a falling item;

[0025] Figs. 16A-16J show top plan schematic views of select occlusion data of

differently oriented detection patterns sequentially overlaid on each other for assessing a
falling item;

[0026] Fig. 17 shows a top plan schematic view of an approximated item perimeter
determined for a detection data splice of an item;

[0027] Figs. 18A-18C show exemplary active detection patterns applied to an item;
[0028] Fig. 19 depicts how multiple detection data splice item perimeter

determinations can be combined to approximate a volume of the item;

[0029] Figs. 20-22 show algorithms corresponding to sensor assembly operation;
[0030] Fig. 23 shows one exemplary controller arrangement;

[0031] Fig. 24 shows a depiction of multiple item detection;

[0032] Fig. 25 shows unobstructed emitter to detector paths between two items;
[0033] Fig. 26 shows simultaneous volume approximation for two falling items;
[0034] Fig. 27 shows another printed circuit board configuration adapted for edge

mounting of emitters and detectors;
[0035] Fig. 28 shows an alternative sensor compartment configuration with a single
item drop path therethrough;
[0036] Fig. 29 shows an alternative orientation of a sensor assembly and item
movement path; and
[0037] Fig. 30 shows another system variation in which the emitters are placed
between groups of detectors.

DETAILED DESCRIPTION
[0038] Fig. 1 shows a schematic depiction of a filling device 10 for conveying,
counting and analyzing items 12 and feeding the items 12 to a container, package or other
receptacle. By way of example, the items may be solid dose tablets, gelcaps or capsules
(e.g., of the pharmaceutical variety) and the filling device may be either intermittent or
continuous type. The device 10 includes a bulk feeder 14 that deposits the items 12 to a
conveyor 16, which aligns, singulates and spaces the items as they are moved to a drop

point 18. The conveyor 16 may, for example, be a vibratory conveyor mechanism, as
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described in more detail below. As the items 12 fall along an item fall path (e.g., under
gravity) they pass a sensor system 20, which counts the items as they pass so that an
accurate and controlled fill count can be achieved. The sensor system 20 also analyzes the
items for defects. In some cases, a reject mechanism 22 may be provided to move
defective items to a reject path 24. For example, in the case of solid dose tablets, chipped
tablets such as tablet 12’ can be rejected. The reject mechanism could, for example, be a
pressurized air unit the delivers a burst of pressurized air to move a defective item out of
the item fall path and into the reject path 24. The reject mechanism could alternatively be a
flap mechanism selectively movable into the item fall path to divert the item out of the item
fall path by contact with the flap mechanism. In other implementations, item reject could
occur further downstream in a system (e.g., by using a downstream reject mechanism 17
(e.g. blow nozzle or mechanical pusher) to move a receptacle containing a defective tablet
out of the flow of a receptacle conveyance path 15 after the defective tablet is filled into the
receptacle). Items 12 that are not rejected follow the fill path 26. A gate system 28 along
the fill path 26 may be controlled as desired to achieve delivery of an appropriate item
count to a drop chute 19 that feeds receptacles. In a typical filling device, the conveyor 16
may align the items 12 into multiple feed paths that feed the items to multiple drop points,
each with a respective sensor system 20, reject mechanism 22 and gating system 28 that
feed to a common drop chute 19.

[0039] Referring to Figs. 2A-2C and 3-4, one embodiment of an end section 32 of a
conveyor (e.g. a vibratory conveyor) is shown above a sensor assembly 30. Here, the
vibratory conveyor is in the form of a plate structure 34 that is bent or otherwise formed to
provide a plurality of channels, each of which defines a respective feed path 36, 38 for
items 12. Here, two sets of feed paths 36 and 38 are provided, where feed paths 36 have
distal ends 40 that are substantially aligned along a drop plane 42 and where feed paths 38
have distal ends 44 that are substantially aligned along a drop plane 46. Drop plane 46 is
offset from the drop plane 42 in the feed direction of the conveyor, and the feed paths 36
and 38 are arranged side-by-side in an alternating manner to create a staggered drop
arrangement. The staggered drop arrangement enables a higher density of drop paths along
a given width dimension W. Here, sets of adjacent feed path pairs 36 and 38 are formed
with a gap G between each set or pair. At the distal end of each feed path respective item
fall paths begin, with each item fall path including a respective item sensor system

positioned therealong for sensing items as they fall.
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[0040] In this regard, the sensor assembly 30 includes a sensor housing 50 with
infeed cover 51. The sensor housing 50 defines an internal sensor compartment 52. Here,
the housing includes an upper part 54 and lower part 56 that engage each other to form the
compartment 52 and to contain sensor components within the compartment. When the
items 12 leave the feed paths 36, 38 they enter respective drop paths 58, 60 which pass
through the sensor housing 50. In particular, each item fall or drop path 58, 60 is defined
in part by a respective wall formed as a cylindrical wall or cylinder 62, 64, including a
plurality of cylindrical walls 62 aligned with the drop plane 42 and a plurality of cylindrical
walls 64 aligned with the drop plane 46. Here, the drop planes 42, 44 align substantially
with the rearward perimeter of the walls 62, 64 (here, the cylindrical wall portion that is
furthest back along the item feed direction), but the cylindrical walls could be alternately
positioned (e.g., slightly more forward in the feed direction (down in Fig. 4) or slightly
more rearward in the feed direction (up in Fig. 4)). Each cylindrical wall may be formed
by a glass cylinder that is captured between the upper and lower parts 54 and 56 of the
housing 50. Sealing features (e.g., O-rings or other sealing material) may be provided
between the cylinders and the housing parts, as the internal compartment 52 is also
enclosed and partially defined by the cylindrical walls 62, 64.

