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APPARATUS AND METHOD OF RECORDING A STORAGE LOCATION BY SIZE 

FOR HARVESTED TUBERS 

FIELD 

[0001]This document relates to apparatuses and methods of recording a storage location 

by size for harvested tubers deposited by a bin piler. 

BACKGROUND 

[0002] Tubers are a type of enlarged structure used as storage organs for nutrients in 

some plants. Tuber crops are some of the most important crops in the world and form a 

large portion of the world's food supply. Tubers include root tubers (e.g., potatoes, yams) 

and stem tubers (e.g., sweet potatoes, cassava). 

[0003] In agricultural applications, tubers may often be graded based on their physical 

attributes, such as size. The intended application and the pricing of the tubers may be 

based on the grading results. For example, large and elongated potatoes that can be 

used for producing French fries and chips may be priced higher. Smaller, irregular shaped 

potatoes that can be used for other processed products, such as mashed potatoes or 

potato flakes may be priced lower. 

[0004] Timely grading of tubers following harvest can enable appropriate pricing and 

logistical operations (storage, processing, and distribution). This can improve operational 

efficiency and reduce post-harvest waste. 

SUMMARY 

[0005] The following summary is provided to introduce the reader to the more detailed 

discussion to follow. The summary is not intended to limit or define any claimed or as yet 

unclaimed invention. One or more inventions may reside in any combination or sub­

combination of the elements or process steps disclosed in any part of this document 

including its claims and figures. 
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[0006]According to some aspects, a method of recording a storage location by size for 

harvested tubers deposited by a bin piler is provided. The method may comprise: 

capturing, using a camera, one or more images of the harvested tubers moving on a 

conveyor towards the bin piler; segmenting, by a processor, individual tuber depictions 

visible in the one or more images; determining, by the processor, one or more shape 

characteristics for a plurality of the individual tuber depictions; identifying, by the 

processor, one or more unoccluded tuber deptictions by determining that at least one of 

the individual tuber depictions is an unoccluded tuber depiction based on the one or more 

shape characteristics of that individual tuber depiction , the tuber depictions including 

occluded tuber depictions; measuring, by the processor, a size of tubers corresponding 

to at least one of the unoccluded tuber depictions; attributing, by the processor, an 

average size to at least tubers corresponding to the occluded tuber depictions based on 

the size of tubers corresponding to the at least one of the unoccluded tuber depictions; 

determining, by the processor, the storage location of the harvested tubers based at least 

in part on bin piler location data; and recording in memory the storage location of the 

harvested tubers and the average size. 

[0007] Accord ing to some aspects, an apparatus for recording a storage location by size 

for harvested tubers is provided. The apparatus may comprise a bin piler, a conveyor, a 

camera, a location system , and a control system . The bin piler may be configured to 

deposit the harvested tubers at the storage location . The conveyor may be configured to 

move the harvested tubers towards the bin piler. The camera may be configured to 

capture one or more images of the harvested tubers moving on the conveyor. The location 

system configured to generate bin piler location data indicating a location of the bin piler. 

The control system may have at least one processor and a memory. The at least one 

processor may be configured to collectively: receive the one or more images from the 

camera; segment individual tuber depictions visible in the one or more images; determine 

one or more shape characteristics for a plurality of the individual tuber depictions; identify 

one or more unoccluded tuber depictions by determining that at least one of the individual 

tuber depictions is an unoccluded tuber depiction based on the one or more shape 

characteristics of that individual tuber depiction, the tuber depictions including occluded 

tuber depictions; measure a size of tubers corresponding to at least one of the unoccluded 
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tuber depictions; attribute an average size to at least tubers corresponding to the 

occluded tuber depictions based on the size of tubers corresponding to the at least one 

of the unoccluded tuber depictions; determine the storage location of the harvested tubers 

based at least in part on bin piler location data; and record in the memory the storage 

location of the harvested tubers and the average size. 

[0008]According to some aspects, a non-transitory computer-readable medium 

comprising instructions executable by a processor is provided. The instructions when 

executed may configure the processor to: receive, from a camera, one or more images 

of harvested tubers moving on a conveyor towards a bin piler; segment individual tuber 

depictions visible in the one or more images; determine one or more shape characteristics 

for a plurality of the individual tuber depictions; identify one or more unoccluded tuber 

depictions by determining that at least one of the individual tuber depictions is an 

unoccluded tuber depiction based on the one or more shape characteristics of that 

individual tuber depiction, the tuber depictions including occluded tuber depictions; 

measure a size of tubers corresponding to at least one of the unoccluded tuber depictions; 

attribute an average size to at least tubers corresponding to the occluded tuber depictions 

based on the size of tubers corresponding to the at least one of the unoccluded tuber 

depictions; determine a storage location of the harvested tubers based at least in part on 

bin piler location data; and record in memory the storage location of the harvested tubers 

and the average size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The drawings included herewith are for illustrating various examples of articles, 

methods, and apparatuses of the present specification and are not intended to limit the 

scope of what is taught in any way. In the drawings: 

[0010] FIG. 1 is a schematic illustration of an apparatus for recording a storage location 

by size for harvested tubers, in accordance with an embodiment ; 

[0011] FIG. 2 is a block diagram of a control system of the apparatus of FIG. 1; 
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[0012] FIG. 3 is a flowchart illustrating an example method of recording a storage location 

by size for harvested tubers deposited by a bin piler; 

[0013] FIG. 4A is an example captured image of multiple potatoes moving on a conveyor, 

in accordance with an embodiment; 

[0014] FIG. 48 is a segmentation image generated for the example captured image of 

FIG. 4A; 

[0015] FIG. 4C shows a binary mask for five unoccluded potato depictions identified 

among individual potato depictions shown in FIG. 48; 

[0016] FIG. 5A shows a bounding box fitted around an example binary mask of an 

individual tuber depiction, in accordance with an embodiment; 

[0017] FIG. 58 shows an angle-adjusted bounding box fitted around an example binary 

mask of an individual tuber depiction, in accordance with an embodiment; 

[0018] FIG. 5C shows an ellipse fitted to the external contour of the example binary mask 

of FIG. 58; and 

[0019] FIG. 50 shows the deviation of an example binary mask of an individual tuber 

depiction from its convex hull, in accordance with an embodiment. 

DETAILED DESCRIPTION 

[0020] Numerous embodiments are described in this application and are presented for 

illustrative purposes only. The described embodiments are not intended to be limiting in 

any sense. The invention is widely applicable to numerous embodiments, as is readily 

apparent from the disclosure herein. Those skilled in the art will recognize that the present 

invention may be practiced with modification and alteration without departing from the 

teachings disclosed herein. Although particular features of the present invention may be 

described with reference to one or more particular embodiments or figures, it should be 

understood that such features are not limited to usage in the one or more particular 

embodiments or figures with reference to which they are described. 

8552452 
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[0021]The terms "an embodiment," "embodiment," "embodiments," "the embodiment," 

"the embodiments," "one or more embodiments," "some embodiments," and "one 

embodiment" mean "one or more (but not all) embodiments of the present invention(s)," 

unless expressly specified otherwise. 

[0022]The terms "including," "comprising" and variations thereof mean "including but not 

limited to," unless expressly specified otherwise. A listing of items does not imply that any 

or all of the items are mutually exclusive, unless expressly specified otherwise. The terms 

"a," "an" and "the" mean "one or more," unless expressly specified otherwise. 

[0023]As used herein and in the claims, two or more parts are said to be "coupled", 

"connected", "attached", "joined", "affixed", or "fastened" where the parts are joined or 

operate together either directly or indirectly (i.e. , through one or more intermediate parts), 

so long as a link occurs. As used herein and in the claims, two or more parts are said to 

be "directly coupled", "directly connected", "directly attached", "directly joined", "directly 

affixed", or "directly fastened" where the parts are connected in physical contact with each 

other. As used herein, two or more parts are said to be "rigidly coupled", "rigidly 

connected" , "rigidly attached", "rigidly joined", "rigidly affixed", or "rigidly fastened" where 

the parts are coupled so as to move as one while maintaining a constant orientation 

relative to each other. None of the terms "coupled", "connected", "attached", "joined", 

"affixed", and "fastened" distinguish the manner in which two or more parts are joined 

together. 

