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INSECT SINGULATION AND CLASSIFICATION

BACKGROUND
[0001] As part of a Sterile Insect Technique (SIT) program, insects be may be classified as
male or female and selectively sterilized before being released into the wild. Such programs
may be implemented to minimize or eliminate insect-borne diseases and/or to manage insect
populations in certain areas. Depending on the program, classification and sterilization may be
performed at one or more stages of insect development. For example, adult male and female

insects may be classified based on sex prior to one sex being sterilized.

BRIEF SUMMARY
[0002] Various examples are described including systems, methods, and devices relating
to singulating and sorting adult insects.
[0003] One general aspect includes an insect sortation system, including: an insect pathway
defining an interior volume and having an inlet and an outlet, where an approach zone of the
insect pathway is defined adjacent the inlet, a classification zone of the insect pathway is
defined adjacent the outlet, and a singulation zone of the insect pathway is defined between the
approach zone and the classification zone. The insect sortation system also includes a puff back
region defined adjacent the inlet. The insect sortation system also includes a puff forward
region defined adjacent the outlet. The insect sortation system also includes an imaging system
disposed adjacent the insect pathway and configured to image insects on the insect pathway.
[0004] Another general aspect includes an insect sortation method, including: receiving
image data from an imaging system disposed adjacent to an insect pathway, the image data
representative of one or more insects on the insect pathway. The insect sortation method also
includes determining positions of one or more insects with respect to a plurality of zones of the
insect pathway based on the image data. The insect sortation method also includes causing
movement, by a puff system, of at least one insect of the one or more insects based on a position
of the at least one insect with respect to the plurality of zones. The insect sortation system may
be computer-implemented. Other examples of this aspect include corresponding computer
systems, apparatus, and computer programs recorded on one or more computer storage devices,
each configured to perform the actions of the method.
[0005] Another general aspect includes a non-transitory computer-readable storage device
including computer-executable instructions that, when executed by a computer system, cause

the computer system to perform operations including: receive image data from an imaging
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system disposed adjacent to an insect pathway, the image data representative of one or more
insects on the insect pathway. The operations also include determine positions of one or more
insects with respect to a plurality of zones of the insect pathway based on the image data. The
operations also include causing movement, by a puff system, of at least one insect of the one
or more insects based on a position of the at least one insect with respect to the plurality of

Zones.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The accompanying drawings, which are incorporated into and constitute a part of
this specification, illustrate one or more certain examples and, together with the description of
the example, serve to explain the principles and implementations of the certain examples.
[0007] FIG. 1 illustrates a top view of an insect sortation system, according to at least one
example.
[0008] FIG. 2 illustrates a section view of the insect sortation system of FIG. 1, according
to at least one example.
[0009] FIG. 3 illustrates an example device including a management module for managing
aspects of the insect sortation system of FIG. 1, according to at least one example.
[0010] FIG. 4 illustrates example images of pairs of insects, according to at least one
example.
[0011] FIG. 5 illustrates an example flow chart depicting process for classifying insects,
according to at least one example.
[0012] FIG. 6 illustrates an example system for implementing techniques relating to

classifying insects, according to at least one example.

DETAILED DESCRIPTION
[0013] Examples are described herein in the context of an insect sortation system and
corresponding methods for singulating and classifying adult stage insects, and in particular
adult stage mosquitoes of particular species. Those of ordinary skill in the art will realize that
the following description is illustrative only and is not intended to be in any way limiting. For
example, the systems and processes described herein can be used to singulate and classify
mosquitoes and insects in other stages and/or other species. Reference will now be made in
detail to implementations of examples as illustrated in the accompanying drawings. The same
reference indicators will be used throughout the drawings and the following description to refer

to the same or like items.
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[0014] In the interest of clarity, not all of the routine features of the examples described
herein are shown and described. It will, of course, be appreciated that in the development of
any such actual implementation, numerous implementation-specific decisions must be made in
order to achieve the developer’s specific goals, such as compliance with application- and
business-related constraints, and that these specific goals will vary from one implementation
to another and from one developer to another.

[0015] In an illustrative example, an insect sortation system is configured to manage
movement of insects along a predefined pathway in a manner that enables an imaging system
time to capture images of the insects and a computing device to classify the insects based on
the images. To this end, the insect sortation system includes an insect pathway or corridor in
which insect such as mosquitoes walk single file in one direction from an inlet to an outlet. An
overhead camera is positioned to view (and image) the insects as they walk on the insect
pathway (e.g., the insect pathway may have a transparent ceiling). The system includes a puft-
back system located adjacent the inlet. The puff-back system is configured to output a blast of
air to drive insects toward the inlet. Further down the insect pathway, the system includes a
puff-forward system located adjacent the outlet. The puff-forward system is configured out
output a blast of air to drive insects toward the outlet. The puff systems can be selectively
controlled to break up groups of insects and separate single insects from a group of insects, and
to position insects in particular locations along the pathway.

[0016] The insect pathway is divided into multiple zones which correspond to functions
that the system performs in the various zones. For example, after the inlet and adjacent the
puff-back system, the insect pathway includes an approach zone. Adjacent the outlet and the
puff-forward system, the insect pathway includes a classification zone. And finally, between
these two zones, the insect pathway includes a singulation zone. The system, in some cases,
includes a mechanical shutter located in the singulation zone. The shutter controls back
pressure when the two puff systems are operating and holds back insects while a singulated
insect is being classified.