[0041] Notably, mounted with the compartment 52 is a printed circuit board 82 that
includes the sensor components and sensor control electronics. In particular, the printed
circuit board 82 includes a top side 84, a bottom side 86 and openings 88, 90 extending
from the top side to the bottom side. The openings 88, 90 align with respective cylindrical
walls 62, 64 (e.g. with the cylinders 62, 64 passing through the respective openings 88 and
90 or positioned immediately above and adjacent the respective openings 88 and 90) and
the printed circuit board (PCB) therefore facilitates mounting of groupings of plural
emitters and detectors (e.g., LED emitters/transmitters and photodiode detectors/receivers)
about the cylindrical walls and, thus, about each of the item fall paths for the purpose of
sensing the items as they fall through the sensor assembly 30. Mount openings and/or
posts are also provided in/on the PCB for engagement with mount openings and/or posts
within the compartment. The lower housing part 56 can also include upwardly extending
cylindrical walls 89, 91 that can fit within the PCB openings 88, 90 to help properly
position the PCB 82.

[0042] Sets of emitters and detectors surround each item fall or drop path for item

detection as it passes through the cylinders. The arrangement of the emitters and detectors
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could take on any suitable configuration, such as circular, oval, other curve or a multi-sided
shape (e.g., a pentagon, hexagon, octagon, nonagon or decagon). In this regard, reference
is made to Figs. 6-9, where each of the eight item drop paths 58, 60 includes a
corresponding surrounding sensor system. Each sensor system 104 is formed with emitters
and detectors arranged in a decagon pattern surrounding the drop path. Each decagon
pattern is achieved utilizing ten upright PCBs 106 mounted around each cylindrical wall
62, 64. The upright PCBs 106 may be electrical plug/socket connected to the primary PCB
82, which is arranged horizontally and includes the opening(s) 88, 90 through which the
drop path(s) extend. Each PCB includes an alternating plurality of emitters 112 and
detectors 114 that are face mounted to the upright PCB 106. Here, six emitters and six
detectors are shown on each upright PCB, but the number could vary. The manner in
which the emitters and detectors are mounted could also vary.

[0043] Regardless of the mount position, the emitters and detectors are selectively
operated (e.g., by a controller) to both sense and evaluate items as they fall. For small
items, such as solid dose tablets, the diameter of the drop path define by the cylinders 62,
64 may typically be on the order of 30-75 mm, but other variations are possible. In one
embodiment, the emitters may be infrared LED emitters and the detectors photodiodes that
detect infrared but not visible light, in order to reduce impact of ambient light sources in
the operating environment. However, other light wavelengths could be used.

[0044] Controlled firing of the emitters 112 and monitoring of the detectors 114
can be used to establish multiple angularly offset active detection patterns, each made up of
substantially parallel emitter to detector light paths or channels. Referring, to Figs. 10A
and 10B, two different active detection patterns 142A and 142B are shown, each made up
of a set of substantially parallel emitter to detector light paths or channels. The pattern
142B is angularly offset from the pattern 142A (e.g., the substantially parallel emitter to
detector light paths of pattern 142B are angularly rotated relative to those of the pattern
142A. By way of example, the illustrated rotation between the two patterns is eighteen
degrees. Although not depicted in Figs. 10A and 10B, the actually light paths or channels
may be altered by refraction when passing through the cylindrical wall 62, 64. However,
the refraction when the light passes through the wall to enter the drop path within the
cylindrical wall will generally be opposite the refraction when the light passes through the
cylindrical wall to leave the drop path within the cylindrical wall, and each light path will

be linear when within the drop path internal of the cylinder.
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[0045] Multiple addition sets of substantially parallel light paths or channels can be
formed by controlled operation of the sensor system to achieve different pairings of
emitters and detectors. By way of example with reference to Fig. 11, ten different active
patterns are all shown overlapping each other, with eighteen degrees of rotation between
sequential patterns. It is recognized that the number of active detection patterns used
during item sensing could vary, with the angular offset between patterns also capable of
variance from the illustrated eighteen degrees. By way of example, where four active
patterns are set up, the patterns may be successively rotated by 45° relative to each other in
order to assure that the total rotation as between all of the patterns covers a full 180°, or
successive pattern rotation of 36° in the case of the use of five active patterns, or successive
pattern rotation of 30° in the case of the use of six active patterns, or successive pattern
rotation of 22.5° in the case of the use of eight active patterns, are all possibilities. The
emitter to detector light paths may also referred to as emitter to detector optical paths
herein.

[0046] Referring to Fig. 12, a schematic depiction of orientation of the emitters 112
and detectors 114 relative to the cylindrical walls is shown. The face 124 of the emitter
body 112 directs light into and through the cylindrical wall 62, 64 into the item drop path
58, 60 per arrow 125, while the face 126 of the receiver body 114 receives light that passes
from the item drop path 58, 60 and through the cylindrical wall 62, 64 per arrow 127. In
some embodiments, an entirety of the height of the cylindrical wall 62, 64 may be
transparent, but in other cases shielding could be present, such as a coating 130 on the
external surface of the cylindrical wall in zones above and below the emitters and detectors
[0047] In terms of establishing each active detection pattern, the emitter to detector
light paths are activated and checked one at a time until all paths for a given active
detection pattern have been activated and checked. Each emitter and each detector will be
associated with a number of emitter to detector light paths that need to be checked, as
suggested by the paths in Fig. 11. By way of example, as seen in Fig. 13, emitter 112-1 is
used to check light paths 142-1, 142-11, 142-12, 114-13, 114-14 and 142-15 to each of
detectors 114-1, 114-2, 114-3, 114-4, 114-5 and 114-6. In order to check each of these
paths, emitter 112-1 is activated while all other emitters are off, and then each of the
detectors (114-1, 114-2, 114-3, 114-4, 114-5 and 114-6) is checked one at a time to
determine if light from the emitter is reaching the detector (e.g., meaning the light path is