[0024] Further, although method steps may be described (in the disclosure and I or in the 

claims) in a sequential order, such methods may be configured to work in alternate orders. 

In other words, any sequence or order of steps that may be described does not 

necessarily indicate a requirement that the steps be performed in that order. The steps of 

methods described herein may be performed in any order that is practical. Further, some 

steps may be performed simultaneously. 

[0025]As used herein and in the claims, a group of elements are said to 'collectively' 

perform an act where that act is performed by any one of the elements in the group, or 

performed cooperatively by two or more (or all) elements in the group. 

8552452 
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[0026]As used herein and in the claims, a first element is said to be "received" in a second 

element where at least a portion of the first element is received in the second element 

unless specifically stated otherwise. 

[0027] Some elements herein may be identified by a part number, which is composed of 

a base number followed by an alphabetical or subscript-numerical suffix (e.g., 112a, or 

1121). Multiple elements herein may be identified by part numbers that share a base 

number in common and that differ by their suffixes (e.g., 1121, 1122, and 1123). All 

elements with a common base number may be referred to collectively or generically using 

the base number without a suffix (e.g ., 112). 

[0028]As used herein and in the claims, "up" , "down", "above", "below", "upwardly", 

"vertical", "elevation", "upper", "lower" and similar terms are in reference to a directionality 

generally aligned with (e.g., parallel to) gravity. However, none of the terms referred to 

in this paragraph imply any particular alignment between elements. For example, a first 

element may be said to be "vertically above" a second element, where the first element 

is at a higher elevation than the second element, and irrespective of whether the first 

element is vertically aligned with the second element. 

[0029]Timely grading of tubers after harvest can require significant labor resources. 

Harvested tubers may be transported and deposited into a storage facility using 

conveyors with a high throughput. For example, the conveyor throughput may be greater 

than 200kg per minute. Manually measuring a size of every harvested tuber, or even a 

small fraction of every harvested tuber, can be costly, time-consuming and labor­

intensive, requiring a significant workforce and time investment. The disclosed apparatus 

and methods can reduce (or nearly eliminate) the cost, time, and labor requirements by 

automating the size measurement and location tracking of harvested tubers. 

[0030] Timely and accurate grading of the harvested tubers can be challenging. The 

conveyors used for transporting the harvested tubers into storage can be narrow and 

cause clustering and occlusion of the tubers. For example, where stacks of tubers form 

on the conveyors, top level tubers will lie over lower level tubers and thereby occlude (i.e. 

block visibility) at least portions of the lower level tubers. The occluded portions may 
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prevent accurate size assessment when using imaging to assist with this process. Other 

challenges can include mechanical vibration, ambient light, and the presence of foreign 

objects (e.g., dirt), which can vary according to the sections of the field from which the 

tubers were harvested. 

[0031]The disclosed apparatus and methods can improve the accuracy of size 

measurements by differentiating fully visible (i.e., nonoccluded) tubers from occluded 

tubers in images. A sampling of the nonoccluded tubers may be selected for size 

measurement and an average size can be attributed to the nearby harvested tubers 

(including occluded tubers) based on the size measurements of the sampled unoccluded 

tubers. This avoids inaccuracies associated with assessing the size of occluded tubers . 

[0032] Referring now to FIG. 1, shown therein is a schematic illustration of an apparatus 

1 00 for recording a storage location by size for harvested tubers 1 0. In the illustrated 

example, apparatus 100 includes a bin piler 104, a conveyor 1 08, a camera 112, a control 

system 116, and a location system 120. 

[0033] Harvested tubers 1 Oa may be deposited at a first end 128 of conveyor 1 08. For 

example, harvested tubers may be transported from a field and deposited at first end 128 

by a truck 14. A second end 132 of conveyor 1 08 can be connected to bin piler 1 04. 

Conveyor 108 may have any suitable design to move harvested tubers 10 from first end 

128 towards bin piler 104 located at second end 132. For example, conveyor 108 may 

be a belt conveyor or a motorized roller conveyor. 

[0034] Conveyor 108 may include one or more conveyor segments. For example, 

conveyor 1 08 may include a single straight conveyor segment that extends from first end 

128 to second end 132. In the illustrated embodiment, conveyor 108 is shown including 

multiple conveyor segments (e.g., conveyor segments 11 Oa-11 Od extending from grading 

station 22 to storage facility 18). Each conveyor segment 110 may extend along the same 

or different directions as adjacent segments and/or may incline the same or differently 

from adjacent segments. In some examples, each conveyor segments may move at the 

same or different speeds as the adjacent segments. 
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[0035] Optionally, apparatus 100 may include one or more sensors 148 configured to 

measure the speed(s) of conveyor segments 110. Apparatus 100 may include any 

suitable number of sensors 148 (e.g ., 1 to 100 sensors). For example, apparatus 100 may 

include one speed sensor 148 for each conveyor segment 110 capable of moving at a 

different speed from adjacent segment(s) 110. In the illustrated embodiment, sensors 

148a-148d are configured to measure the speeds of conveyor segments 11 Oa-11 Od 

respectively. 

[0036] Sensor 148 may have any design suitable for measuring the speed of conveyor 

segments 110. For example, sensor 148 can be a Reed 59060 magnetic shaft sensor 

that can provide non-contact measurement of the conveyor speed. The Reed 59060 

magnetic shaft sensor can measure the revolutions per second of any of the shafts around 

which the conveyor belt rotates. The speed of the conveyor segment can be determined 

based on the measured revolutions per second and the radius of the shaft according to 

Equation 1 below: 

Conveyor speed (mjs) =measured revolunons (1/s) x 2rr x shaft radjus (m) (Equation 1) 

[0037] In other examples, different sensors may be used. Sensor 148 may provide 

measured conveyor speed data to control system 116 by wire or wirelessly (e.g. using 

LoRa, WiFi®, or Bluetooth™). Measuring the speed(s) of conveyor segment(s) 110 

allows control system 116 to more accurately predict when a tuber passing grading station 

22 will be discharged from bin piler 104 into the pile of tubers 1 Oc in storage facility 18. 

This allows the storage location 30 of that tuber within storage facility 18 to be more 

accurately determined and recorded. For example, the speed(s) of conveyor segment(s) 

11 0 may vary over time depending on factors such as the density of tubers being carried 

by the conveyor segment(s) 110. Accordingly, the transit time between grading station 

22 and the discharge end of bin piler 104 may also vary over time. Such changes are 

capable of being accounted for by continuously measuring the speed(s) of conveyor 

segment(s) 10. 

[0038] In other embodiments, the speed(s) of conveyor segment(s) 110 is constant or the 

transit time from grading station 22 to the discharge end of bin piler 1 04 is constant, such 
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that the time when tubers will be discharged from bin piler 104 after passing grading 

station can be accurately predicted without measuring the speed(s) of conveyor 

segment(s) 110 (i.e. without use of sensor(s) 148). 

[0039]A grading station 22 may be installed along conveyor 108 for inspecting and 

grading harvested tubers. Camera 112 may be positioned at grading station 22. Camera 

112 can be any suitable camera for capturing images of harvested tubers 1 Ob moving 

along conveyor 108. In some embodiments, camera 112 can be an RGB camera that 

captures images of the harvested tubers in the visible range of the electromagnetic 

spectrum . In other embodiments, camera 112 can be any other camera, for example, a 

hyperspectral camera that can capture images in visible and infrared (IR) range of the 

electromagnetic spectrum . A hyperspectral camera may provide additional information 

compared with an RGB camera, for example, information regarding internal defects of the 

imaged tubers. An RGB camera may enable lower cost and system complexity compared 

with a hyperspectral camera. 

