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(57) Abstract: A conveyor maintenance system and method determines when a conveyor requires cleaning by determining when
the conveyor is soiled beyond a predetermined threshold level. The system comprises a detector that collects optical data indica-
tive of the amount of soil on a conveyor, a memory that stores reference data indicative of a clean conveyor, and a controller that
compares the optical data indicative of the amount of soil on the conveyor to the reference data and determines whether the con-
veyor requires cleaning based on the comparison.
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CLEAN CONVEYOR SENSING SYSTEM

TECHNICAL FIELD

[0001] The invention relates to maintenance of a conveyor system.

BACKGROUND

[0002] Conveyor systems are used extensively in many industries to move materials
from one location to another efficiently and effectively. Regular maintenance is
required to maintain proper function of the conveyor systems. For example, in the
case of chain conveyor systems that include a metal conveyor comprising a plurality
of chain links, proper lubrication and cleaning is required to reduce the amount of
friction between different components of the conveyor system, such as between the
links of the chain.

[0003] Generation of soil on a conveyor is caused by abrasion between the conveyor
and the cargo that it carries, as well as by external factors, such as dust. If the
conveyor is not cleaned consistently, the amount of friction between components of
the conveyor system increases, causing the efficiency of the conveyor system to
decrease or maintenance problems to occur. Additionally, the soil may be
transferred to the cargo carried by the conveyor.

[0004] Generally, the cleaning schedule for a conveyor is determined on a time-
based schedule. For example, the conveyor may be cleaned every week, every two
weeks, once a month, etc. The conveyor may also be cleaned at a time subjectively
determined by an operator. The frequency of cleaning may depend upon one or
more factors such as the cargo carried by the conveyor, the speed of the conveyor,
the total amount of time the conveyor is up and running or the environment in which

the conveyor is installed.

SUMMARY

[0005] In one example, the disclosure is directed to a method comprising collecting

data related to at least one optical parameter from a conveyor, comparing the data to
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reference data related to the at least one optical parameter, and determining whether
the conveyor requires cleaning based on the comparison.

[0006] In another example, the disclosure is directed to a system comprising a
detector that collects optical data related to at least one optical parameter from a
conveyor, a memory that stores reference data, and a controller that compares the
optical data to the reference data, and determines whether the conveyor requires
cleaning based on the comparison.

[0007] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG. 1 is a block diagram illustrating a conveyor maintenance system that
determines when a conveyor requires cleaning.

[0009] FIG. 2 is a diagram illustrating a conveyor system and a maintenance system
that determines when the conveyor requires cleaning.

[0010] FIG. 3 is a flow diagram illustrating a technique for determining when a
conveyor requires cleaning.

[0011] FIG. 4A is a diagram illustrating an inner surface of a conveyor.

[0012] FIG. 4B is a diagram illustrating an outer surface of a conveyor.

DETAILED DESCRIPTION

[0013] In general, the disclosure is directed to a maintenance system and method for
conveyor systems that determines when a conveyor requires cleaning based on the
amount of soil on the conveyor. The maintenance system determines when a
conveyor requires cleaning by determining when the conveyor is soiled beyond a
particular threshold level. In some examples, the maintenance system includes a
sensor that senses the position of the conveyor and a detector that collects data based
on the position of the conveyor. The data may be related to an optical parameter that

corresponds to the amount of soil on the conveyor. In other examples, the sensor



WO 2011/092629 PCT/IB2011/050328

senses data related to passage of time and the detector collects data when a particular
amount of time has elapsed. The maintenance system also includes a controller that
analyzes the data to determine whether the conveyor requires cleaning.

[0014] FIG. 1 is a block diagram illustrating an example maintenance system 8 that
determines when a conveyor requires cleaning. Maintenance system 8 comprises a
sensor 10, a controller 12, a detector 14, a cleaning system 22 and a user interface
24. Controller 12 includes a memory 16, which includes a reference data module 18
and a detection data module 20.

[0015] In some examples, sensor 10 collects data related to the position of a
conveyor. For example, sensor 10 may comprise an inductive or capacitive sensor
that emits an electromagnetic or electrostatic field and senses changes in the field
related to the proximity of a particular component of the conveyor system to sensor
10. As another example, sensor 10 may comprise an optical sensor, e.g., an opto-
interrupter, that detects changes in reflectivity of a surface of the conveyor that may
be indicative of movement or rotation of the conveyor. Alternatively or
additionally, sensor 10 may collect data related to the passage of time. For example,
sensor 10 may comprise a time-keeping device such as a clock or a timer.