not occluded by a falling item) or not reaching the detector (meaning the light path is
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occluded by a falling item). The data regarding occlusion (e.g., indicated by the detector
not outputting at least a set voltage level) or lack of occlusion (e.g., detector outputting at
least the set voltage level) of each light path is buffered or otherwise stored in memory for
use in evaluating the falling item. Once all necessary light paths for a given emitter have
been checked, that emitter is turned OFF and a next emitter turned ON and then multiple
detectors associated with that emitter are checked one at a time (i.e., corresponding to the
light paths from the next emitter that are needed in order to set up and check each of the
active detection patterns that will be used). This process continues until all of the emitter
to detector light paths for all of the detection patterns have been set up and checked and the
resulting occlusion data have been buffered or otherwise stored.

[0048] This process is then repeated multiple times so that pattern occlusion data is
collected and stored multiple times for each falling item. For example, referring to the
schematic of Figs. 14A-14E, an exemplary item 12 is shown falling downward through a
representative sensor assembly sensing plane 150 in which the active detection patterns are
set up. Here, for the item position represented in Fig. 14A, the occlusion data for each of
the ten detection patterns represented in Fig. 11 would be obtained a first time, for the item
position represented in Fig. 14B, the occlusion data for each of the ten detection patterns
would be obtained a second time, for the item position represented in Fig. 14C, the
occlusion data for each of the ten detection patterns would be obtained a third time, and for
the item position represented in Fig. 14D, the occlusion data for each of the ten detection
patterns would be obtained a fourth time. Each collection of pattern occlusion data can be
referred to as a pattern data slice, with multiple pattern data slices being taken for each
falling item. While four pattern data slices are contemplated by the schematic of Figs.
14A-14D, it is recognized that a lesser number of pattern data slices or, more typically, a
larger number of pattern data slices (e.g., five or more) could be taken, it being understood
that more pattern data slices will generally provide a more complete set of data for more
accurate item evaluation.

[0049] Because the item 12 is actually moving, it is recognized that each item
position show in Figs. 14A-14D is actually representative of a range of positions of the
item during each pattern data slice collection process (i.e., during the time it takes for the
first collection of occlusion data for the ten patterns the item will actually move downward
slightly, and similarly for the second, third and fourth collections of pattern occlusion

data). Thus, referring to Fig. 15 by way of example, occlusion data collection for a first
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pattern data slice could take place along zone 12a for a falling item, occlusion data
collection for a second pattern data slice could take place along zone 12b, occlusion data
collection for a third pattern data slice could take place along zone 12¢, occlusion data
collection for a fourth pattern data slice could take place along zone 12d and collusion data
collection for a fifth pattern data slice could take place along zone 12e.

[0050] Referring again to Fig. 13, when energized, each LED emitter (e.g., 112-1)
outputs light with a cone shaped dispersion pattern. The intensity of the light is greatest at
the center of the pattern (e.g., greatest intensity along the path 142-13 from emitter 112-1
to detector 114-3) and lessens when moving towards the edges of the pattern (e.g., lower
intensity along the path 142-13, even lower intensity along the path 142-14 and even
further lower intensity along the path 142-15). In order to account for this variance and
best assure that detectors are properly triggered (e.g., the detectors output at least a set
voltage) when the path between the energized emitter and the detector is unblocked, the
energization level of the emitter is varied depending upon which detector is being checked.
So, for example, referring again to Fig. 13: when detector 114-2 or detector 114-4 is being
checked, the applied power to emitter 112-1 is greater than when detector 114-3 is being
checked, when detector 114-1 or 114-5 is being checked, the applied power to emitter 112-
1 is greater than when detector 114-2 or 114-4 is being checked, and when detector 114-6
is being checked, the applied power to emitter 112-1 is greater than when detector 114-1
and 114-5 are being checked. This variance in applied power to the emitters during pattern
set-up and checking acts to normalize the light intensity that is expected to be seen by each
detector (assuming the path to the detector is unblocked), increasing system accuracy. The
control logic may be set up to automatically recalibrate the normalization energization
required on a periodic basis while no item is passing through the ring sensor, as will be
described in further detail below.

[0051] As mentioned above, the sensor system is controlled to take multiple two
dimensional pattern data slices of an item as if falls through the sensor ring. Each pattern
data slice is evaluated to determine an approximate area for the item (e.g., area in the
sensing plane) along the zone in which the pattern data slice is taken. The collective
evaluation of the approximate area determined for each pattern data slice and
understanding the rate of travel of the item as it falls enables a reasonable approximation of
the volume of the item to be determined. That approximated volume can then be compared

to an expected volume for the item to determine whether the item is good or defective (e.g.,
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a full tablet or a chipped tablet). Morcover, the sensor system can also determine if the
approximated volume is substantially twice the expected volume for the item, in which
case the sensor system can successfully count double items (e.g., two tablets moving
through the sensor assembly at the same time), which reduces the likelihood of overfilling.
Other techniques for identifying the presence of two items falling simultaneously are
described in more detail below.

[0052] With respect to area approximation for each pattern data slice, the occlusion
data of each active detection pattern for the slice can, in one example, be mathematically
layered together to achieve the area approximation. Referring to Figs. 16A-16], the
occlusion data for the ten active detection patterns of a slice is shown progressively
visually layered together to define a perimeter, per Fig. 17, that is used for area calculation.
In this example, the occlusion data for each active detection pattern is represented by two
emitter to detector optical paths of the pattern, more specifically, the two emitter to
detector optical paths of the active detection pattern that are the laterally exterior occluded
paths of a set of occluded paths in the pattern.