[0040] Camera 112 may provide captured images (e.g., individually captured photos or 

selected video frames) to control system 116 directly (e.g., by wire or wirelessly) or 

indirectly via a network 26. Network 26 may include a communication network such as 

the Internet, a Wide-Area Network (WAN), a Local-Area Network (LAN), or another type 

of network. Camera 112 may communicate with network 26 using communication module 

144. In some examples, communication module 144 may be integrated into camera 112. 

In other examples, communication module 144 may be an independent module that is 

communicatively coupled to camera 112 (e.g ., a Wi-Fi or network dongle). 

[0041] In some embodiments, control system 116 may control the image capture rate of 

camera 112 based on the positioning and image capture parameters of camera 112, and 

a measured speed of conveyor 108. For example, control system 116 may control the 

image capture rate of camera 112 based on conveyor speed data received from a sensor 

148 associated with conveyor segment 11 Oa in the field of view of camera 112. The image 

capture rate of camera 112 may be controlled to avoid capturing multiple images that 

include the same tubers. 
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[0042] For example, the field of view of camera 112 may include a 1.3m length of 

conveyor 1 08 based on the positioning and image capture parameters of camera 112. 

Accordingly, this length of conveyor 1 08 may be included in each image captured by 

camera 112. For a conveyor speed of 1 m/s, control system may set the image capture 

rate of camera 112 to 0.5 images per section (i.e., 1 image captured per 2 seconds) to 

avoid capturing the same tuber in multiple images. For a conveyor speed of 0.5m/s, 

control system may set the image capture rate of camera 112 to 0.25 images per second 

(i .e., 1 image captured per 4 seconds) to avoid capturing the same tuber in multiple 

images. Equation 2 below provides a relationship between the image capture rate (f) in 

images per second and conveyor speed (v) in meters per second for the example case 

of a 1.3m conveyor length being captured in each image -

f= O.Sv (Equation 2) 

[0043] Bin piler 104 can have any design suitable for depositing the harvested tubers into 

storage facility 18. For example, bin piler 104 can include an elevator 136 and boom 140. 

Elevator 136 can control a vertical elevation from which the harvested tubers are 

discharged from bin piler 104. Boom 140 can control a lateral (e.g. horizontal X-Y) position 

of discharge of the harvested tubers from bin piler 104. The combination of elevator 136 

and boom 140 can control storage location 30 of the harvested tubers 1 Oc. Other bin 

piler designs may have the alternative and/or additional movable elements for controlling 

the three-dimensional location at which the harvested tubers are discharged into storage 

facility 18. 

[0044] Location system 120 may use any suitable technology to track the movement of 

bin piler 104 and generate bin piler location data. For example, location system 120 may 

track the movement of bin piler 104 using dead reckoning or distance measurement to 

nearby anchor nodes (i.e., nodes with known fixed positions, for example, WiFi® access 

points, Bluetooth® beacons or Ultra-Wideband beacons). 

[0045] In the illustrated schematic, location system 120 includes a tag 120a positioned at 

the discharge end of bin piler 104 and multiple anchor tags 120b (three anchor tags shown 

in FIG. 1, but four or more tags is preferred to derive a 3D coordinate) positioned at known 
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positions within storage facility 18. Each tag 120 may include an impulse radio ultra­

wideband (IR-UWB) transmitter-receiver (e.g. ESP32 Ultra-Wideband board with 

Qorvo ™ DW1 000 UWB module). The location of the discharge end of bin piler 104 can 

be tracked in real-time based on two-way time-of-flight (TOF) measurements between tag 

120a and multiple anchor tags 120b. The high bandwidth provided by IR-UWB 

transmitter-receivers may enable tracking of the bin piler movement with high precision 

in three-dimensions. 

[0046] Location system 120 may provide the generated bin piler location data to control 

system 116 using any suitable communication technology. For example, location system 

120 (e.g. tag 120a) may transmit the bin piler location data to communication module 144 

using LoRa to enable low-power operation of location system 120. Alternatively or in 

addition, communication module 144 may provide the received bin piler location data to 

control system 116 using network 26. In other examples, location system 120 (e.g. tag 

120a) may provide the generated bin piler location data to control system 116 directly. 

Alternatively or in addition to using LoRa, location system 120 may transmit the bin piler 

location data using other technologies, e.g., WiFi®, or by a wired connection. 

[0047]Aiternatively or in addition, location system 120 may include sensors that detect 

the inclination of elevator 136 and/or the extension of boom 140 and/or extension of one 

or more of conveyor segments 110. For example, one or more of conveyor segments 

110 and/or bin piler boom 140 may be extendable in length to accommodate the deposit 

of tubers at the targeted storage location. Such variability in length may impact the 

accuracy of the predicted transit time from grading station 22 to the discharge end of bin 

piler 104 where the transit time is predicted based on measured speed(s) of conveyor 

segment(s) 110. In some embodiments, there may be a sensor associated with each of 

one or more (or all) of conveyor segments 11 0 that are capable of extension and/or bin 

piler boom 140 to determine the length(s) of these elements, whereby the predicted transit 

time (measured as length divided by speed for travel across each element) can be 

determined based on accurate lengths. 
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[0048]Any suitable sensors may be used to determine the present length of extendable 

conveyor segment(s) 110 and/or bin piler boom 140. The illustrated example shows 

some of conveyor segment(s) 110 including a sensor 121 , which may be similar hardware 

to sensors 120a or 120b described above. For example, data from sensors 121 may be 

sent to control system 116, which may determine a 20 or 3D location of each sensor 121 

and from that derive the length of the associated segments 110. Similarly, the length of 

bin pi ler boom 140 may be derived based on location data from sensor 12 Oa and/or 

additional sensors. 

[0049] Reference is now made to FIGS. 1 and 2. FIG. 2 is a block diagram of an example 

control system 116. In some embodiments, control system 116 may be implemented as 

a server device (e.g., a remote server) . In other embodiments, control system 116 may 

be implemented using any other suitable hardware components . For example, control 

system 116 may be implemented as a device that is physically integrated with grading 

station 22. 

[0050] For the example embodiment illustrated in FIG. 2, control system 116 includes a 

memory 152, an application 156, an output davice 160, a display device 164, a secondary 

storage device 168, a processor 172, an input device 176, and a communication device 

180. One or more (or all) of memory 152, application 156, output device 160, display 

device 164, secondary storage device 168, processor 172, input device 176, and 

communication device 180 may be communicatively coupled by wire and/or wirelessly. 

[0051] In some embodiments, control system 116 includes multiple of any one or more of 

memory 152, application 156, output device 160, display device 164, secondary storage 

device 168, processor 172, input device 176, and communication device 180. In some 

embodiments, control system 116 does not include one or more of applications 156, 

secondary storage devices 168, network connections, input devices 176, output devices 

160, display devices 164, and communication devices 180. 

[0052] Memory 152 can include one or more of random-access memory (RAM) and read­

only memory (ROM). In some embodiments, memory 152 stores one or more applications 

156 for execution by processor 172. Applications 156 correspond with software modules 
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including computer executable instructions that when executed by one or more 

processors cause the one or more processors to collectively perform processing for the 

functions and methods described herein. 

[0053] Memory 152 may store one or more machine learning models. The machine 

learning models may be trained to segment individual tubers visible in captured images 

and/or identify unoccluded tubers among the segmented individual tubers. The machine 

learning models may be generated and trained by control system 116. In some 

embodiments, control system 116 may receive a generated machine learning model from 

an external device (e.g., over network 26) and may train the received machine learning 

model. Control system 116 may perform supervised training of the received models using 

labeled training data. In some embodiments, control system 116 may receive a trained 

machine learning model from an external device (e.g., over network 26) and store the 

trained machine learning model in memory 152. 