[0016] Controller 12 receives the data from sensor 10, analyzes the data and
instructs detector 14 to collect optical data based on the analysis. Controller 12 may
receive data from sensor 10 and determine that the conveyor has rotated to a position
or has rotated a distance that is desirable for collecting optical data related to the
amount and/or composition of soil on the conveyor. For example, controller 12 may
instruct detector 14 to collect optical data based on a determination that the conveyor
has rotated to a particular position with respect to detector 14. In other examples,
controller 12 may receive data from sensor 10 that indicates that a predetermined
amount of time has elapsed and instruct detector 14 to collect optical data when the
predetermined amount of time has elapsed.

[0017] Detector 14, in some examples, may be a red/green/blue (RGB) detector that
collects optical data related to the relative amounts of red, green and blue for a
particular portion of the conveyor that may be indicative of the amount and/or
composition of soil on the conveyor. In other examples, detector 14 may be a

grayscale detector that collects optical data related to the intensity of a particular
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portion of the conveyor expressed within a given range between a minimum (e.g.,
black) and a maximum (e.g., white). For example, the grayscale may range from
O=black to 256=white for a 4-bit grayscale. The grayscale reading may be indicative
of the amount and/or composition of soil on the conveyor. In other examples,
detector 14 may be a camera that captures optical data in the form of an image of a
particular portion of the conveyor.

[0018] Regardless of the particular type of detector 14 employed, controller 12
receives the optical data from detector 14 and determines whether the conveyor
requires cleaning based on an analysis of the optical data. Controller 12 may
compare the optical data received from detector 14 to reference data 18. Reference
data 18 may include, for example, optical data acquired at a time when the conveyor
was “clean.” More specifically, controller 12 may generate a metric related to an
optical parameter from the optical data and compare the metric to a corresponding
metric from reference data 18. If the difference in the metrics satisfies a threshold,
controller 12 may determine that the conveyor requires cleaning.

[0019] In some examples, controller 12 may determine an average value from
optical data collected from more than one portion of the conveyor in order to
eliminate any anomalies present in the optical data, and may use the average value in
order to determine whether the conveyor requires cleaning. For example, controller
12 may instruct detector 14 to capture a plurality of samples of optical data
indicative of the amount of soil on the conveyor at a selected frequency and/or for a
predetermined amount of time. Controller 12 may store the plurality of samples of
optical data as detection data 20. Once a particular number of samples have been
collected and/or the predetermined amount of time has elapsed, controller 12 may
access detection data 20 and generate one or more metrics for the optical data from
each sample. Controller 12 may determine an average value of the metrics from a
particular number of samples and determine whether the conveyor requires cleaning
based on the average value by comparing the average value to reference data 18. In
other examples, controller 12 may determine a maximum value, a minimum value, a
mean value and/or a range of values of the optical data samples, and may use these
in various ways to quantify the amount of soil on the conveyor. Those of skill in the

art will readily appreciate that although particular examples of quantifying the
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amount of soil on the conveyor using optical detection are described herein, the
invention is not limited in this respect, and that there are many ways known in the
art to sample and quantify optical data.

[0020] If controller 12 determines that the conveyor requires cleaning, controller 12
may activate cleaning system 22 to automatically initiate a cleaning cycle. Cleaning
system 22 may comprise a lubrication system or any other system that may be
effective in cleaning the conveyor. Cleaning system 22 may be fully or partially
automatic.

[0021] Alternatively or in addition, controller 12 may generate an electronic
communication to alert a user that the conveyor requires cleaning (or to alert a user
that a cleaning cycle was automatically initiated). For example, controller 12 may
generate a local visual or audible alert on user interface 24, or may generate an
electronic communication that is sent to a remotely located external device such as a
networked computer, cell phone, personal digital assistant, pager or other
communication device via e-mail, voice mail, text message, page, etc.

[0022] FIG. 2 is a diagram illustrating an example conveyor system 26 and an
example maintenance system 8 (FIG. 1). In this example, conveyor system 26
includes a conveyor 28 and a drive shaft 30. Drive shaft 30 is positioned inside
conveyor 28 and causes conveyor 28 to rotate. However, it shall be understood that
other types of conveyor systems may also be used, and that the invention is not
limited in this respect.