[0053] In general, a falling item will occlude a set of adjacent (side-by-side) emitter
to detector paths of an active detection pattern. By way of example, Fig. 18 A-18C show
three partial detection patterns relative to a falling item 152. In Fig. 18A, emitter to
detector paths P1-1, P1-2, P1-3, P1-4, P1-5, P1-6 and P1-7 are shown. Paths P1-2, P1-3,
P1-4, P1-5 and P1-6 would be the occluded paths, and therefore the two extreme or exterior
paths P1-2 and P1-6 would be selected as the paths of use in area approximation. In Fig.
18B, emitter to detector paths P2-1, P2-2, P2-3, P2-4, P2-5, P2-6 and P2-7 are shown.
Paths P2-2, P2-3, P2-4, P2-5 and P2-6 would be the occluded paths, and therefore the two
extreme or exterior paths P2-2 and P2-6 would be selected as the paths of use in area
approximation. In Fig. 18C, emitter to detector paths P3-1, P3-2, P3-3, P3-4, P3-5, P3-6,
P3-7 and P3-8 are shown. Paths P3-2, P3-3, P3-4, P3-5, P3-6 and P3-7 would be the
occluded paths, and therefore the two extreme or exterior paths P3-2 and P3-7 would be
selected as the paths of use in area approximation. The same selection process would be
used for any other active detection patterns of a data slice (e.g., seven additional patterns in
the example of Figs. 16A-16J).

[0054] The collective selected emitter to detector light paths for each of the
detection patterns for a pattern data slice (e.g., the paths shown in Fig. 16J) are then

evaluated to determine whether any of the paths do not contribute information that is
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useful, or sufficiently useful, for approximating the perimeter of the falling item. Non-
useful paths are discarded, and the remaining paths are used to define an approximated
perimeter 153 of the falling item, as suggested in Fig. 17. Calculating an area based upon
this approximated perimeter is then relatively straightforward. As suggested schematically
in Fig. 19, multiple perimeter determined areas from multiple pattern slices 160A-160E etc.
can be mathematically combined to determine an approximate volume for the falling item
152.

[0055] An exemplary scanning and analysis process is depicted by the flow charts
in Figs. 20-22. Per Fig. 20, a preliminary scan is made (e.g., setting up at least one of the
detection patterns) at step 200 and at step 202 a determination is made as to whether any of
the emitter to detector paths are occluded. If not, processing moves to a calibration phase
204, during which the emitter intensity levels can be set up. If the preliminary scan shows
one or more pattern paths occluded, processing moves to an active scanning phase 206
during which multiple pattern data slices are taken.

[0056] Fig. 21 shows the scanning phase 206, which involves setting the scan
format (e.g., set number of active patterns angularly rotated by eighteen degrees, or other
desired pattern) at step 208. At step 210, setting an expected volume for a good item (e.g.,
by retrieving a stored volume for a known item type as determined by a previously carried
out teaching sequence for the item). At step 212, the all emitter to detector light paths or
channels necessary for the set number of active patterns are run by sequentially turning on
emitters and checking detectors as described above and the occlusion data is stored. At
step 214, the occlusion data retrieved (e.g., sent from a CPU system that controls the
emitter to detector checking to a main CPU that analyses the occlusion data for are and
volume approximating). At step 216, a next detection data slice for the falling item is
initiated.

[0057] As indicated by step 218, with sub-steps 220-228, the occlusion data for the
previous detection data slice can be analyzed while the next detection data slice capture is
ongoing. This analysis may involve identifying and selecting the extreme or exterior
occluded emitter to detector light paths for each pattern per step 220, and identifying which
of the selected paths will be used for approximating the perimeter of the falling item per
step 222. The area for that perimeter is calculated at step 224, and a partial volume for that
area is calculated at step 226. This partial volume is then added to any previous partial

volume per step 228.
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[0058] Per steps 230 and 232, the detection data slice process and occlusion data
analysis steps continue until complete (e.g., when the item is no longer detected in the
scanning plane as indicated by no occluded paths). Once the detection data slice process is
complete for the item, the determined volume (e.g., equal to the total of the cumulative
partial volumes) is then checked at step 234 against the good item volume to in order to
accept the item (e.g., if the selected approximate volume is within a certain percentage of
the set good item volume) or to reject the item (e.g., if the selected approximate volume is
not within the certain percentage of the set good item volume). The accept or reject
designation may be used to determine the path the item follows as noted above in the
discussion of Fig. 1. Step 234 could include the logic to determine if the selected volume
is within a certain percentage of twice the set volume and, in such cases, to count two items
instead of one item.
[0059] With respect to calculating the partial volume for each detection data slice
(per step 226), because the vertical distance between the drop point of the vibratory
conveyor 16 and the test or sensing plane of the emitter to detector paths is known, by
taking into account known acceleration due to gravity, the speed and acceleration of the
falling item during the pattern data slice can be used to determine the vertical travel
distance between each detection data slice. For example, if the sensor scan for a first data
detection slice is carried at time TO, the travel distance dO of the item at that time is known
(i.e., the item has just entered the sensing plane so the travel distance dO is the known
vertical distance between the end of the conveyor and the sensing plane of the sensor
assembly). Therefore, fall time TO can be calculated from the equation d = % at’, where a
= g (acceleration due to gravity), such that:
TO = ((d0 x 2)/)"~.

[0060] For a next sensor scan for a next data detection slice carried out at time T1,
fall time T1 is determined as:

T1 =TO + time between TO scan and T1 scan.
[0061] The distance of the item from the end of the conveyor during the scan for
that next detection data slice, d1, can therefore be calculate as:

dl = V5 g(T1).