[0054] In some embodiments, memory 152 may also store a determined storage location 

and average size of the harvested tubers. The stored data may be provided to users, for 

example, via network 26. 

[0055] Secondary storage device 168 may include any suitable non-transitory computer­

readable medium including instructions executable by a processor (e. g., processor 172). 

For example, secondary storage device 168 can include a hard drive, floppy drive, CD 

drive, DVD drive, Blu-ray drive, solid state drive, flash memory or other types of non­

volatile data storage. Processor(s) 172 may collectively execute instructions included on 

secondary storage device 168 to perform processing for the functions and methods 

described herein. 

[0056] In some embodiments, control system 116 stores information in a remote storage 

device, such as cloud storage, accessible across a network, such as network 26 or 

another network. In some embodiments, control system 116 stores information distributed 

across multiple storage devices, such as memory 152 and secondary storage device 168 

(i.e., each of the multiple storage devices stores a portion of the information and 

collectively the multiple storage devices store all of the information). Accordingly, storing 
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data on a storage device as used herein and in the claims, means storing that data in a 

local storage device, storing that data in a remote storage device, or storing that data 

distributed across multiple storage devices, each of which can be local or remote. 

[0057] Input device 176 can include any device for entering information into control 

system 116. For example, input device 176 can be a keyboard , keypad, cursor-device, 

touchscreen, camera, or microphone. Input device 176 can also include input ports and 

wireless radios (e.g., Bluetooth®, or 802.11x) for making wired and wireless connections 

to external devices. 

[0058] Display device 164 can include any type of device for presenting visual information. 

For example, display device 164 can be a computer monitor, a flat-screen display, a 

projector or a display panel. 

[0059] Output device 160 can include any type of device for presenting a hard copy of 

information, such as a printer for example. Output device 160 can also include other types 

of output devices such as speakers, for example. In at least one embodiment, output 

device 160 includes one or more of output ports and wireless radios (e.g ., Bluetooth®, or 

802.11 x) for making wired and wireless connections to external devices. 

[0060] Communication device 180 can have any design suitable to receive analog and/or 

digital inputs from , and to provide analog and/or digital outputs. In some embodiments, 

communication device 180 may include separate modules for analog and digital signals. 

[0061] Processor(s) 172 may be any devices that can collectively execute applications, 

computer readable instructions or programs. The applications, computer readable 

instructions or programs can be stored in memory 152 or in secondary storage device 

168, or can be received from remote storage accessible through network 26, for example. 

Processor 172 may be a high-performance general processor, a standard processor (e.g., 

an Intel® processor or an AMD® processor), specialized hardware (e.g. , GPUs), or 

multiple processing devices that collectively perform the functions provided by processor 

172. 

8552452 



15 

[0062] FIG. 2 illustrates one example of a control system 116. In alternative embodiments, 

control system 116 contains fewer, additional or different components. In addition, 

although aspects of an implementation of control system 116 are described as being 

stored in memory, one skilled in the art will appreciate that these aspects can also be 

stored on or read from other types of computer program products or computer-readable 

media, such as secondary storage devices, including hard disks, floppy disks, COs, or 

DVDs; a carrier wave from the Internet or other network; or other forms of RAM or ROM. 

For example, control system 116 may include a non-transitory computer readable 

medium storing computer-readable instructions that when executed by processor(s) 172, 

configure processor(s) 172 to collectively perform method(s) described herein. 

[0063] Referring now to FIG. 3, shown therein is a flowchart illustrating an example 

method 200 of recording a storage location by size for harvested tubers deposited by a 

bin piler. The harvested tubers can be, for example, all the tubers harvested from a field. 

In some embodiments, the harvested tubers can be a portion of the tubers harvested from 

the field . In some examples, the portion may be defined by a time duration (e.g., harvested 

tubers moving on the conveyor during a prescribed (e.g., one minute or one hour) time 

duration or by number (e.g., a number of truckloads of tubers)). 

[0064] Method 200 may be performed, for example, using apparatus 100 (FIG. 1) and 

reference is also made below to FIGS. 1 and 2. Method 200 may be automatically 

performed in response to detecting movement of conveyor 108. In some embodiments, 

method 200 may be performed in response to a user input or based on a stored time 

schedule. 

[0065] In some cases, the harvested tubers may be potatoes. In other cases, the 

harvested tubers may be any other tubers (e.g., sweet potatoes, yams, cassava, etc.) . 

[0066]At 204, one or more images of harvested tubers 10 moving on a conveyor towards 

a bin piler may be captured. For example, the images may be captured by camera 112. 

Camera 112 may provide the captured images to a control system (e.g., control system 

116). 
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[0067] In some embodiments, a portion of the harvested tubers may be imaged at 204. 

Imaging on a portion of the harvested tubers may provide a reduction in computational 

resource requirements. In other embodiments, all the harvested tubers may be imaged 

at 204. This may provide larger amount of data for determining the size of harvested 

tubers, which may allow for more accurate sizing . 

[0068]At 208, individual tuber depictions visible in the captured images may be 

segmented. For example, processor 172 of control system 116 may segment the 

individual tuber depictions visible in the captured images. The individual tuber depictions 

may be segmented by generating a binary mask indicating a detected region of each 

individual tuber depiction and generating a bounding box that encompasses the detected 

region of that individual tuber depiction. 

[0069] In some embodiments, the individual tuber depictions may be segmented using a 

suitable machine learning model. For example, processor 172 may segment the individual 

tuber depictions using a suitable machine learning model stored in memory 152. 

[0070]A suitable machine learning model may be selected based on factors including 

accuracy, speed and computational resource requirements. In some embodiments, a 

Mask Region-based Convolutional Neural Network (R-CNN) model may be used to 

segment individual tuber depictions visible in the captured images. In other embodiments, 

a different model (for example, U-net) may be used to segment individual tuber depictions 

visible in the captured images. 

[0071] Reference is now made to FIGS. 4A and 48. FIG. 4A shows an example captured 

image 304 of multiple potatoes moving on a conveyor. The moving potatoes may be 

clustered and some potatoes may lie over other potatoes. As can be seen in captured 

image 304, the clustering may cause occlusion of some of the imaged potatoes. FIG. 48 

shows an example segmentation image 308 generated for example captured image 304 

using a Mask R-CNN model. The trained Mask R-CNN model can receive captured image 

304 as input and provide segmentation image 308 as output. Segmentation image 308 

includes individual potato depictions segmented from one another (instance 

segmentation) and from the conveyor (semantic segmentation). 
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[0072]The Mask R-CNN model architecture may include a backbone stage and a head 

stage. In some embodiments, the backbone stage may be constructed using Feature 

Pyramid Network (FPN), Residual Network (ResNet) , Regional Proposal Network (RPN) 

and a Region of Interest (ROI) align layer. The backbone stage can generate predictions 

of regions in the captured image that might contain tuber depictions. The head stage may 

include fully connected layers where the classification, bounding box and mask 

predictions can be generated using the region predictions from the backbone stage. 

[0073]Any suitable platform may be used for implementing the Mask R-CNN model 

architecture. In some embodiments, the detectron2 library may be used. In other 

embodiments, a different platform (e.g., MMDetection) may be used. 

[0074] Referring back to FIGS . 1 to 3, at 212 of method 200, one or more shape 

characteristics may be determined for the individual tuber depictions. For example, 

processor 172 may determine one or more shape characteristics for the individual tuber 

depictions segmented at 208. 

[0075]The shape characteristics may include for example, one or more color-based 

feature parameters (S/N_1 and S/N_2) , edge-based feature parameters (avg_val_bbox, 

ellipticalness, ellipse ratio, circularity, convexity defect), and/or the seven image invariant 

moments (H1-H7) obtained from the HuMoments method of the OpenCV Python library. 