[0023] In some examples, sensor 10 captures data indicative of whether the
conveyor is in an appropriate position for detector 14 to capture the optical data
indicative of the amount of soil on the conveyor. In this case, sensor 10 is
positioned with respect to conveyor system 26 such that data concerning the current
conveyor position may be detected. Controller 12 may determine the current
conveyor position from sensor data captured with respect to the conveyor itself.
Alternatively, controller 12 may infer the current conveyor position from sensor data
captured with respect to one or more other portions of the conveyor system such as
the drive shaft 30. When the data from sensor 10 indicates that the conveyor is in an
appropriate position, controller 12 may instruct detector 14 to capture optical data

indicative of the amount of soil on the conveyor.
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[0024] In the examples where sensor 10 captures data indicative of conveyor
position, sensor 10 may be an inductive sensor, a capacitive sensor, an optical
sensor, such as an opto-interrupter, that detects when a beam is either broken or
detected by conveyor 28, an optical sensor that detects position of a marker or
physical characteristic of conveyor 28, a physical sensor triggered by physical
contact with some portion of conveyor 28 or marker placed on or connected to
conveyor 28, or other sensor capable of detecting conveyor position.

[0025] In the case where the sensor 10 is an inductive, capacitive or magnetic
sensor, a particular portion of drive shaft 30 may be equipped with object 32 that
changes the electromagnetic or electrostatic field produced by sensor 10.
Consequently, sensor 10 may sense a change in the field when the particular portion
of drive shaft 30 equipped with object 32 rotates into proximity with sensor 10. The
change in the field may be indicative of conveyor 28 having rotated a particular
amount, and controller 12 may instruct detector 14 to collect optical data indicative
of the amount of soil on the conveyor when conveyor 28 has rotated the particular
amount. In some examples, multiple portions of drive shaft 30 may be equipped
with objects 32 and controller 12 may instruct detector 14 to collect optical data
more than once per revolution of drive shaft 30.

[0026] In other examples, rather than or in addition to sensing conveyor position,
sensor 10 is a time-keeping device such as a clock or a timer.

[0027] Controller 12 receives and analyzes data collected by sensor 10 in order to
determine whether the conveyor is in an appropriate position for detector 14 to
collect optical data indicative of the amount of soil on the conveyor. For example,
controller 12 may receive data from sensor 10 that indicates that object 32 has
rotated into proximity with sensor 10. In other examples, controller 12 may receive
data from sensor 10 that indicates that the conveyor is an appropriate position.
Controller 12 may then instruct detector 14 to collect optical data from conveyor 28
because a particular portion, e.g., an opening between the links, of conveyor 28 has
rotated into proximity with detector 14. In other examples, controller 12 may
instruct detector 14 to collect optical data from conveyor 28 because a particular

amount of time has elapsed.



WO 2011/092629 PCT/IB2011/050328

[0028] As shown in FIG. 2, detector 14 is positioned beneath sensor 10. However,
in other examples, detector 14 may be positioned above sensor 10, on the opposite
side of conveyor system 26 as sensor 10, or at any position that may allow detector
14 to collect optical data from conveyor 28. In other examples, detector 14 and
sensor 10 may be contained within the same housing.

[0029] As discussed with respect to FIG. 1, in some examples, detector 14 may
comprise a RGB detector, which comprises a photodiode, i.e., a circuit element that
converts light into current or voltage, coupled to red, green and blue filters. The red,
green, and blue filters allow the photodiode to generate data based on the amount
and distribution of red, green, and blue within a particular data sample, e.g., within a
particular portion of conveyor 28. The amount and distribution of red, green and
blue within a particular portion of conveyor 28 may be indicative of the amount of
soil on conveyor 28. For example, an increase in the amount of red, green and/or
blue within the particular portion of conveyor 28 may indicate an increase in the
amount of soil on conveyor 28. An increase above a particular threshold value may
indicate that conveyor 28 requires cleaning.

[0030] RGB detector 14 collects optical data from a particular portion of conveyor
28, e.g., from between two links of conveyor 28, related to the red, green, and blue
color composition of the particular conveyor portion and converts the optical data to
a format that is compatible with controller 12, e.g., a current or voltage if controller
12 requires an electrical input. Controller 12 receives the optical data and may
access reference data 18 to make a comparison. Reference data 18 may include data
collected by RGB detector 14 when conveyor 28 was determined to be clean (either
subjectively or objectively). Controller 12 may determine a metric based on the
comparison of the data to reference data 18, e.g., a percentage increase in the
amount of red, green, and/or blue detected on the particular portion of conveyor 28
in comparison to reference data 18. If the metric exceeds a particular threshold
value, e.g., a fifty percent increase in the amount of red, green and/or blue, controller
12 may determine that conveyor 28 requires cleaning.