[0062] Thus, the travel distance between the two scans, say TdO0, is determined as:
TdO = d1- do.
[0063] Therefore, the partial volume VO for the item based upon the approximated
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area of AQ of the item during the initial scan (first detection data slice) of the item can be
determined as:

V0 = A0 x Td0.
[0064] A similar process is used to determine the partial volume for each of the
subsequent scans (i.e., each of the subsequent detection data slices) by determining the
travel distance between each scan or detection data slice.
[0065] Of course, a variety of different approaches and algorithms can be taken to
utilize the unique ring sensor detection data slice methodology to evaluate a falling item.
The flow charts of Figs. 18-20 show one exemplary approach.
[0066] Fig. 22 shows the calibration phase/mode steps 204 that are carried out
when no item is passing through the sensor assembly. At step 280 the calibration value for
the detectors is set (e.g., nominal detector output and threshold level output expected in the
case of an unblocked path). At step 282 an emitter is energized at a set level and a single
detector is activated (e.g., corresponding to a single emitter to detector light path). The
detector output level is read and recorded at step 284. At step 286 the recorded detector
output is compared to the calibration value and, if the recorded detector output is out of
bounds (e.g., not within a specified percentage of the calibration value) a new energization
level for the emitter during use of that specific emitter to detector light path is calculated
(e.g., as expected to bring the detector output level in bounds, by raising energization level
if the detector output was low and lowering the energization level if the detector output was
high) and recorded for future use. Per step 288, steps 282 through 286 are repeated for all
of the emitter to detector light paths of all detection patterns. This calibration phase, and
the repetition of the same during normal machine operation, helps to assure accurate item
evaluation over extended use by making adjustments as needed to account for both
variations in emitter/ detector performance and physical changes in operating conditions
(e.g., dust accumulating on the glass cylinders).
[0067] The foregoing operational sequence can be carried out by any suitable
control arrangement of the filling machine. As used herein the term “controller” is
intended to encompass any circuit (e.g., solid state, application specific integrated circuit
(ASIC), an electronic circuit, a combinational logic circuit, a field programmable gate array
(FPGA)), processor(s) or microprocessor(s) (e.g., shared, dedicated, or group - including
hardware or software that executes code), software, firmware and/or other components, or

a combination of some or all of the above, that carries out the control functions.
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[0068] In this regard, Fig. 21 is representative of one possible controller
arrangement that includes a microcontroller 300, a field programmable gate array (FPGA)
302 with a reprogram interface 308, flash memory 304 as a data buffer, emitter multiplexer
circuitry 306, emitter operational amplifier 310, detector operational amplifier 316 and
detector multiplexer circuitry 318. A computer 350 can be used to push a desired
algorithm and/or parameter data to the microcontroller 300, as well as to reprogram the
FPGA 302 if desired. The microcontroller 300 delivers the scanning sequence to the
FPGA 302 (e.g., per step 208 in Fig. 21). The FPGA logic carries out the steps to detection
data slices and sends the occlusion data back to the microcontroller 300 for evaluation
(e.g., per steps 218-228). The microcontroller 300 is also linked to the reject mechanism of
the filling machine for control of the same. The multiplexer circuitry 306 enables a single
emitter to be selected for energization at any given time, and the multiplexer circuitry 318
enables a single detector to be selected for checking at any given time (e.g., collectively
defining the emitter to detector path that is being checked). The detector multiplexer also
includes A/D converter circuitry to provide usable data back to the FPGA 302, which
buffers all data for a given slice, and then pushes the buffered data to the microcontroller
300 for evaluation. Operational amplifiers 310 and 316 bring signal strengths to desired,
functional levels. Representative emitter 312 and detector pair 314 are shown, along with a
representative ring sensor assembly 320. Again, this controller arrangement is exemplary
only, and other variations are possible.

[0069] As mentioned above, the sensor system described herein can be used to
identify if two items are falling simultancously through the sensor plane of the sensor
system. By way of example, Fig. 24 demonstrates that the occlusion data of a detection
data splice can be used to identify the approximate perimeters of each of two spaced apart
items in the sensing plane at the same time. The controller is configured to identify that
more than one item is falling through the detection plane based upon identification of the
presence of both a first set of occluded and adjacent emitter to detector light paths and a
second set of occluded and adjacent emitter to detector light paths being present in one or
more of the active detection patterns used for a detection data splice, where at least one
unbroken emitter to detector light path exists between the first set of occluded and adjacent
emitter to detector light paths and the second set of occluded and adjacent emitter to
detector light paths, e.g., as suggested by Fig. 25, where a set of three

unobstructed/unbroken emitter to detector light paths 260 is located between two sets 262
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and 264 of occluded emitter to detector light paths. Fig. 26 demonstrates that, in such
instances, separate volume calculations can be performed for each of the items as they fall
through the detection plane.

[0070] It is to be clearly understood that the above description is intended by way
of illustration and example only, is not intended to be taken by way of limitation, and that
other changes and modifications are possible.

[0071] Thus, in the illustrated embodiment, eight item drop paths are contemplated,
where a single printed circuit board includes eight corresponding openings. However, a
different number of drop paths could be provided. In addition, multiple printed circuit
boards could be used (e.g., 2 PCBs each with four openings, four PCBs each with two
openings, or eight PCBs each with one opening). PCBs of different shapes could also be
used (e.g., not rectangular, such as a long s-shape in which opposite ends are at least partly
offset laterally from each other in a side-to-side direction).