Further information on these shape characteristics are provided below. In some 

embodiments, step 212 is omitted because the one or more shape characteristics are 

prestored (e.g., in memory 152 or storage device 168) and accessible to processor(s) 

172 (see FIG. 2). 

[0076] Reference is now made to FIGS. 5A-5D. FIG. 5A shows a bounding box 320 fitted 

around an example binary mask of an individual tuber depiction. FIG. 58 shows an angle­

adjusted bounding box 332 fitted around an example binary mask of an individual tuber 

depiction . FIG. 5C shows an ellipse 336 fitted to the external contour of an example binary 

mask of an individual tuber depiction. FIG. 50 shows the deviation 340 of an example 

binary mask of an individual tuber depiction from its convex hull. 

8552452 



18 

[0077]The avg_val_bbox edge-based feature parameter may be determined based on 

an average density of tuber mask pixels along the edges of the bounding box. For 

example, processor 172 can compute the total number of pixels along the edges of 

bounding box 320 shown in FIG. SA. Processor 172 can also compute the number of 

tuber mask pixels along the edges of bounding box 320 (corresponding to edge portions 

324 and 328). Processor 172 may determine the avg_val_bbox edge-based feature 

parameter using the ratio of the tuber mask pixels along the edges of bounding box 320 

to the total number of pixels along the edges of bounding box 320. A higher value for this 

ratio (e.g ., higher than a threshold value) may indicate that the tuber represented by the 

binary mask is substantially truncated (e.g., by an occluding tuber or by the edge(s) of the 

captured image) and should be treated as an occluded tuber. 

[0078]The S/N_1 color-based feature parameter may be determined based on a ratio of 

the number of tuber mask pixels to the total number of pixels enclosed by the bounding 

box. For the example bounding box 320 shown in FIG. SA, processor 172 can compute 

the number of tuber mask pixels (white pixels 352) to the total number of pixels (black 

pixels 356 and white pixels 352) enclosed by bounding box 320. 

[0079]The S/N_2 color-based feature parameter may be determined based on a ratio of 

the number of tuber mask pixels to the total number of pixels enclosed by the angle­

adjusted bounding box. The angle-adjusted bounding box may be defined to capture the 

angular orientation of the tuber mask. For the example angle-adjusted bounding box 332 

shown in FIG. 58, processor 172 can compute the number of tuber mask pixels (white 

pixels 360) to the total number of pixels (grey pixels 364 and white pixels 360) enclosed 

by angle-adjusted bounding box 332. The angle-adjusted bounding box may be smaller 

than a corresponding unadjusted bounding box and result in the S/N_2 parameter value 

being higher than the corresponding S/N_1 parameter value. 

[0080]The ellipticalness edge-based feature parameter may be determined based on the 

ratio of the area of an ellipse (fitted to the external contour of tuber mask pixels) to the 

number of tuber mask pixels. For example, processor 172 can compute the area of ellipse 
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336 fitted to the external contours of the tuber mask pixels shown in FIG. 5C. Processor 

172 may compute the area of ellipse 336 using Equation 3 below-

A=rrab/4 (Equation 3) 

where a is the length of the major axis 368 of ellipse 336, b is the length of the minor axis 

372 of ellipse 336 and A is the computer area of ellipse 336. Processor 172 may 

determine the ratio of area A to the number of tuber mask pixels to determine the 

ellipticalness. 

[0081] The ellipse ratio edge-based feature parameter may be determined based on the 

ratio of the number of tuber mask pixels enclosed by the contour of the fitted ellipse to the 

total number of tuber mask pixels. For example, processor 172 can compute the number 

of tuber mask pixels enclosed by the contour of ellipse 336 shown in FIG. 5C (number of 

white pixels enclosed by ellipse 336) to the total number of tuber mask pixels (total 

number of white pixels). 

[0082]The circularity edge-based feature parameter may be determined based on how 

closely the shape of the tuber mask resembles a circle. For example, processor 172 can 

determine the circularity parameter value using Equation 4 below-

4rr x Area 
Circularity = p . 2 en meter 

(Equation 4) 

where Area is the area of the tuber mask (e.g., number of tuber mask pixels (e.g., white 

pixels in FIG. 5C)) , and Perimeter is the perimeter of the tuber mask (e.g., number of 

edge pixels forming the perimeter of the tuber mask). 

[0083]The convexity defect edge-based feature parameter may be determined based on 

the deviation of the tuber mask from its convex hull. For the example shown in FIG. 50, 

processor 172 can determine the convexity defect parameter value based on deviation 

340 of the tuber mask from its convex hull 344. 

[0084] Referring back to FIGS. 1 to 3, at 216 of method 200, one or more unoccluded 

tuber depictions may be identified by determining that at least one of the individual tuber 
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depictions is an unoccluded tuber depiction. As shown in FIG. 4A, captured image 304 

may depict multiple occluded and unoccluded tubers. A segmented individual tuber 

depiction may be identified as an unoccluded tuber depiction based on the shape 

characteristics determined for that individual tuber depiction at 212. For example, 

processor 172 of control system 116 may identify one or more unoccluded tuber 

depictions at 216. 

[0085] The unoccluded tuber depictions may be identified based on binary classification 

of the segmented individual tuber depictions as fully visible and partially visible tubers. In 

some embodiments, a threshold-value based sampling approach may be used to identify 

unoccluded tuber depictions. In other embodiments, a machine-learning based sampling 

approach may be used to identify the unoccluded tuber depictions. The machine-learning 

based sampling approach may provide higher classification accuracy compared with the 

threshold-value based sampling approach. 

[0086]Any suitable number of unoccluded tuber depictions may be sampled in each 

image. In some embodiments, a maximum of 1 to 5 unoccluded tuber depictions may be 

sampled in each image. A smaller sample size may reduce computing resource 

requirements. In other embodiments, a larger number of unoccluded tuber depictions may 

be sampled in each image (e.g., a maximum of 5 to 10). Less than the defined maximum 

number of unoccluded tuber depictions may be sampled where less than the defined 

maximum number of unoccluded tuber depictions are present in the image. Overall, a 

higher sample size may provide higher accuracy in determining the average size that is 

attributed to the harvested tubers but may require higher amount of computing resources. 

[0087] In the threshold-value based sampling approach, one or more of the shape 

characteristics may be used as thresholding parameters. The thresholding parameters 

may be selected based on pre-determined correlation coefficients between the parameter 

values of the shape characteristics and the response variable (binary classification as 

occluded/unoccluded). For example, the thresholding parameters may include S/N_1, 

S/N_2, ellipticalness, circularity, convexity defect and two Hu image moments (H3 and 

H4). In other examples, different thresholding parameters may be used. 
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[0088] Processor 172 may identify occluded tuber depictions by comparing the 

determined values for the thresholding parameters with pre-determined threshold values. 

In some embodiments, the pre-determined threshold values may be based on the mean, 

range, 25th, 50th, and 75th percentile values for both fully visible and partially visible tuber 

classes. 

[0089] In the machine-learning based sampling approach, any suitable machine learning 

model may be used. In some embodiments, a trained random forest model may be used. 

In other embodiments, other trained models may be used , for example, a support vector 

machine (SVM) or a logistic regression model. The random forest model may provide 

higher classification accuracy compared with other models for identification of the 

unoccluded tuber depictions. 

[0090] In some embodiments, processor 172 may provide a subset of the one or more 

shape characteristics as input to the selected machine learning model (e.g., a random 

forest model) . The subset of the shape characteristics may be pre-determined based on 

sequential forward feature selection to identify the features with the highest predictive 

power. For example, processor 172 may provide parameter values correspond ing to 

convexity defect, ellipse ratio, ellipticalness, circularity, avg_val_bbox, and S/N 1 as 

inputs to the machine learning model. 

[0091] Referring now to FIG. 4C, shown therein is an image 312 providing a graphical 

illustration of the output generated by the machine learning model. Image 312 shows five 

unoccluded potato depictions identified among the segmented individual tuber depictions 

shown in FIG. 48 . 