[0031] In other examples, controller 12 receives a data set from RGB detector 14 for
a plurality of data collection events and stores the data sets in data detection 20.

After storing each of the plurality of data sets, controller 12 may increment a data



WO 2011/092629 PCT/IB2011/050328

collection counter. When the data collection counter reaches a particular threshold
value, e.g., four data collection events (or some other predetermined number),
controller 12 may access the data from data detection 20 and determine a metric for
each data set. Controller 12 may then determine an average value for the metrics
and may compare the average value to data stored in reference data 18 to determine
whether the metrics exceed a particular threshold value and conveyor 28 requires
cleaning. Controller 12 may also or alternatively analyze the optical data in other
ways known of skill in the art to determine whether the conveyor requires cleaning.
[0032] In other examples, detector 14 may comprise a grayscale detector (e.g., a
photodiode or other optical detector) that collects data that is based on the
distribution of light intensity within a particular sample, e.g., a particular portion of
conveyor 28. As with RGB detector 14, grayscale detector 14 may generate data
indicative of the amount of soil on the conveyor 28. Controller 12 may determine
whether conveyor 28 requires cleaning based on comparing grayscale data included
in reference data 18 to the data received from grayscale detector 14.

[0033] In other examples, detector 14 may comprise an image capture device, such
as a camera, that takes an image of a particular portion of conveyor 28. Controller
12 may receive the image from detector 14 and compare the image to a reference
image stored in reference data 18. For example, controller 12 may determine a
metric for each pixel of the image indicative of the color composition and/or the
intensity of each pixel. Controller 12 may determine a corresponding metric for
cach pixel of the reference image and compare the metrics from each pixel of the
image and each pixel of the reference image to determine whether the particular
portion of conveyor 28 exhibits an increase in the color or intensity, which may
indicate an increase in the amount of soil on the conveyor 28. Controller 12 may
determine whether conveyor 28 requires cleaning based on comparing the image to
the reference image.

[0034] If controller 12 determines that conveyor 28 requires cleaning, controller 12
may alert a user, €.g., an operator, a plant manager, maintenance personnel. The
user may initiate cleaning of conveyor 28 in response to receiving the alert.
Alternatively or additionally, controller 12 may automatically activate cleaning

system 22 if controller 12 determines that conveyor 28 requires cleaning. Cleaning
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system 22 may, in some examples, be a lubrication system that applies wet or dry
lubrication to one or more components of conveyor system 26 in order to reduce
friction between the components, reduce the amount of soil present on the conveyor
and/or increase efficiency of conveyor system 26.

[0035] FIG. 3 is a flow diagram illustrating an example processes by which
controller 12 may determine when conveyor 28 (FIG. 2) requires cleaning.
Controller 12 receives data collected by sensor 10 (34). For example, controller 12
may receive data related to the current position of conveyor 28, from which
controller 12 may determine whether the conveyor is an appropriate position for
capture of optical data indicative of the amount of soil on the conveyor. Controller
12 may alternatively or additionally receive data from sensor 10 indicating that a
predetermined amount of time has elapsed. Controller 12 determines whether to
instruct detector 14 to collect optical data based on the data received from sensor 10
(36). If controller 12 determines that it is an appropriate time to capture the optical
data, controller 12 instructs detector 14 to collect optical data from conveyor 28
(38). If controller 12 determines that detector 14 should not collect optical data at
this time, controller 12 continues to monitor and receive data from sensor 10 (34).
[0036] Controller 12 receives the optical data collected by detector 14 (40).
Controller 12 may compare the optical data to reference data 18 (42), which may
comprise data collected when conveyor 28 was determined to be clean. Controller
12 determines a metric based on the comparison of the optical data collected by
detector 14 to reference data 18 (44). Controller 12 compares the metric to a
particular threshold value to determine whether the metric exceeds a particular
threshold value (46). If controller 12 determines that the metric does not exceed the
particular threshold, controller 12 determines that the conveyor does not require
cleaning and continues to monitor and receive data from sensor 10 (34). If
controller 12 determines that the conveyor requires cleaning, controller 12 may
activate a cleaning system to clean conveyor 28 and/or generate a user alert
indicating that conveyor 28 requires cleaning (50).