[0017] The puff systems, the overhead camper, and the shutter are computer-controlled to
separate and singulate the insects as they move through the insect pathway, and to image the
insects. Rules for operating the puff systems, the shutter, the overhead camera, and other
components depend on in which zone the insect is located. For example, the rules can define
time thresholds for how long an insect can remain in a particular zone and/or quantity

thresholds for how many insects can be present at any one time in a particular zone.
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[0018] FIGS. 1 and 2 respectively illustrate a top view and a section view of an insect
sortation system 100 for singulating and separating insects based on a determined
classification, according to at least one example. The insect sortation system 100, which is
illustrated in a simplified form, can be used to singulate, count, classify, and sort a population
of insects based on any suitable characteristics. For example, the characteristics can include
sex, size, species, genus, health, and the like. The insect sortation system 100 includes any
suitable combination of chambers, paths, doors, blowers, lights, actuators, and any other
mechanical or electrical means to singulate the population of insects in a manner that enables
counting, classifying, and sorting. These components of the insect sortation system 100 may
be actuated by instructions provided by the computing device 102 via the network 104. In this
manner, the computing device 102 may control the operation of the insect sortation system
100. The network 104 may be any suitable combination of wired, wireless, local, wide-area,
cellular, and any other network for enabling device communication.

[0019] In some examples, one or more components of the insect sortation system 100 are
connected to the computing device 102 via one or more hardware interfaces such as would be
appropriate for the given component. Such interfaces may enable the computing device 102 to
communicate with the components of the insect sortation system 100.

[0020] Turning now to the details of the insect sortation system 100, the system 100
includes an insect pathway 106 that includes an inlet 108 and an outlet 110. Generally, the
insect pathway 106 provides a bounded path for guiding movement of insects 112 from the
inlet 108 to the outlet 110 in the direction of the directional arrows in FIG. 1. As the insects
112 move along the insect pathway 106 different systems interact with the insects 112 to
achieve the purposes described herein.

[0021] An end cross-sectional size of the insect pathway 106, as described with respect to
FIG. 2, may be selected to correspond to an example insect that is being processed by the insect
sortation system 100. For example, the insect pathway 106 may have a rectangular cross section
defined by a height H and a width W. In some examples, W is greater than H. The value of H
may be larger than an average height of a population of insects 112. The value of W may be
larger than an average foot-to-foot exterior width of the population of insects 112 to be
processed by the insect sortation system 100.

[0022] The insect pathway 106 is formed from a plurality sections 126 including a ceiling
section 126(1), a floor section 126(2), and a pair of connecting wall sections 126(3), 126(4),
which generally define a rectangular interior volume Generally, the insects 112 may walk

through the interior volume along the floor section 126(2). Below the floor section 126(2) is
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disposed a lighting element 128 positioned and configured to shine light into the interior
volume 144 of the insect pathway 106 to provide back-lighting for the imaging system 121. To
achieve this function, the floor section 126(2) may be formed from a translucent material such
as a translucent plastic or glass. Such backlighting may be desirable to improve the likelihood
that the system can distinguish one insect from another and individual parts of an insect.
[0023] The ceiling section 126(1) may be formed from a transparent material to allow the
overhead imaging system 121 to view the interior volume 144 without obstruction. In some
examples, the ceiling section 126(1) is excluded. The pair of connecting wall sections 126(3),
126(4) may be formed from any suitable material, which may range from opaque to transparent.
In some examples, using opaque material may encourage the insects 112 to move forward
toward the outlet 110.

[0024] The insect pathway 106 is divided to define a plurality of zones 114(1)-114(N).
Edges of the zones 114 may be physically demarcated in the insect pathway 106 and/or may
be virtually demarcated, i.e., stored in by the computing device 102. Each zone 114 extends
longitudinally along the insect pathway 106. The actions performed with respect to the insects
112 while on the insect pathway 106 may depend on which zone 114 the insect is located.
These actions are defined by a set of rules which are implemented by a processor of the
computing device 102. Examples of such rules and corresponding actions are described with
reference to FIG. 4. While three zones 114 are illustrated, it should be understood that any
suitable number of zones including more than three or less than three may be used.

[0025] Zone 114(1) is referred to as an approach zone. Zone 114(2) is referred to as a
singulation zone. Zone 114(3) is referred to as a classification zone. The approach zone 114(1)
begins at the inlet 108 and ends at a first edge of the singulation zone 114(2). The singulation
zone 114(2) extends between the approach zone 114(1) and the classification zone 114(3). The
classification zone 114(3) begins at a second edge of the singulation zone 114(2) and ends at
the outlet 110.

[0026] The insect sortation system 100 also includes one or more puff systems such as a
puff-back system 118(1) located at a puff-back region of the insect pathway 106 and a puft-
forward system 118(2) located at a puff-forward region of the insect pathway 106. The puff
systems 118 are in communication with, and in some examples, under control of the computing
device 102. Generally, the puff systems 118 are configured to output small amounts or “puffs”
of air into the insect pathway 106 to move the insects 112, e.g., toward the inlet 108 and/or
toward the outlet 110. In some examples, the puff systems 118 puff the insects 112 in directions

other than toward the inlet 108 and toward the outlet 110. While one puff-back system 118(1)



WO 2020/226933 PCT/US2020/030127

and one puff-forward system 118(2) are illustrated, it should be understood that more than one
of each may be used. For example, a puff-back system 118(1) may be placed on both sides of
the insect pathway 106 (e.g., above and below the insect pathway 106 in the illustrated view).
Similarly, a puff-forward system 118(2) may be placed on both sides of the insect pathway
106. In some examples, the puff systems 118 are positioned above and/or below the insect
pathway 106 in addition to or instead of the side(s).