[0092] Referring back to FIGS. 1 to 3, at 220 of method 200, a size of tubers 

corresponding to at least one of the unoccluded tuber depictions (identified at 216) may 

be measured. For an example embodiment where five unoccluded tuber depictions are 

identified in each image, processor 172 may measure the size of tubers corresponding to 

each of the five unoccluded tuber depictions. 

8552452 



22 

[0093] The measured size may include at least one of a one-dimensional length, a 

projected area and a volume. For the example image shown in FIG. 4C, processor 172 

may measure a major diameter of an ellipse fitted to each unoccluded potato tuber 

depiction. In some embodiments, processor 172 may measure a minor diameter of the 

ellipse or measure both the major and minor diameters. 

[0094] In some embodiments, processor 172 may measure a projected area of the tuber 

corresponding to the unoccluded tuber depiction. For example, processor 172 may 

measure the two-dimensional area corresponding to the tuber mask for each unoccluded 

potato depiction shown in FIG. 4C. 

[0095] In some embodiments, processor 172 may measure a volume of the tuber 

corresponding to the unoccluded tuber depiction. For example, processor 172 may 

measure the volume based as a volume of a revolution of the projected area of the 

unoccluded tuber around the major axis of a fitted ellipse. 

[0096]At 224, an average size may be attributed to at least tubers corresponding to the 

occluded tuber depictions based on the measured size at 220. For example, processor 

172 may attribute an average size to at least tubers corresponding to the occluded tuber 

depictions based on the measured size at 220. 

[0097]The average size may be attributed based on the measured size of multiple 

unoccluded tuber depictions. For example, multiple unoccluded tuber depictions may be 

measured in each captured image and/or multiple images may be captured of the 

harvested tubers with each image including one or more measured unoccluded tuber 

depictions. The average size may be attributed to the tubers corresponding to the 

occluded tuber depictions in the captured images. The average size may also be 

attributed to the tubers corresponding to the unoccluded tuber depictions in the captured 

images and/or to any tubers that were not imaged. For example, the average size may 

be attributed to a certain number or mass of tubers, or tubers that passed within a certain 

time period before, between, and/or after the images were captured. 
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[0098] At 228, the storage location of the harvested tubers may be determined based at 

least in part on bin piler location data. For example, processor 172 may determine the 

storage location of the harvested tubers based in part on bin piler location data received 

from location system 120. 

[0099] The storage location of the harvested tubers can include any suitable data that 

indicates a physical placement of the harvested tubers. For exam pie, the bin piler may 

deposit the harvested tubers into bins located inside the storage facility and the 

determined storage location may include a bin identifier (e.g., identification number). As 

another example, the storage location may include position coordinates (e.g., two or three 

dimensional coordinates) within the storage facility or a location identifier (e.g., storage 

facility quadrant or zone number) associated with the physical location within the storage 

facility. 

[0100]The storage location may include data with any suitable level of granularity. For 

example, the storage location may include x-y coordinate data indicating a floor location 

within the storage facility. In some examples, the storage location may also include z 

coordinate data indicating a height within a pile of harvested tubers. 

[0101] In some embodiments, the storage location of the harvested tubers may be 

determined based on bin piler location data and one or more movement characteristics 

of the conveyor. For example, processor 172 may determine the storage location based 

on bin piler location data received from location system 120, conveyor speed data 

received from sensors 148, and extendable conveyor segment length data and boom 

length data received from sensors 121 and location system 120. Processor 172 may use 

conveyor speed and length data for tracking movement of the harvested tubers from 

grading station 22 to bin piler 104. The movement tracking may be based on real-time 

speed and length data received from sensors 148 or a pre-determined transit time 

associated with movement of a tuber from grading station 22 to bin piler 104. Processor 

172 may further track movement of the harvested tubers from bin piler 1 04 to the storage 

location based on the bin piler location data received from location system 120. 

Processor 172 may determine, based on movement characteristics of the conveyor, what 
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average size to attribute to the tubers presently being deposited by the bin piler 1 04. The 

transit time between grading station 22 and bin piler 104 may be such that multiple groups 

of tubers may pass through grading station 22, and each one assigned an average size, 

before the first of those tuber groups reaches the bin piler 104. In this example, the transit 

time between grading station 22 and bin piler 1 04 may be used by processor 172 to 

determine which of the series of determined average sizes to attribute to the tubers 

presently being deposited by bin piler 104 (e.g., the average size determined for the group 

that passed by the grading station 22 one transit time ago). 

[0102] In some embodiments, the height (i.e. z-coordinate, elevation, or gravity oriented) 

location of tubers deposited by bin piler 104 may be determined to be a prescribed or 

measured offset from the z-coordinate location of the discharge end of bin piler 104. For 

example, bin piler 104 may maintain the discharge end of boom 140 at a programmed 

height above tubers or the floor below (e.g. automatically using a sensor such as an 

ultrasonic distance sensor, or manually by an operator) where that height is intended to 

mitigate damaging the tubers from the fall (e.g. 15cm or less). In other examples, bin 

piler 104 may include a sensor 122 (e.g. ultrasonic distance sensor) for sensing the height 

offset between the discharge end of bin piler 104 and the tubers or floor below. This may 

allow for an accurate determination of the elevation (e.g. z-coordinate location) where the 

tubers are being deposited within the storage facility 18. 

[01 03] At 232, the storage location of the harvested tubers and the average size may be 

recorded in memory. For example, processor 172 may record in memory 152 the storage 

location of the harvested tubers in association with the average size attributed to the 

harvested tubers (e.g., as a database entry). The stored information may be provided to 

one or more users of control system 116. This may perm it tubers of the desired grading 

(e.g., size) to be selectively located and retrieved according to the intended product to 

make from the tubers (e.g., French fries or potato flakes). 

[0104]While the above description provides examples of the embodiments, it will be 

appreciated that some features and/or functions of the described embodiments are 

susceptible to modification without departing from the spirit and principles of operation of 
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the described embodiments. Accordingly, what has been described above has been 

intended to be illustrative of the invention and non-limiting and it will be understood by 

persons skilled in the art that other variants and modifications may be made without 

departing from the scope of the invention as defined in the claims appended hereto. The 

scope of the claims should not be limited by the· preferred embodiments and examples, 

but should be given the broadest interpretation consistent with the description as a whole. 

ITEMS 

[01 05] Item 1: A method of recording a storage location by size for harvested tubers 

deposited by a bin piler, the method comprising: capturing, using a camera, one or more 

images of the harvested tubers moving on a conveyor towards the bin piler; segmenting, 

by a processor, individual tuber depictions visible in the one or more images; determining, 

by the processor, one or more shape characteristics for a plurality of the individual tuber 

depictions; identifying, by the processor, one or more unoccluded tuber depictions by 

determining that at least one of the individual tuber depictions is an unoccluded tuber 

depiction based on the one or more shape characteristics of that individual tuber 

depiction, the tuber depictions including occluded tuber depictions; measuring, by the 

processor, a size of tubers corresponding to at least one of the unoccluded tuber 

depictions; attributing, by the processor, an average size to at least tubers corresponding 

to the occluded tuber depictions based on the size of tubers corresponding to the at least 

one of the unoccluded tuber depictions; determining, by the processor, the storage 

location of the harvested tubers based at least in part on bin piler location data; and 

recording in memory the storage location of the harvested tubers and the average size. 

[0106] Item 2: The method of any preceding item, wherein said segmenting includes 

deriving a binary mask for each individual tuber depiction using a Mask Region-based 

Convolutional Neural Network (R-CNN) model. 

[0107] Item 3: The method of any preceding item, wherein said determining one or more 

shape characteristics includes at least one of: determining a color-based feature 

parameter, and an edge-based feature parameter for the binary mask. 
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[0108] Item 4: The method of any preceding item, wherein said identifying the one or more 

unoccluded tuber depictions includes binary classification of fully and partially visible 

tuber depictions using a random forest model. 