[0072] The manner in which the cylinders 62, 64 are assembled/mounted in the
compartment could also vary. For example, each cylinder could include an upper metal
rim engaged with a top of the cylinder and a lower metal rim engaged with a bottom of the
cylinder. Each upper metal rim could be threadedly engaged within a respective opening in
a top wall of the upper housing part 54 and each lower metal rim could be threadedly
engaged within a respective opening in a bottom wall of the lower housing part 56.

[0073] As mentioned above, the emitters and detectors could be mounted in
different ways that do not involve or require the use of the upright printed circuit board
106. For example, as shown in Fig. 27, each opening 88, 90 in the PCB may be adapted
for mounting of the emitters and detectors by configuring the PCB edge portion that
defines each opening with sequence of alternating steps 100 and recesses 102 for receiving
body portions of the emitters and detectors (e.g., emitters aligned with and positioned in
recesses 100 and detectors aligned with and positioned on steps 102 to form edge mounted
emitters and detectors). In such an embodiment, the emitters and detectors could include
one lead that attached to the top of the PCB and one lead that attaches to the bottom of the
PCB. The emitters and detectors could alternatively be mounted on the top side or bottom
side of the PCB. In such cases, optical fibers might be used to direct the emitted light
along the desired path through the cylindrical wall 62, 64 and, similarly, to receive light
and direct it to the detectors. Accordingly, one end of an optical fiber that emits light

generated by an LED at the other end of the optical fiber can be considered part of the
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emitter as that term is used herein, and one end of another optical fiber that receives light
and carries it to a photodiode at the other end of the optical fiber can be considered part of
the detector as that term is used herein.

[0074] Although emitters and detectors that are disposed around a cylindrical wall
are primarily described above, it is possible that in some systems the cylindrical wall could
be eliminated.

[0075] Moreover, the sensor compartment could incorporate cooling technology as
needed (e.g., compartment heat dissipated in a conductive manner, such as by a heat sink
adjacent the housing, or an air circulation with air exchange with a clean air source, such as
internal machine cabinet).

[0076] While the above described sensor compartment contemplates multiple
sensor rings for multiple corresponding item fall paths, it is recognized that other solutions
might utilize multiple sensor compartments, each with a single sensor ring, such as the
sensor assembly 350 shown in Fig. 28. Still other variations are possible.

[0077] Although a vibratory conveyor is primarily described above to feed items to
the sensor, other types of feed mechanisms could be used, such as a moving conveyor belt,
a sliding plate, a tube or a bowl.

[0078] Although the above description focuses primarily on an arrangement in
which items move downward along a fall path through the sensor assembly, with the sensor
assembly setting up the detection patterns in a substantially horizontal plane, it is
recognized that other orientations are possible. For example, Fig. 29 contemplates an
arrangement in which items 12 slide down a curved feed path 250 and then launch
substantially horizontally through a sensor assembly 20°. Items could also be accelerated
horizontally through such a sensor assembly 20’ by other means, such as an air flow, or
could even be moved at known velocity through the sensor assembly 20’ by a transparent
conveyor unit. In the configuration of Fig. 24, the detection patterns would be set up in a
substantially vertical plane. Of course, other orientations of the sensor assemblies (e.g.,
where the detection patterns are set up at an angle offset from both vertical and horizontal)
are possible as well, as needed to match the trajectory of items moving along a particular
item movement path. Thus, an item fall path is just one example of an item movement
path.

[0079] Although the above description focuses on active detection patterns that

have emitter to detector paths that are substantially parallel, in some cases active detection
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patterns could have paths that crisscross each other or some paths that are otherwise not
substantially parallel emitter to detector paths.

[0080] In this regard, reference is made to Fig. 30 showing a sensing system 450 in
which the emitter to detector paths that are set up for the formation of active detection
patterns are not substantially parallel. System 450 demonstrates that the arrangement of
emitters and detectors does not have be a one-to-one alternating pattern. Here, the upright
PCBs 452 carry detectors 454 (here numbering eight detectors 454 on each upright PCB
452) and emitters 456 are arranged in gaps between the upright PCBs.

[0081] Other variations and modifications are also possible.

[0082] ‘What is claimed is:
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Claims

1. A sensor system for evaluating an item as it moves, comprising:

a sensor assembly including a plurality of emitters and a plurality of detectors
disposed about an item movement path;

a controller configured for selectively operating the sensor assembly to set up a first
active detection pattern through the item movement path by sequentially and rapidly
checking an occlusion status of each of a first plurality of emitter to detector light paths
that make up the first active detection pattern, such that only one emitter to detector light
path of the first plurality of emitter to detector light paths is checked for occlusion at a

given instance.

2. The sensor system of claim 1, wherein the controller is configured to set up a
second active detection pattern through the item movement path by sequentially and
rapidly checking an occlusion status of each of a second plurality of emitter to detector
light paths that make up the second active detection pattern, such that only one emitter to
detector light path of the second plurality of emitter to detector light paths is checked for
occlusion at a given instance, wherein the second active detection pattern is angularly

rotated relative to the first active detection pattern.

3. The sensor system of claim 2, wherein the controller is further configured to:

set up a third active detection pattern through the item movement path by
sequentially and rapidly checking an occlusion status of each of a third plurality of emitter
to detector light paths that make up the third active detection pattern, such that only one
emitter to detector light path of the third plurality of emitter to detector light paths is
checked for occlusion at a given instance, wherein the third active detection pattern is
angularly rotated relative to both the first active detection pattern and the second active
detection pattern;

set up a fourth active detection pattern through the item movement path by
sequentially and rapidly checking an occlusion status of each of a fourth plurality of
emitter to detector light paths that make up the fourth active detection pattern, such that
only one emitter to detector light path of the fourth plurality of emitter to detector light

paths is checked for occlusion at a given instance, wherein the fourth active detection
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pattern is angularly rotated relative to each of the first active detection pattern, the second

active detection pattern and the third active detection pattern.