[0027] An example of the puff-back system 118(1) is illustrated in FIG. 2. Other puff
systems 118 are omitted from FIG. 2 for purposes of clarity. The puff-back system 118(1)
includes an air source 130 connected to a puff outlet 132. A control valve 134 is positioned
between the air source 130 and a distal end of the puff outlet 132. The distal end of the puff
outlet 132 extends into the interior volume 144. In some examples, more than one puff outlet
132 is included, which can be controlled by one control valve 134 using a manifold of puff
outlets 132 disposed longitudinally along the pathway 106 or multiple control valves 134 each
connected to a puff outlet 132. The use of multiple puff outlets 132 may enable more granular
movement and singulation of insects. In operation, the air source 130, which is a pump,
pressure vessel, or a pump in combination with a pressure vessel, increases pressure in the puff
outlet 132 and the control valve 134 is selectively opened and closed to let the air escape via
the distal end. In this manner, the puff-back system 118(1) puts out a “puff” of air. In some
examples, the control valve 134 may be selectively opened and closed within a few
milliseconds.

[0028] The insect sortation system 100 also includes an imaging system 121 including one
or more imaging devices 120(1)-120(N) in communication with, and in some examples, under
the control of the computing device 102. The imaging system 121 is configured to capture
images of regions of interest within the insect pathway 106. In some examples, the field of
view of the imaging system 121 covers the entire insect pathway 106, e.g., from the inlet 108
to the outlet 110. In this manner, the imaging system 121 may image the insects 112 at various
positions along the insect pathway 106. Given the geometric sizing of the insect pathway 1006,
the insects 112 move generally in a single-file line along the insect pathway 106. Because of
this, the imaging system 121 is configured to capture images of individual insects 112 as they
move through the insect pathway 106.

[0029] The insect sortation system 100 also includes a shutter 122 in communication with,
and in some examples, under the control of the computing device 102. The shutter 122 is
positioned partway between the inlet 108 and the outlet 110. In this manner, the shutter 122

divides an interior volume 144 of the insect pathway 106 into a first compartment including
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the approach zone 114(1) and a portion of the singulation zone 114(2), and a second
compartment including the classification zone 114(3) and a portion of the singulation zone
114(2). The shutter 122 is operable between an open state and a closed state. In the open state,
the insects 112 can move between the two compartments. In the closed state, the insects 112
are prevented from moving between the two compartments.

[0030] An example of the shutter 122 is illustrated in FIG. 2. As illustrated, the shutter 122
includes a frame 138 in which is held a door 140 and an actuator 142 operably connected to
the door 140. In operation, the actuator 142 slides the door 140 within the frame 138 between
the open state and the closed state. The door 140 of the shutter 122 may open top-to-bottom,
bottom-to-top, or from either side in the insect pathway 106. In some examples, the shutter 122
includes more than one door 140, e.g., a plurality of angular doors that open and close in
different directions. In FIG. 2, the door 140 is illustrated in a partially open state.

[0031] If an insect 112 remains in the shutter 122 greater than some predetermined
threshold of time, the computing device 102 causes the puff-back system 118(1) to output an
air blast to remove the insect 112 from the shutter 122.

[0032] Finally, the insect sortation system 100 also includes one or more sort chambers
124(1)-124(N). The sort chambers 124 are used to hold the insects 112 after they have been
classified in the classification zone 114(3). Each of the sort chambers 124 can hold the insects
112 having different characteristics. In some examples, two sort chambers 124 are included. In
other examples, a single sort chamber 124 is used and into which is directed insects 112 having
a certain characteristic (e.g., sex equals male), while all other insects (e.g., sex equals not-male)
are directed to a waste chamber. The insects 112 can be removed from the sort chambers 124
in any suitable way (e.g., using compressed air) and used for any suitable purpose (e.g., a SIT
program).

[0033] As the components of the insect sortation system 100 have now been described,
their respective functions will now be described. Additional functions will be described with
reference to the corresponding flow chart(s). Generally, when a population of insects 112 first
enters the insect pathway 106, information about the population can be obtained from the
imaging system 121, and this information can be used to self-calibrate components of the insect
sortation system 100. For example, the information may include the general size of the insects,
size of legs, number of legs, etc., which may be used as a parameter to calibrate the imaging
system 121, the shutter 122, the lighting element 128, and other components of the system 100.
[0034] As the insects enter the approach zone 114(1), the insects 112 begin to line up one-

by-one within the insect pathway 106. For example, a population of insects 112 may move
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from a holding chamber via a funnel 116 and onto the approach zone 114(1) via the inlet 108.
Given the size of the insect pathway 1006, the insects 112 are constrained to line up front-to-
back. However, in some cases, the insects 112 may get tangled, begin to bunch up, or otherwise
crowd each other. The imaging system 121 captures images of the insects 112 as they move
within the approach zone 114(1). Images may be sampled at a rate of 10 frames/second. In
some examples, the sampling rate may be greater than or less than 10 frames/second. The
computing device 102 processes the images using an object detection algorithm to determine
positions of the insects 112. In some examples, their positions are determined with respect to
the shutter 122. If the insects 112 are crowding each other, are not moving, or are moving too
fast, the computing device 102 instructs the puff-back system 118(1) to output a puff of air to
blow back the insects 112, e.g., toward the inlet 108. These are examples are rules that can be
implemented in the approach zone 114(1). This puff functions to separate the clump of insects
112 and, often times, results in separation of a single insect from the clump. A puff can be part
of a puff sequence, with a first puff being rather gentle and the intensity increasing with
subsequent puffs.

[0035] As the insects continue through the approach zone 114(1) and into the singulation
zone 114(2), the imaging system 121 continues to image them and the computing device 102
continues to track their positions. Within the singulation zone 114(2), the insects 112 are
singulated such that only one insect 112 at a time passes through the shutter 122 and into the
classification zone 114(3). For example, as illustrated, the insect 112(1) alone is located in the
classification zone 114(3) and has been separated from the remaining insects in zones 114(1)
and 114(2).