[0037] In other examples, controller 12 receives the optical data collected by
detector 14, stores the data in data detection module 20, and increments a data

collection counter based on storing the optical data in data detection module 20.
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Controller 12 monitors the data collection counter to determine whether the data
collection counter has exceeded a particular threshold, e.g., to determine whether
enough data sets have been stored or enough data has been collected. If controller
12 determines that the data collection counter has exceeded the threshold, controller
12 may determine metrics for an optical parameter for each of the stored data sets,
determine an average value for the metrics, and compare the average value to
reference data 18 in order to determine whether the difference between the average
value and reference data 18 exceeds a particular threshold value, e.g., an increase in
intensity of sixty percent, in order to determine whether conveyor 28 requires
cleaning.

[0038] In some examples, the threshold setting and/or the “clean” reference setting
may be adjusted by a user or service technician so that the maintenance system 8
may be adapted to different conveyor applications and environments.

[0039] FIG. 4A is a diagram illustrating a portion of the inner surface of conveyor
28 that directly contacts drive shaft 30 when conveyor 28 is rotating as a component
of conveyor system 26 (FIG. 2). FIG. 4A illustrates the inner surface of three links
52 of conveyor 28, each comprising an inside area 54 and outside areas 56. The
amount of soil on the surfaces of inside area 54 and/or outside areas 56 may be
indicative of the amount of soil on most or all portions of the inner surface of
conveyor 28. Consequently, in some examples, detector 14 may be positioned to
collect optical data from inside area 54 and/or outside areas 56 in order to determine
whether conveyor 28 requires cleaning.

[0040] In some examples, detector 14 may be positioned proximal to the inner
surface of conveyor 28 in order to collect optical data from inside area 54 and/or
outside areas 56. In examples in which detector 14 is positioned proximal to the
inner surface of conveyor 28, detector 14 may be equipped with a cleaning tool or
system in order to ensure that the data collected by detector 14 is not influenced by
dirt or debris that may accumulate on the surface of detector 14. Alternatively or
additionally, a user may clean detector 14 periodically.

[0041] FIG. 4B is a diagram illustrating a portion of the outer surface of conveyor
28 that directly contacts the cargo being transported by conveyor system 26 and does

not directly contact drive shaft 30. FIG. 4B illustrates the outer surface of links 52
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of conveyor 28. Openings 58 between links 52 may appear when links 52 are in the
process of rotating around drive shaft 30.

[0042] Sensor 10 may, in some examples, sense openings 58 and controller 12 may
determine that conveyor 28 has rotated to a particular position or has rotated a
particular distance, e.g., one full revolution, based on sensing openings 58. For
example, if conveyor 28 comprises a particular number of openings 58, e.g., 100
openings, controller 12 may determine that conveyor 28 has rotated one full
revolution based on determining that sensor 10 has sensed the particular number of
openings, €.2., 100 openings in this example.

[0043] Sensor 10 may, in some examples, comprise an inductive or capacitive
sensor, as discussed with respect to FIG. 2. In other examples, sensor 10 may
comprise an optical sensor, e.g., an opto-interrupter, which senses the reflectivity of
a portion of conveyor 28. Controller 12 may determine that changes in the
reflectivity of the portion of conveyor 28 may be indicative of movement or rotation
of conveyor 28. For example, sensor 10 may be positioned to sense the reflectivity
of the outer edges, e.g., outer edge 60, of the outer surface of conveyor 28 because
openings 58 may have a different reflectivity than the outer surface of links 52.
Controller 12 may determine that openings 58 have rotated past sensor 10 a
particular number of times based on changes in the reflectivity of the outer edges of
the outer surface of conveyor 28 as the outer edges rotate past sensor 10.
Consequently, controller 12 may determine that conveyor 28 has rotated to a
particular position or has rotated a particular distance. Alternatively or additionally,
sensor 10 may sense reflectivity of a portion of drive shaft 30 in order to determine
whether conveyor 28 has rotated to a particular position or has rotated a particular
distance.