4. The sensor system of one of the preceding claims, wherein:

the first plurality of emitter to detector light paths comprises a first set of
substantially parallel emitter to detector light paths;

the second plurality of emitter to detector light paths comprises a second set of
substantially parallel emitter to detector light paths, the second set of substantially parallel
emitter to detector light paths is angularly rotated relative to the first set of substantially
parallel emitter to detector light paths;

the third plurality of emitter to detector light paths comprises a third set of
substantially parallel emitter to detector light paths, the third set of substantially parallel
emitter to detector light paths is angularly rotated relative to both the first set of
substantially parallel emitter to detector light paths and the second set of substantially
parallel emitter to detector light paths;

the fourth plurality of emitter to detector light paths comprises a fourth set of
substantially parallel emitter to detector light paths, the fourth set of substantially parallel
emitter to detector light paths is angularly rotated relative to each of the first set of
substantially parallel emitter to detector light paths, the second set of substantially parallel
emitter to detector light paths and the third set of substantially parallel emitter to detector

light paths.

5. The sensor system of one of claims 3 or 4, wherein the controller is configured to
repeatedly set up and capture occlusion data for at least the first, second, third and fourth
active detection patterns as the item moves in order to establish multiple data capture slices
for the item, each data capture slice corresponding to a respective position or zone along a

dimension of the item that runs parallel to a direction of movement of the item.

6. The sensor system of claim 5, wherein the controller is configured to utilize data
from the multiple data capture slices to calculate an approximate volume of the item,

wherein the controller is configured to compare the approximate volume to an expected
volume and to identify the item for rejection if the approximate volume is not within an

acceptable range of the expected volume.
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7. The sensor system of one of claims 3 or 4, wherein the controller is configured to
evaluate occlusion data from at least the first, second, third and fourth active detection
patterns in order to identify whether two spaced apart items are moving through a sensing

plane of the sensor assembly simultaneously.

8. The sensor system of claim 2, wherein:

the first plurality of emitter to detector light paths comprises a first set of
substantially parallel emitter to detector light paths;

the second plurality of emitter to detector light paths comprises a second set of
substantially parallel emitter to detector light paths, the second set of substantially parallel
emitter to detector light paths is angularly rotated relative to the first set of substantially
parallel emitter to detector light paths;

wherein the controller is configured to evaluate both the first active detection
pattern and the second active detection pattern to identify whether more than one item is

falling through a detection plane of the sensor assembly at the same time.

9. The sensor system of claim 8, wherein the controller is configured to identify that
more than one item is falling through the detection plane based upon identification of the
presence of both a first set of occluded and adjacent emitter to detector light paths and a
second set of occluded and adjacent emitter to detector light paths being present in at least
one of the first active detection pattern or the second active detection pattern, wherein at
least one unbroken emitter to detector light path exists between the first set of occluded and
adjacent emitter to detector light paths and the second set of occluded and adjacent emitter

to detector light paths.

10. The sensor system of one of claims 1 to 9, wherein the first active detection pattern
includes (i) a first emitter to detector light path from a first emitter of the plurality of
emitters to a first detector to the plurality of detectors and (ii) a second emitter to detector
light path from the first emitter to a second detector of the plurality of detectors, wherein
the first emitter is activated at a first intensity level when checking the first emitter to
detector light path and the first emitter is activated at a second intensity level when

checking the second emitter to detector light path, wherein the first detector is positioned
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angularly closer to the first emitter around a perimeter of the item movement path than is

the second detector, and the first intensity level is greater than the second intensity level.

11. The sensor system of one of claims 1 to 10, further comprising:
a printed circuit board including an opening through which the item movement path
extends, wherein the plurality of emitters and the plurality of detectors are mounted about

the opening in the printed circuit board.

12. The sensor system of claim 11, wherein the printed circuit board is a main circuit
board, the system further includes a plurality of upright printed circuit boards arranged
around the opening, and each upright printed circuit board includes multiple emitters of the
plurality of emitters mounted thereon and multiple detectors of the plurality of detectors

mounted thereon.

13. The sensor system of one of claims 1 to 12, wherein the controller is configured for
selectively operating the sensor assembly in a calibration mode when no item is within a
sense zone of the sensor assembly, wherein, in the calibration mode, for at least a first
emitter to detector light path, the controller is configured to:

(a) activate the emitter of the first emitter to detector light path at a set intensity
level and check the detector of the first emitter to detector light path for a detector signal
strength and, if the detector signal strength is outside of a predefined signal strength range,
adjust the set intensity level in a manner expected to bring detector signal strength within
the predefined signal strength range, wherein the set intensity level as adjusted is utilized to

activate the detector a next time the first emitter to detector light path is evaluated.

14. The sensor system of claim 13 wherein the controller is configured to carry out step

(a) for multiple additional emitter to detector light paths during the calibration mode.

15. A filling machine including the sensor system of one of claims 1 to 14, further
comprising:
an item reject mechanism for selectively removing the item identified for rejection,

wherein the item reject mechanism is a nozzle or pusher for moving a receptacle that
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receives the item identified for rejection out of a receptacle flow path after the item has

been filled into the receptacle.

16. A filling machine including the sensor system of one of claims 1 to 14, wherein the
filling machine includes an item feed path with a distal end positioned above the item
movement path, wherein the item movement path is vertically downward through a
transparent or translucent cylinder, and the plurality of emitters and the plurality of

detectors are arranged around the cylinder.

17. A filling machine including the sensor system of one of claims 1 to 14, further
comprising:
an item reject mechanism for selectively removing the item identified for rejection,
wherein the item rejection mechanism is one of:
a nozzle for selectively delivering a burst of fluid to move the item out of
the item movement path,
or
a flap mechanism selectively movable into the item movement path to divert

the item out of the item movement path by contact with the flap mechanism.