[0036] Opening and closing of the shutter 122 is coordinated with the operation of the puft-
back and puff-forward systems 118 to ensure that only one insects passes through the shutter
122 at any one time. For example, as a leading insect approaches the shutter 122, the puff-back
system 118(1) may be operated to blow back trailing insects. As soon as the leading insect
passes through the shutter 122, the shutter 122 will be closed thereby preventing other insects
from passing through. With the shutter 122 closed, the shutter 122 acts as a safety valve to keep
other insects 112 from entering the classification zone 114(3) and existing the insect pathway
106. Additionally, with the shutter 122 closed, the shutter 122 controls back pressure when the
puff systems 118 operate. For example, when the puff-forward system 118(2) operates, the
closed shutter 122 prevents other insects 112 from being pulled toward the classification zone
114(3). Likewise, when the puff-backward system 118(1) operates, the closed shutter 122

prevents other insects 112 from being pulled back toward the inlet 108.
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[0037] As the insect 112(1) continues through the singulation zone 114(2) and into the
classification zone 114(3), the imaging system 121 continues to image the insect 112(1) and
the computing device 102 continues to track its position. In some examples, instead of or in
addition to position tracking, while in the classification zone 114(2), the imaging system 121
and the computing device 102 also perform classification. This can include using an object
detection algorithm to detect parts of the insect 112(1), measure these parts (as appropriate),
identify characteristics of these parts, and based on this information determine a classification
of the insect 112(1). For example, as described with reference to FIG. 4, features of the insect
112(1) may be used to classify the insect 112(1) as a male or female.

[0038] FIG. 3 illustrates an example device 300 including a management module 344 for
managing aspects of the insect sortation system 100, according to at least one example. The
device 300 includes any suitable combination of hardware, software, and/or firmware
configured to implement the functionality described with reference to the management module
344. The computing device 102 is an example of the device 300. In some examples, the device
300 is implemented in the computing device 102. Generally, the management module 344
includes an image capture component 346, an industrial vision position tracking component
348, an industrial vision classification component 350, a singulation and sortation control
component 352, and a validation component 354.

[0039] Turning now the image capture component 346, the image capture component 346
is configured to control the function of the imaging system 121. This may include instructing
the imaging system 121, including which of the imaging devices 120, regarding when to
capture images, how frequently, and the like. The image capture component 346 may store
information (e.g., in the form of metadata) in association with the images. Such information
can include timestamps, location data, build and version data, unique image identifiers, and the
like.

[0040] The industrial vision position tracking component 348 is configured to use data
obtained by the imaging system 121 or other sensor system (e.g., position sensors) to identify
and track the position of objects such as insects 112 in the images. In some examples, the
industrial vision position tracking component 348 executes any suitable edge-detection and/or
blob detection algorithm.

[0041] Initially, the object may be segmented from the background by subtracting the
image taken by the imaging device shortly before the object is present. The object can be

compared to a known object in the field of view to determine a two-dimensional location. In
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some examples, a one-dimensional distance is used. For example, a distance between an insect
112 and the shutter 122 may be determined.

[0042] The industrial vision classification component 350 is configured to use data
obtained by the imaging system 121 to extract features of the insects 112 and classify the insects
based on these features. In some examples, the industrial vision classification component 350
executes any suitable feature-based object detection and extraction algorithm.

[0043] For example, once the objects are detected and segmented, features can be extracted
from the segmented object. In some examples, these features may include, but are not limited
to: size of the object, shape of the object, visual similarity to a known example, color of the
object, texture of the object, the same type of features extracted from sub-regions of the object,
and the same type of features extracted from successive images of the same object.

[0044] The features may be combined together using a manually designed set of rules, or
they can be combined using a decision tree (e.g., Bayesian or boosted). Decision trees are
lightweight machine learning algorithms that require less data to train to their maximum
potential than a full machine learning classifier but can often achieve better performance than
hand selected rules. The resulting trained decision tree may then be implemented as a sequence
of if/then statements in any coding platform.

[0045] In the particular implementation of the industrial vision classification component
350 that classifies mosquitoes based on sex, a mosquito walks in front of an imaging device
(e.g., the imaging system 121) running at 5-10 frames per second. As described with respect to
images 400(A)-400(H) in FIG. 4, for each frame, the system looks for the mosquito’s body
402. If the body 402 is found, then if the mosquito is too large, it is rejected as females are
larger than males. See, for example, male mosquito bodies 402(A)-402(D) in images 400(A)-
400(D) compared with female mosquito bodies 402(E)-402(H) in images 400(E)-400(H). If
the body 402 is small enough, then the system looks for bushy antennae 404 of the males
mosquito as well as identifying claspers 406 at the rear. The antenna 404(A) and 404(B) of the
males are much bushier than the antenna 404(E) and 404(F) of the females. The claspers 406(C)
and 1240606(D) of the males are more dull and, in some examples, look like there are two
distal structures as compared to the claspers 406(G) and 406(H) of the females. If the claspers
406 are positively identified, the image is classified as male. If both antennae 404 are found,
then the image is also classified as male. For an insect to be classified as male in this example,
all frames with a valid body 402 found must be identified as male and at least three images
must be used before the mosquito reaches a specific point along the lane. If not enough images

are acquired, the mosquito is pushed back with air in order to acquire more images. The
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industrial vision classification component 350 then outputs a classification and a confidence.
In other examples, different techniques, requirements, or thresholds may be used. For example,
rather than requiring all frames to have an identifiable body, a lower threshold may be used.
Similarly, a different threshold number of images than three may be employed.