[0044] Alternatively or additionally, a reflective material or other visible marker
may be applied to a portion of conveyor system 26 that rotates or moves during
operation, e.g., drive shaft 30 or a portion of links 52. Sensor 10 may be positioned
to sense presence of the reflective material or other visible marker. Controller 12
may determine that conveyor 28 has rotated to a particular position or has rotated a
particular distance based on sensing of the reflective material or other visible

marker.
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[0045] Alternatively, sensor 10 may detect presence of the openings 58 between
links 52, which may trigger capture of the optical data indicative of the amount of
soil on the conveyor. On some conveyor systems, such as a link system shown in
FIGS. 4A and 4B, soil may tend to collect on the edges of the links at the openings
58. Openings 58 may accumulate soil more quickly than the outer or inner surfaces
of conveyor 28, and optical data captured with respect to openings 58 may therefore
provide a more accurate indication of when conveyor 28 requires cleaning. Thus, in
some examples, the optical data indicative of the amount of soil on the conveyor
may be captured with respect to the times when openings between links are
relatively more exposed as the conveyor rotates around the drive shaft. Controller
12 may compare optical data collected by detector 14 from openings 58 to reference
data 18 collected and stored when openings 58 were determined to be clean.
Alternatively or additionally, detector 14 may compare optical data collected from
openings 58 to optical data collected from the outer or inner surfaces of conveyor 28
to determine whether conveyor 28 requires cleaning, instead of comparing the
optical data to reference data 18.

[0046] Alternatively or additionally, instead of sensing the position of the conveyor,
sensor 10 may comprise a time-keeping device such as a clock or a timer.
Controller 12 may receive data from sensor 10 related to the passing of time.
Controller 12 may then determine that a particular amount of time has elapsed, e.g.,
one minute, and that, consequently, detector 14 may collect optical data from
conveyor 28.

[0047] Various examples of the invention have been described. These and other

examples are within the scope of the following claims.
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CLAIMS:

1. A method comprising:
collecting data related to at least one optical parameter from a conveyor;
comparing the data to reference data related to the at least one optical
parameter; and
determining whether the conveyor requires cleaning based on the

comparison.

2. The method of claim 1, further comprising determining that a particular
amount of time has elapsed, wherein collecting data comprises collecting data based

on determining that the particular amount of time has elapsed.

3. The method of claim 1, further comprising determining that the conveyor is
in a particular physical position, wherein collecting data comprises collecting data

based on determining that the conveyor is in the particular physical position.

4. The method of claim 3, wherein determining that the conveyor is in the
particular physical position comprises sensing an opening between two links of the

conveyor.

5. The method of claim 3, wherein determining that the conveyor is in the
particular physical position comprises determining that the conveyor has rotated a

particular distance.

6. The method of claim 1, further comprising:
determining that the conveyor is clean; and

collecting the reference data when the conveyor is clean.
7. The method of claim 1, further comprising at least one of activating a

cleaning system or alerting a user based on determining that the conveyor requires

cleaning.

13
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8. The method of claim 1, further comprising:

incrementing a data collection counter based on collecting data;

determining that the data collection counter has reached a particular
threshold value; and

determining at least one of an average, maximum, minimum, or range value
based on metrics for at least two sets of data based on determining that the data
collection counter has reached the particular threshold value,

wherein determining that the conveyor requires cleaning based on the
metrics comprises determining that the conveyor requires cleaning based on the at

least one of an average, maximum, minimum, or range value.

9. A system comprising:

a detector that collects optical data related to at least one optical parameter
from a conveyor;

a memory that stores reference data; and

a controller that compares the optical data to the reference data and

determines whether the conveyor requires cleaning based on the metric.

10. The system of claim 9, further comprising a sensor that collects sensor data

concerning a position of the conveyor.
11. The system of claim 10, wherein the controller analyzes the sensor data to
determine whether the conveyor is in an appropriate position to collect the optical

data.

12. The system of claim 11, wherein the controller instructs the detector to

collect optical data based on the sensor data.

13. The system of claim 10, wherein the sensor comprises at least one of an

inductive sensor, a capacitive sensor, an optical sensor, or a timing sensor.

14
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14. The system of claim 10, wherein the sensor comprises one of an RGB sensor

or a grayscale sensor.

15. The system of claim 10, wherein the sensor senses openings between links of

the conveyor.

16. The system of claim 15, wherein the detector collects optical data from at

least one opening between links of the conveyor.

17. The system of claim 9, wherein the detector collects optical data from an

inner surface of the conveyor.

18. The system of claim 9, wherein the detector collects optical data from an

outer surface of the conveyor.
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