18. A sensor system for evaluating falling items, comprising:

a sensor assembly including a plurality of emitters and a plurality of detectors
disposed about an item drop path, wherein the plurality of emitters comprises at least forty
emitters and the plurality of detectors comprises at least forty detectors, wherein the
plurality of emitters and the plurality of detectors are arranged in an alternating sequence
about the item drop path,

a controller configured for selectively operating the sensor assembly to capture an
emitter to detector path occlusion data slice for an item as it falls through the drop path,
wherein the emitter to detector path occlusion data slice is captured by:

establishing a first active detection pattern through the item movement path
by sequentially and rapidly checking an occlusion status of each of a first plurality
of substantially parallel emitter to detector light paths that make up the first active

detection pattern;
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establishing a second active detection pattern through the item movement
path by sequentially and rapidly checking an occlusion status of each of a second
plurality of substantially parallel emitter to detector light paths that make up the
second active detection pattern, wherein the second active detection pattern is
angularly rotated relative to the first active detection pattern;
wherein the controller is configured to evaluate both the first active detection
pattern and the second active detection pattern to identify whether more than one item is

falling through a detection plane of the sensor assembly at the same time.

19. The sensor system of claim 18, wherein the controller is configured to identify that
more than one item is falling through the detection plane based upon identification of the
presence of both a first set of occluded and adjacent emitter to detector light paths and a
second set of occluded and adjacent emitter to detector light paths being present in at least
one of the first active detection pattern or the second active detection pattern, wherein at
least one unbroken emitter to detector light path exists between the first set of occluded and
adjacent emitter to detector light paths and the second set of occluded and adjacent emitter

to detector light paths.

20. A sensor system for evaluating an item as it moves, comprising:

a sensor assembly including a plurality of emitters and a plurality of detectors
disposed about an item movement path;

a controller configured for selectively operating the sensor assembly in a calibration
mode when no item is within a sense zone of the sensor assembly, wherein, in the
calibration mode, for at least one emitter to detector light path, the controller is configured
to:

(a) activate an emitter of the emitter to detector light path at a set intensity
level and check a detector of the emitter to detector light path for a detector signal
strength and, if the detector signal strength is outside of a predefined signal strength
range, the controller adjusts the set intensity level in a manner expected to bring

detector signal strength within the predefined signal strength range.

21. The sensor system of claim 20 wherein the set intensity level as adjusted is utilized

to activate the detector a next time the emitter to detector light path is evaluated.
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22. The sensor system of 20 wherein the controller is configured to carry out step (a)

for multiple additional emitter to detector light paths during the calibration mode.

23. A filling device for filling receptacles with a plurality of items, comprising:

an item conveyor including a plurality of item feed paths arranged above a
corresponding plurality of item drop paths, wherein each item feed path includes a distal
end at which items drop from the item feed path into an aligned one of the item drop paths;

wherein each item drop path includes a respective item sensor system positioned
therealong for sensing falling items;

wherein the plurality of item feed paths include a plurality of first item feed paths
and a plurality of second item feed paths, wherein the plurality of first item feed paths have
distal ends that are substantially aligned along a first drop plane, wherein the plurality of
second item feed paths have distal ends that are substantially aligned along a second drop
plane, wherein the second drop plane is offset from the first drop plane, wherein the
plurality of first item feed paths and the plurality of second item feed paths are arranged in

an alternating sequence across a width of the conveyor.

24. The filling device of claim 23 wherein each item drop path is defined in part by a
respective cylindrical wall, including a plurality of first cylindrical walls aligned with the
first drop plane and a plurality of second cylindrical walls aligned with the second drop

plane.

25. The filling device of claim 24 wherein each cylindrical wall is bounded by a
respective plurality of emitters and detectors of the respective item sensor system, wherein
cach cylindrical wall is transparent, or at least translucent to a light wavelength output by
the emitters, at least along a portion of a height of the cylindrical wall that aligns with the

plurality of emitters and detectors.

26. A sensor system for evaluating moving items, comprising:
a sensor assembly including:
a first plurality of emitters and detectors disposed about a first item

movement path;
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27.

28.

wherein the first plurality of emitters and detectors are mounted about a first

printed circuit board opening along the first item movement path.

The sensor system of claim 26, further comprising:

a second plurality of emitters and detectors disposed about a second item
movement path;

wherein the second plurality of emitters and detectors are mounted about a
second printed circuit board opening along the second item movement path;

wherein the first printed circuit board opening and the second printed circuit

board opening are located on a common printed circuit board.

The sensor system of claim 27 wherein the sensor assembly further includes:

a first cylinder aligned with the first printed circuit board opening, the first plurality

of emitters and detectors oriented inward toward the first cylinder;

a second cylinder aligned with the second printed circuit board opening, the second

plurality of emitters and detectors oriented inward toward the second cylinder.

29.

The sensor system of claim 28 wherein the first cylinder is a glass cylinder and the

second cylinder is a glass cylinder.

30.

A sensor system for evaluating moving items, comprising:

a sensor assembly including a sensor compartment including a plurality of item

movement paths therethrough, each item movement path:

31.

(1) being defined at least in part by a respective cylindrical wall;

(i1) having a plurality of emitters and detectors disposed within the
compartment and around the cylindrical wall of the item movement path, the
emitters oriented to emit light through the cylindrical wall and into the item
movement path, the detectors oriented to detect light that passes through the

cylindrical wall from the item movement path.

The sensor system of claim 30 wherein the first cylindrical wall is formed by a first

glass cylinder.
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