[0046] The singulation and sortation control component 352 is configured to control
components such as the puff systems 118, the shutter 122, and other automated components of
the insect sortation system 200. For example, the singulation and sortation control component
352 may control the operation of the puff systems 118 and the shutter 122 based on feedback
from the imaging system 121 and/or other sensors present in the system 100 (e.g., proximity
sensors, weight sensors, and the like configured to output information useable to determine a
location of an insect within the system 100). The singulation and sortation control component
352 is also configured to direct an insect to a particular chamber 124 based on a classification
made while the insect is in the classification zone 114(3).

[0047] FIG. 5 illustrates an example flow diagram showing process 500, according to at
least one example. This process, and any other processes described herein, are illustrated as
logical flow diagrams, each operation of which represents a sequence of operations that can be
implemented in hardware, computer instructions, or a combination thereof. In the context of
computer instructions, the operations may represent computer-executable instructions stored
on one or more non-transitory computer-readable storage media that, when executed by one or
more processors, perform the recited operations. Generally, computer-executable instructions
include routines, programs, objects, components, data structures and the like that perform
particular functions or implement particular data types. The order in which the operations are
described is not intended to be construed as a limitation, and any number of the described
operations can be combined in any order and/or in parallel to implement the processes.

[0048] Additionally, some, any, or all of the processes described herein may be performed
under the control of one or more computer systems configured with specific executable
instructions and may be implemented as code (e.g., executable instructions, one or more
computer programs, or one or more applications) executing collectively on one or more
processors, by hardware, or combinations thereof. As noted above, the code may be stored on
a non-transitory computer readable storage medium, for example, in the form of a computer
program including a plurality of instructions executable by one or more processors.

[0049] FIG. 5 illustrates an example flow chart depicting the process 500 for classifying

insects, according to at least one example. The process 500 is performed by the management
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module 344 (FIG. 3) executing in the computing device 102 (FIG. 1). The process 500 is
executed within the context of the insect sortation system 100.

[0050] The process 500 begins at block 502 by the computing device 102 receiving image
data from an imaging system located adjacent an insect pathway such as the insect pathway
106. In some examples, the image capture component 346 (FIG. 3) executing in the computing
device 102 receives the image data from the imaging system 121 (FIG. 1). The image data is
representative of one or more insects on the insect pathway. In some examples, the computing
device 102 instructs the imaging system 121 to capture the image data prior to the computing
device 102 receiving the image data. In some examples, the imaging system 121 begins
capturing the image data based on some triggering event. For example, a sensor may detect
when insects are first introduced into the insect pathway 106, e.g., via the inlet 108. Sensor
data from this sensor may be used to trigger the imaging system 121 to begin capturing images
of the insect pathway 106.

[0051] In some examples, the imaging system 121 includes one or more imaging devices
120 such as cameras. For example, a pair of cameras may obtain the image data. In other
examples, a first camera (or a first set of cameras) is dedicated to obtaining image data for
tracking insects (e.g., a position tracking imaging system configured to capture images of the
insects for position tracking of the insects along the insect pathway 106), and a second camera
(or a second set of cameras) is dedicated to obtaining image data for classifying insects (e.g.,
an insect classification imaging system configured to capture images of the insects for
classification of the insects within the classification zone 114(3). In this example, the first
camera may have a field of view that includes the approach zone 114(1) and at least a portion
of the singulation zone 114(2), and the second camera may include a field of view that includes
the classification zone 114(3).

[0052] At block 504, the process 500 includes the computing device 102 determining
positions of the one or more insects with respect to a plurality of zones of the insect pathway
106. In some examples, the industrial vision position tracking component 348 (FIG. 3)
executing in the computing device 102 performs the block 504. Determining the positions is
based on the image data received at the block 502.

[0053] At block 506, the process 500 includes the computing device 102 causing
movement, by a puff system (e.g., 118), of an insect of the one or more insects based on a
position of the insect. In some examples, the singulation and sortation control component 352

(FIG. 3) executing in the computing device 102 performs the block 506. The position of the
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insect may be determined with respect with respect to the plurality of zones of the insect
pathway.

[0054] The plurality of zones may include the approach zone 114(1) located adjacent the
inlet 108 of the insect pathway 106, the classification zone 114(3) located adjacent the outlet
110 of the insect pathway 106, and the singulation zone 114(2) located between the approach
zone 114(2) and the classification zone 114(3).

[0055] The puff system 118 may include one or more puff outlets 132 extending into the
insect pathway 106, an air source 130 that provides an air flow to the one or more puff outlets
132, and a control valve 134 disposed between the air source 130 and the one or more puff
outlets 132. The computing device 102 may control the control valve 134 to moderate the air
flow to the one or more puff outlets 132. In some examples, the computing device 102 controls
the control valve 134 in each puff system 118 based on the positions of the insects to separate
a single insect from the insects when the insects are in the singulation zone 114(2).

[0056] In some examples, performing the block 506 includes the computing device 102
determining that insect has remained within the approach zone 114(1) beyond a maximum
threshold amount of time (e.g., a few seconds), and instructing the puff-back system 118(1) to
puff a burst of air that moves the insects toward the inlet 108. This puff of air may irritate the
insects and cause them to start moving again. This determining may be based on additional
image data or the same image data.