[0109] Item 5: The method of any preceding item , wherein the size includes at least one 

of a volume, a projected area and a one-dimensional length. 

[0110] Item 6: The method of any preceding item, wherein said measuring includes fitting 

an external contour of the at least one of the unoccluded tuber depictions with an ellipse 

and determining a major diameter and a minor diameter of the ellipse. 

[0111] Item 7: The method of any preceding item, wherein said determining the storage 

location of the harvested tubers is further based on one or more movement characteristics 

of the conveyor. 

[0112] Item 8: The method of any preceding item, wherein the bin piler location data is 

received from one or more sensors positioned on the bin piler or adjacent to the storage 

location. 

[0113] Item 9: The method of any preceding item, wherein the harvested tubers include 

potatoes. 

[0114] Item 10: An apparatus for recording a storage location by size for harvested tubers, 

the apparatus comprising: a bin piler configured to deposit the harvested tubers at the 

storage location; a conveyor configured to move the harvested tubers towards the bin 

piler; a camera configured to capture one or more images of the harvested tubers moving 

on the conveyor; a location system configured to generate bin piler location data 

indicating a location of the bin piler; and a control system having at least one processor 

and a memory, the at least one processor configured to collectively: receive the one or 

more images from the camera; segment individual tuber depictions visible in the one or 

more images; determine one or more shape characteristics for a plurality of the individual 

tuber depictions; identify one or more unoccluded tuber depictions by determining that at 

least one of the individual tuber depictions is an unoccluded tuber depiction based on the 

one or more shape characteristics of that individual tuber depiction, the tuber depictions 

8552452 



27 

including occluded tuber depictions; measure a size of tubers corresponding to ·at least 

one of the unoccluded tuber depictions; attribute an average size to at least tubers 

corresponding to the occluded tuber depictions based on the size of tubers corresponding 

to the at least one of the unoccluded tuber depictions; determine the storage location of 

the harvested tubers based at least in part on the bin piler location data; and record in the 

memory the storage location of the harvested tubers and the average size. 

[0115] Item 11: The apparatus of any preceding item, wherein said segmenting comprises 

deriving a binary mask for each individual tuber depiction using a Mask Region-based 

Convolutional Neural Network (R-CNN) model. 

[0116] Item 12: The apparatus of any preceding item, wherein said determining the one 

or more shape characteristics comprises determining at least one of: a color-based 

feature parameter, and an edge-based feature parameter for the binary mask. 

[0117] Item 13: The apparatus of any preceding item, wherein said identifying the one or 

more unoccluded tuber depictions comprises binary classification of fully and partially 

visible tuber depictions using a random forest model. 

[0118] Item 14: The apparatus of any preceding item, wherein the size includes at least 

one of a volume, a projected area, and a one-dimensional length. 

[0119] Item 15: The apparatus of any preceding item , wherein said measuring comprises 

fitting an external contour of the at least one of the unoccluded tuber depictions with an 

ellipse and determining a major diameter and a minor diameter of the ellipse. 

[0120] Item 16: The apparatus of any preceding item, wherein said determining the 

storage location of the harvested tubers is further based on one or more movement 

characteristics of the conveyor. 

[0121] Item 17: The apparatus of any preceding item , wherein the location system 

comprises one or more sensors positioned on the bin piler or adjacent to the storage 

location, the one or more sensors configured to generate the bin piler location data . 
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[0122] Item 18: The apparatus of any preceding item, wherein the harvested tubers 

include potatoes. 

[0123] Item 19: A non-transitory computer-readable medium comprising instructions 

executable by a processor, wherein the instructions when executed configure the 

processor to: receive, from a camera, one or more images of harvested tubers moving on 

a conveyor towards a bin piler; segment individual tuber depictions visible in the one or 

more images; determine one or more shape characteristics for a plurality of the individual 

tuber depictions; identify one or more unoccluded tuber depictions by determining that at 

least one of the individual tuber depictions is an unoccluded tuber depiction based on the 

one or more shape characteristics of that individual tuber depiction, the tuber depictions 

including occluded tuber depictions; measure a size of tubers corresponding to at least 

one of the unoccluded tuber depictions; attribute an average size to at least tubers 

corresponding to the occluded tuber depictions based on the size of tubers corresponding 

to the at least one of the unoccluded tuber depictions; determine a storage location of the 

harvested tubers based at least in part on bin piler location data; and record in memory 

the storage location of the harvested tubers and the average size. 

[0124] Item 20: The non-transitory computer-readable medium of any preceding item, 

wherein said segmenting comprises deriving a binary mask for each individual tuber 

depiction using a Mask Region-based Convolutional Neural Network (R-CNN) model. 

[0125] Item 21: The non-transitory computer-readable medium of any preceding item, 

wherein said determining the one or more shape characteristics comprises determining 

at least one of: a color-based feature parameter, and an edge-based feature parameter 

for the binary mask. 

[0126] Item 22: The non-transitory computer-readable medium of any preceding item, 

wherein said identifying the one or more unoccluded tuber depictions comprises binary 

classification of fully and partially visible tuber depictions using a random forest model. 
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[0127] Item 23: The non-transitory computer-readable medium of any preceding item, 

wherein the size includes at least one of a volume, a projected area, and a one­

dimensional length. 

[0128] Item 24: The non-transitory computer-readable medium of any preceding item, 

wherein said measuring comprises fitting an external contour of the at least one of the 

unoccluded tuber depictions with an ellipse and determining a major diameter and a minor 

diameter of the ellipse. 

[0129] Item 25: The non-transitory computer-readable medium of any preceding item, 

wherein said determining the storage location of the harvested tubers is further based on 

one or more movement characteristics of the conveyor. 

[0130] Item 26: The non-transitory computer-readable medium of any preceding item, 

wherein the bin piler location data is received from one or more sensors positioned on the 

bin piler or adjacent to the storage location. 

[0131] Item 27: The non-transitory computer-readable medium of any preceding item, 

wherein the harvested tubers include potatoes. 
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WE CLAIM: 

1. A method of recording a storage location by size for harvested tubers deposited 

by a bin piler, the method comprising: 

capturing, using a camera, one or more images of the harvested tubers moving on 

a conveyor towards the bin piler; 

segmenting, by a processor, individual tuber depictions visible in the one or more 

images; 

determining, by the processor, one or more shape characteristics for a plurality of 

the individual tuber depictions; 

identifying, by the processor, one or more unoccluded tuber depictions by 

determining that at least one of the individual tuber depictions is an unoccluded 

tuber depiction based on the one or more shape characteristics of that individual 

tuber depiction, the tuber depictions including occluded tuber depictions; 

measuring, by the processor, a size of tubers corresponding to at least one of the 

unoccluded tuber depictions; 

attributing, by the processor, an average size to at least tubers corresponding to 

the occluded tuber depictions based on the size of tubers corresponding to the at 

least one of the unoccluded tuber depictions; 

determining, by the processor, the storage location of the harvested tubers based 

at least in part on bin piler location data; and 

recording in memory the storage location of the harvested tubers and the average 

size. 

2. The method of claim 1, wherein said segmenting includes deriving a binary mask 

for each individual tuber depiction using a Mask Region-based Convolutional Neural 

Network (R-CNN) model. 
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3. The method of claim 2, wherein said determining one or more shape 

characteristics includes at least one of: determining a color-based feature parameter, and 

an edge-based feature parameter for the binary mask. 

4. The method of claim 1, wherein said identifying the one or more unoccluded tuber 

depictions includes binary classification of fully and partially visible tuber depictions using 

a random forest model. 

5. The method of claim 1, wherein the size includes at least one of a volume, a 

projected area and a one-dimensional length. 

6. The method of claim 1, wherein said measuring includes fitting an external contour 

of the at least one of the unoccluded tuber depictions with an ellipse and determining a 

major diameter and a minor diameter of the ellipse. 