[0057] In some examples, performing the block 506 includes the computing device 102
determining that a quantity of insects within the approach zone 114(1) exceeds a maximum
threshold quantity of insects for the approach zone 114(1), and instructing the puff-back system
118(1) to puff a burst of air that moves the insects toward the inlet 108. For example, the insects
may be grouped together which may have resulted in a tangle of insects, and this puff of air
may break up the tangle and allow the insects to start walking down the insect pathway 106
again. This determining may be based on additional image data or the same image data.
[0058] In some examples, performing the block 506 includes the computing device 102
determining that the insect has remained within the classification zone 114(3) beyond a
maximum threshold amount of time, and instructing the puff-forward system 118(2) to puff a
burst of air that moves the insects toward the outlet 110. This puff of air may cause the insect
to move toward the outlet and out of the classification zone 114(3). Once out of the
classification zone 114(3), a next insect can be moved into the classification zone 114(3) for

classification. This determining may be based on additional image data or the same image data.
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[0059] In some examples, performing the block 506 includes the computing device 102
determining that insect has remained at a particular position within the classification zone
114(3) beyond a maximum threshold amount of time, and instructing the puff-forward system
118(1) to puff a burst of air that moves the insects toward the outlet 110. For example, to make
a suitable classification, a suitable number of images of the insect in different positions may be
required. Thus, if the computing device 102 determines from the image data that the insect has
not moved between a number of image frames, the computing device 102 may instruct the puff-
forward system 118(2) to puff a burst of air at the insect. In some examples, this burst of air is
gentle, but sufficient to encourage the insect to beginning moving again. If a suitable number
of images of the insect in different positions are not obtained by the time the insect walks out
of the classification zone 114(3), the insect may be rejected as not being classified.

[0060] In some examples, performing the block 506 includes the computing device 102
isolating the from the one or more other insects. For example, the computing device 102 can
instruct the puff-back system 118(1) to push back the one or more other insects to allow the
insect to pass through the shutter 122. Once through the shutter 122, the computing device 102
instructs the shutter 122 to close, thereby isolating the insect from the one or more other insects.
In some examples, the puff-back system 118(1) is configured to isolate the insect from the one
or more other insects without using the shutter 122.

[0061] In some examples, the imaging system 121 includes one or more imaging devices
120 such as cameras including multiple image sensors and/or a single image sensor. In this
example, the process 500 additionally includes receiving additional image data from the
imaging system 121 when the imaging system is located within the classification zone 114(3),
identifying one or more characteristics of the one insect based on the additional image data,
and classifying the images based on the one or more characteristics. The industrial vision
classification component 350 (FIG. 3) may identify the characteristics and classify the images
based on the characteristics. In this example, the one or more characteristics may include a
head, a body area, a body length, a tail, or an antenna. In this example, classifying the insect
may include classifying the insect based on insect sex, insect health, insect species, insect
genus, or insect size.

[0062] In some examples, the process 500 further includes the computing device 102
causing movement, by the puff system 118, of the insect based on classifying the insect. This
can include directing the insect into one of the sort chambers 124.

[0063] FIG. 6 illustrates examples of components of a computer system 600, according to

at least one example. The computer system 600 may be a single computer such as a user
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computing device and/or can represent a distributed computing system such as one or more
server computing devices. The computer system 600 is an example of the computing device
102. The computer system 600 may implement the management module 344 for managing
aspects of the insect sortation system 100.

[0064] The computer system 600 may include at least a processor 602, a memory 604, a
storage device 606, input/output peripherals (I/0) 608, communication peripherals 610, and an
interface bus 612. The interface bus 612 is configured to communicate, transmit, and transfer
data, controls, and commands among the various components of the computer system 600. The
memory 604 and the storage device 606 include computer-readable storage media, such as
Radom Access Memory (RAM), Read ROM, electrically erasable programmable read-only
memory (EEPROM), hard drives, CD-ROMs, optical storage devices, magnetic storage
devices, electronic non-volatile computer storage, for example Flash® memory, and other
tangible storage media. Any of such computer-readable storage media can be configured to
store instructions or program codes embodying aspects of the disclosure. The memory 604 and
the storage device 606 also include computer-readable signal media. A computer-readable
signal medium includes a propagated data signal with computer-readable program code
embodied therein. Such a propagated signal takes any of a variety of forms including, but not
limited to, electromagnetic, optical, or any combination thereof. A computer-readable signal
medium includes any computer-readable medium that is not a computer-readable storage
medium and that can communicate, propagate, or transport a program for use in connection
with the computer system 600.

[0065] Further, the memory 604 includes an operating system, programs, and applications.
The processor 602 is configured to execute the stored instructions and includes, for example, a
logical processing unit, a microprocessor, a digital signal processor, and other processors. The
memory 604 and/or the processor 602 can be virtualized and can be hosted within another
computing system of, for example, a cloud network or a data center. The I/O peripherals 608
include user interfaces, such as a keyboard, screen (e.g., a touch screen), microphone, speaker,
other input/output devices, and computing components, such as graphical processing units,
serial ports, parallel ports, universal serial buses, and other input/output peripherals. The I/O
peripherals 608 are connected to the processor 602 through any of the ports coupled to the
interface bus 612. The communication peripherals 610 are configured to facilitate
communication between the computer system 600 and other computing devices over a
communications network and include, for example, a network interface controller, modem,

wireless and wired interface cards, antenna, and other communication peripherals.
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[0066] In the following, further examples are described to facilitate the understanding of
the present disclosure.
[0067] Example 1. In this example, there is provided an insect sortation system, including:

an insect pathway defining an interior volume having an inlet and an outlet,
wherein an approach zone of the insect pathway is defined adjacent the inlet, a classification
zone of the insect pathway is defined adjacent the outlet, and a singulation zone of the insect
pathway is defined between the approach zone and the classification zone;

a puff back region defined adjacent the inlet;

a puff forward region defined adjacent the outlet; and

an imaging system disposed adjacent the insect pathway and configured to
image insects on the insect pathway.
[0068] Example 2. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, further including:

a computing device including a memory and a processor configured to:

receive image data from the imaging system; and
determine positions of at least some of the insects on the insect
pathway based on the image data.