7. The method of claim 1, wherein said determining the storage location of the 

harvested tubers is further based on one or more movement characteristics of the 

conveyor. 

8. The method of claim 1, wherein the bin piler location data is received from one or 

more sensors positioned on the bin piler or adjacent to the storage location. 

9. The method of claim 1, wherein the harvested tubers include potatoes. 

10. An apparatus for recording a storage location by size for harvested tubers, the 

apparatus comprising: 

8552452 

a bin piler configured to deposit the harvested tubers at the storage location; 

a conveyor configured to move the harvested tubers towards the bin piler; 

a camera configured to capture one or more images of the harvested tubers 

moving on the conveyor; 

a location system configured to generate bin piler location data indicating a location 

of the bin piler; and 
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a control system having at least one processor and a memory, the at least one 

processor configured to collectively: 

receive the one or more images from the camera; 

segment individual tuber depictions visible in the one or more images; 

determine one or more shape characteristics for a plurality of the individual 

tuber depictions; 

identify one or more unoccluded tuber depictions by determining that at 

least one of the individual tuber depictions is an unoccluded tuber depiction 

based on the one or more shape characteristics of that individual tuber 

depiction, the tuber depictions including occluded tuber depictions; 

measure a size of tubers corresponding to at least one of the unoccluded 

tuber depictions; 

attribute an average size to at least tubers corresponding to the occluded 

tuber depictions based on the size of tubers corresponding to the at least 

one of the unoccluded tuber depictions; 

determine the storage location of the harvested tubers based at least in part 

on the bin piler location data; and 

record in the memory the storage location of the harvested tubers and the 

average size. 

11. The apparatus of claim 10, wherein said segmenting comprises deriving a binary 

mask for each individual tuber depiction using a Mask Region-based Convolutional 

Neural Network (R-CNN) model. 

12. The apparatus of claim 11, wherein said determining the one or more shape 

characteristics comprises determining at least one of: a color-based feature parameter, 

and an edge-based feature parameter for the binary mask. 
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13. The apparatus of claim 1 0, wherein said identifying the one or more unoccluded 

tuber depictions comprises binary classification of fully and partially visible tuber 

depictions using a random forest model. 

14. The apparatus of claim 1 0, wherein the size includes at least one of a volume, a 

projected area, and a one-dimensional length . 

15. The apparatus of claim 1 0, wherein said measuring comprises fitting an external 

contour of the at least one of the unoccluded tuber depictions with an ellipse and 

determining a major diameter and a minor diameter of the ellipse. 

16. The apparatus of claim 1 0, wherein said determining the storage location of the 

harvested tubers is further based on one or more movement characteristics of the 

conveyor. 

17. The apparatus of claim 10, wherein the location system comprises one or more 

sensors positioned on the bin piler or adjacent to the storage location, the one or more 

sensors configured to generate the bin piler location data . 

18. The apparatus of claim 1 0, wherein the harvested tubers include potatoes. 

19. A non-transitory computer-readable medium comprising instructions executable by 

a processor, wherein the instructions when executed configure the processor to: 
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receive, from a camera, one or more images of harvested tubers moving on a 

conveyor towards a bin piler; 

segment individual tuber depictions visible in the one or more images; 

determine one or more shape characteristics for a plurality of the individual tuber 

depictions; 

identify one or more unoccluded tuber depictions by determining that at least one 

of the individual tuber depictions is an unoccluded tuber depiction based on the 
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one or more shape characteristics of that individual tuber depiction, the tuber 

depictions including occluded tuber depictions; 

measure a size of tubers corresponding to at least one of the unoccluded tuber 

depictions; 

attribute an average size to at least tubers corresponding to the occluded tuber 

depictions based on the size of tubers corresponding to the at least one of the 

unoccluded tuber depictions; 

determine a storage location of the harvested tubers based at least in part on bin 

piler location data; and 

record in memory the storage location of the harvested tubers and the average 

size. 

20. The non-transitory computer-readable medium of claim 19, wherein said 

segmenting comprises deriving a binary mask for each individual tuber depiction using a 

Mask Region-based Convolutional Neural Network (R-CNN) model. 

21 . The non-transitory computer-readable medium of claim 20, wherein said 

determining the one or more shape characteristics comprises determining at least one of: 

a color-based feature parameter, and an edge-based feature parameter for the binary 

mask. 

22. The non-transitory computer-readable medium of claim 19, wherein said 

identifying the one or more unoccluded tuber depictions comprises binary classification 

of fully and partially visible tuber depictions using a random forest model. 

23. The non-transitory computer-readable medium of claim 19, wherein the size 

includes at least one of a volume, a projected area, and a one-dimensional length. 

24. The non-transitory computer-readable medium of claim 19, wherein said 

measuring comprises fitting an external contour of the at least one of the unoccluded 

8552452 



35 

tuber depictions with an ellipse and determining a major diameter and a minor diameter 

of the ellipse. 

25. The non-transitory computer-readable medium of claim 19, wherein said 

determining the storage location of the harvested tubers is further based on one or more 

movement characteristics of the conveyor. 

26. The non-transitory computer-readable medium of claim 19, wherein the 

instructions when executed further configure the processor to receive the bin piler location 

data from one or more sensors positioned on the bin piler or adjacent to the storage 

location. 

27. The non-transitory computer-readable medium of claim 19, wherein the harvested 

tubers include potatoes. 
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ABSTRACT 

An apparatus and a method of determining a storage location by size for harvested tubers 

deposited by a bin piler are provided. The method may comprise: capturing one or more 

images of the harvested tubers ; segmenting individual tuber depictions visible in the 

images; determining one or more shape characteristics for a plurality of the individual 

tuber depictions; identifying one or more unoccluded tuber depictions by determining that 

at least one of the individual tuber depictions is an unoccluded tuber depiction based on 

the shape characteristics of that individual tuber depiction; measuring a size of tubers 

corresponding to at least one of the unoccluded tuber depictions; attributing an average 

size to at least tubers corresponding to the occluded tuber depictions based on the 

measured size; determining the storage location of the harvested tubers based in part on 

bin piler location data; and recording in memory the storage location and average size. 
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applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient 
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
Assignee 

I 
Legal Representative under 35 U.S.C. 117 I Joint Inventor 

• Person to whom the inventor is obligated to assign . 
I 

Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

l .. J 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~alhousie University 

Mailing Address Information For Applicant: 

Address 1 p299 South Street 

Address 2 

City 1-talifax State/Province NS 

Count,Y I J:A Postal Code B3H 4H6 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button . I Add I 

Assignee Information including Non-Applicant Assignee Information : 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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Application Data Sheet 37 CFR 1. 76 
Attorney Docket Number 7028-P71709lJ.SOO 

Application Number 

Title of Invention APPARATUS AND METHOD OF RECORDING A STORAGE LOCATION BY SIZE FOR HARVESTED 
TUBERS 

Assignee 11 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. D 
Prefix Given Name Middle Name Family Name Suffix 

I B l I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City II State/Province 

Countryi II Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or 8 is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practi tioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature Nictor Krichker/ Date (YYYY-MM-DD) 2023-07-13 

First Name ~ictor I Last Name I ~richker Registration Number 50,198 

Additional Signature may be generated within this form by selecting the Add button . I Add I 
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number. 

7028-P71709USOO Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention 
APPARATUS AND METHOD OF RECORDING A STORAGE LOCATION BY SIZE FOR HARVESTED 
TUBERS 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy 
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of 
Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative 
tribunal, including disclosures to opposing counsel in the course of settlement negotiations. 

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom 
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements ofthe Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use, 
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181) 
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an 
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of 
records forth is purpose, and any other relevant [i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S. C. 
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, 
to the public ifthe record was filed in an application which became abandoned or in which the proceedings were terminated and which appl ication is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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