[0069] Example 3. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the computing device is further configured to
classify one or more insects when the one or more insects are in the classification zone.
[0070] Example 4. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein each of the puff back region and the puff
forward region includes a puff system that includes:

one or more puff outlets extending

an air source that provides an air flow to the one or more puff outlets; and

a control valve disposed between the air source and the one or more puff
outlets, and that controls the air flow to the one or more puff outlets.
[0071] Example 5. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the computing device is further configured to
control the control valve in each puff system based on the positions of the insects to separate a
single insect from the insects when the insects are in the singulation zone.
[0072] Example 6. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the insect pathway defines a rectangular cross

section, with a height and a width selected to correspond to a representative insect of the insects.
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[0073] Example 7. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the puff back region is configured to blow
insects towards the inlet and the puff forward region is configured to blow insects towards the
outlet.
[0074] Example 8. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, further including a shutter disposed within the
singulation zone, the shutter including a track and a door that is moveable between an open
state and a closed state.
[0075] Example 9. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein, when the door is in the open state, the insects
can freely move along the insect pathway.
[0076] Example 10. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein, when the door is in the closed state, the insects
are prohibited from moving along the insect pathway.
[0077] Example 11. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein, when the door is in the closed state, the interior
volume is divided into a first volume and a second volume.
[0078] Example 12. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the insect pathway includes:

a floor on which the insects move,

a ceiling disposed above the floor; and

a pair of walls extending between the floor and the ceiling.
[0079] Example 13. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the floor is formed from a translucent material.
[0080] Example 14. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, further including one or more lighting elements
disposed below the floor and positioned to provide light through the translucent material.
[0081] Example 15. In this example, there is provided an insect sortation system of any of
the preceding or subsequent examples, wherein the ceiling is formed from a transparent
material.
[0082] Example 16. In this example, there is provided an insect sortation system of any of

the preceding or subsequent examples, wherein:
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the imaging system is a position tracking imaging system configured to
capture images of the insects for position tracking of the insects along the insect pathway;
and

the insect sortation system further includes an insect classification imaging
system configured to capture images of the insects for classification of the insects within the
classification zone.
[0083] Example 17. In this example, there is provided an insect sortation method,
including:

receiving image data from an imaging system disposed adjacent to an insect
pathway, the image data representative of one or more insects on the insect pathway;

determining positions of one or more insects with respect to a plurality of
zones of the insect pathway based on the image data; and

causing movement, by a puff system, of at least one insect of the one or more
insects based on a position of the at least one insect with respect to the plurality of zones.
[0084] Example 18. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein the imaging system includes one or more
cameras.
[0085] Example 19. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein the plurality of zones comprise an approach
zone disposed adjacent to an inlet of the insect pathway, a classification zone disposed adjacent
to an outlet of the insect pathway, and a singulation zone disposed between the approach zone
and the classification zone.
[0086] Example 20. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein causing the movement, by the puff system, of
the at least one insect includes:

determining that the at least one insect has remained within the approach zone
beyond a maximum amount of time; and

instructing the puff system to puff a burst of air that moves the insects toward
the inlet.
[0087] Example 21. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein causing the movement, by the puff system, of
the at least one insect includes:

determining that a quantity of insects within the approach zone exceeds a

maximum quantity of insects for the approach zone;
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instructing the puff system to puff a burst of air that moves the insects toward
the inlet.
[0088]  Example 22. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein causing the movement, by the puff system, of
the at least one insect includes:
determining that the at least one insect has remained within the classification
zone beyond a maximum amount of time; and
instructing the puff system to puff a burst of air that moves the insects toward
the outlet.
[0089] Example 23. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein causing the movement, by the puff system, of
the at least one insect includes:
determining that the at least one insect has remained at a particular position
within the classification zone beyond a maximum amount of time; and
instructing the puff system to puff a burst of air that moves the insects toward
the outlet.
[0090] Example 24. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein causing the movement, by the puff system, of
the at least one insect includes isolating the at least one insect from the one or more insects.
[0091] Example 25. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein
the imaging system includes one or more cameras; and
the method further includes:
receiving additional image data from the imaging system when the at
least one insect is located within the classification zone; and
identifying one or more characteristics of the at least one insect based
on the additional image data; and
classifying the at least one insect based on the one or more
characteristics.
[0092] Example 26. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein the one or more characteristics comprise a

head, a body area, a body length, a tail, or an antenna.
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[0093] Example 27. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, wherein classifying the at least one insect includes
classifying the at least one insect based on sex, health, species, genius, or size.
[0094] Example 28. In this example, there is provided an insect sortation method of any of
the preceding or subsequent examples, further including causing movement, by the puff
system, of the at least on insect based on classifying the at least one insect.
[0095] Example 29. In this example, there is provided a non-transitory computer-readable
storage device including computer-executable instructions that, when executed by a computer
system, cause the computer system to perform operations including:

receive image data from an imaging system disposed adjacent to an insect
pathway, the image data representative of one or more insects on the insect pathway;

determine positions of one or more insects with respect to a plurality of zones
of the insect pathway based on the image data; and

causing movement, by a puff system, of at least one insect of the one or more
insects based on a position of the at least one insect with respect to the plurality of zones.
[0096] Example 30. In this example, there is provided non-transitory computer-readable
storage device of any of the preceding or subsequent examples, wherein the plurality of zones
comprise an approach zone dispose adjacent an inlet of the insect pathway, a classification zone
disposed adjacent an outlet of the insect pathway, and a singulation zone disposed between the
approach zone and the classification zone.
[0097] Example 31. In this example, there is provided non-transitory computer-readable
storage device of any of the preceding or subsequent examples, wherein causing the movement,
by the puff system, of the at least one insect includes:

determining that the at least one insect has remained within the approach zone
beyond a maximum amount of time; and

instructing the puff system to puff a burst of air that moves the insects toward
the inlet.
[0098] Example 32. In this example, there is provided non-transitory computer-readable
storage device of any of the preceding or subsequent examples, wherein causing the movement,
by the puff system, of the at least one insect includes:

determining that a quantity of insects within the approach zone exceeds a
maximum quantity of insects for the approach zone; and

instructing the puff system to puff a burst of air that moves the insects toward

the inlet.
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[0099] Example 33. In this example, there is provided non-transitory computer-readable
storage device of any of the preceding or subsequent examples, wherein causing the movement,
by the puff system, of the at least one insect includes:

determining that the at least one insect has remained within the classification
zone beyond a maximum amount of time; and

instructing the puff system to puff a burst of air that moves the insects toward
the outlet.
[0100] Example 34. In this example, there is provided non-transitory computer-readable
storage device of any of the preceding or subsequent examples, wherein causing the movement,
by the puff system, of the at least one insect includes:

determining that the at least one insect has remained at a particular position
within the classification zone beyond a maximum amount of time; and

instructing the puff system to puff a burst of air that moves the insects toward
the outlet.
[0101] Example 35. In this example, there is provided non-transitory computer-readable
storage device of any of the preceding or subsequent examples, wherein causing the movement,
by the puff system, of the at least one insect includes isolating the at least one insect from the
one or more insects.
[0102] While the present subject matter has been described in detail with respect to specific
embodiments thereof, it will be appreciated that those skilled in the art, upon attaining an
understanding of the foregoing may readily produce alterations to, variations of, and
equivalents to such embodiments. Accordingly, it should be understood that the present
disclosure has been presented for purposes of example rather than limitation, and does not
preclude inclusion of such modifications, variations, and/or additions to the present subject
matter as would be readily apparent to one of ordinary skill in the art. Indeed, the methods and
systems described herein may be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the methods and systems described herein
may be made without departing from the spirit of the present disclosure. The accompanying
claims and their equivalents are intended to cover such forms or modifications as would fall
within the scope and spirit of the present disclosure.

[0103] Unless specifically stated otherwise, it is appreciated that throughout this

7« EEINAY

specification discussions utilizing terms such as “processing,” “computing,” “calculating,”
“determining,” and “identifying” or the like refer to actions or processes of a computing device,

such as one or more computers or a similar electronic computing device or devices, that
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manipulate or transform data represented as physical electronic or magnetic quantities within
memories, registers, or other information storage devices, transmission devices, or display
devices of the computing platform.

[0104] The system or systems discussed herein are not limited to any particular hardware
architecture or configuration. A computing device can include any suitable arrangement of
components that provide a result conditioned on one or more inputs. Suitable computing
devices include multipurpose microprocessor-based computing systems accessing stored
software that programs or configures the computing system from a general purpose computing
apparatus to a specialized computing apparatus implementing one or more embodiments of the
present subject matter. Any suitable programming, scripting, or other type of language or
combinations of languages may be used to implement the teachings contained herein in
software to be used in programming or configuring a computing device.

[0105] Embodiments of the methods disclosed herein may be performed in the operation
of such computing devices. The order of the blocks presented in the examples above can be
varied—for example, blocks can be re-ordered, combined, and/or broken into sub-blocks.
Certain blocks or processes can be performed in parallel.

2«

[0106] Conditional language used herein, such as, among others, “can,” “could,” “might,”

2«

“may,” “e.g.,” and the like, unless specifically stated otherwise, or otherwise understood within
the context as used, is generally intended to convey that certain examples include, while other
examples do not include, certain features, elements, and/or steps. Thus, such conditional
language is not generally intended to imply that features, elements and/or steps are in any way
required for one or more examples or that one or more examples necessarily include logic for
deciding, with or without author input or prompting, whether these features, elements and/or
steps are included or are to be performed in any particular example.

[0107] The terms “comprising,” “including,” “having,” and the like are synonymous and
are used inclusively, in an open-ended fashion, and do not exclude additional elements,
features, acts, operations, and so forth. Also, the term “or” is used in its inclusive sense (and
not in its exclusive sense) so that when used, for example, to connect a list of elements, the
term “or” means one, some, or all of the elements in the list. The use of “adapted to” or
“configured to” herein is meant as open and inclusive language that does not foreclose devices
adapted to or configured to perform additional tasks or steps. Additionally, the use of “based
on” is meant to be open and inclusive, in that a process, step, calculation, or other action “based

on” one or more recited conditions or values may, in practice, be based on additional conditions

or values beyond those recited. Similarly, the use of “based at least in part on” is meant to be
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open and inclusive, in that a process, step, calculation, or other action “based at least in part
on” one or more recited conditions or values may, in practice, be based on additional conditions
or values beyond those recited. Headings, lists, and numbering included herein are for ease of
explanation only and are not meant to be limiting.

[0108] The various features and processes described above may be used independently of
one another, or may be combined in various ways. All possible combinations and sub-
combinations are intended to fall within the scope of the present disclosure. In addition, certain
method or process blocks may be omitted in some implementations. The methods and
processes described herein are also not limited to any particular sequence, and the blocks or
states relating thereto can be performed in other sequences that are appropriate. For example,
described blocks or states may be performed in an order other than that specifically disclosed,
or multiple blocks or states may be combined in a single block or state. The example blocks or
states may be performed in serial, in parallel, or in some other manner. Blocks or states may
be added to or removed from the disclosed examples. Similarly, the example systems and
components described herein may be configured differently than described. For example,

elements may be added to, removed from, or rearranged compared to the disclosed examples.
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