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positioned around the rotating turntable to provide consistent and uniform lighting for capturing 

images of pallets regardless of the lighting conditions in the ambient environment (i.e., dock area 

in warehouse). One or more lights (e.g., red lights, strobe lights) can be positioned inside the 

photo booth and/or to the vertical pole to illuminate the rotating turntable and pallet thereon, and 

particular lighting configurations (e.g., wavelength of emitted light from light source, polarized 

filter, strobe duration, light intensity) and/or camera configurations (e.g., shutter speed, polarized 

lens filter) can be used to achieve consistent and reliable images in spite of highly variable pallet 

conditions (e.g., frost, layers of transparent and semi-transparent plastic wrap).   For example, the 

lighting can be offset and angled from the vantage point of the cameras (e.g., approximately 45 

degree offset) to reduce glare in captured images. The photo booth and lighting can provide for 

brighter, clearer images of the pallet to be captured by the cameras.  

[0008] A computing system can control operation of components of the disclosed technology 

that are used to profile the pallet (e.g., the cameras, the turntable, the on and off conveyor belts, 

the lights, etc.). For example, a pallet can be loaded onto the on conveyor belt (e.g., upon first 

entering the warehouse). The pallet can be automatically aligned as it moves down the on 

conveyor belt, and can then be automatically moved onto the turntable. The computing system 

can control the turntable to center the pallet thereon, which can permit images of the pallet to be 

captured from a same/similar distance from around the pallet as the pallet is rotated on the 

turntable. The turntable can rotate at a predetermined speed, and can include pauses at various 

angles of rotation (e.g., pause every 15, 30, 45, 60, or 90 degree rotation) to capture images of 

the pallet at those orientations relative to the cameras.  Alternatively and/or additionally, the 

pallet may be continuously rotated and images can be captured at various orientations, without 

pausing the turntable’s rotation.  The computing system can receive image data from cameras 

and, using image analysis techniques and/or machine learning models, identify information about 

the pallet. For example, the computing system can identify one or more labels or other unique 

identifiers associated with the pallet and/or its component parts (i.e., cases on pallet). In another 

example, the computing system can determine the dimensions of the pallet (e.g., height, width, 

depth), types of items included in the pallet, quantities of those items, information on those 

specific items (e.g., date, origin, expiration), and/or other details. 

[0009] The computing system can use the determined pallet information to direct subsequent 

treatment of the pallet, such as for inbound pallets into a warehouse to identify a specific storage 
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meters from the turntable. In some implementations, vertical profiling structure can include at 

least one light source vertically aligned with and offset from each of the plurality of cameras. 

The at least one light source can be a red light. One or more of the plurality of cameras can 

include at least one of a polarizer, a red light filter, and a bandpass filter. In some 

implementations, the vertical profiling structure can include a light source mounted at a top of 

the vertical profiling structure and angled downwards to illuminate a top surface of the pallet as 

the pallet rotates on the turntable. 

[0014] As another example, the system can also include a photo booth that can enclose an area 

that includes the turntable and the vertical profiling structure. The photo booth can include (i) 

sides and a top that can prevent ambient light from entering the enclosed area and (ii) a light 

source to cast light on the pallet as the pallet rotates on the turntable. The light source can be 

laterally offset from the vertical profiling structure and angled relative to the turntable such that 

the light source reflects light to the plurality of cameras at an acute angle off of a top surface of 

the pallet. The light source can emit a certain intensity and duration of light that correlates with a 

predetermined shutter speed of the plurality of cameras. In some implementations, the photo 

booth can include a bar positioned along a top surface of the photo booth that is aligned in a 

direction of the first conveyor belt. The bar can include a light source and a camera. The light 

source can cast light on a top surface of the pallet as the pallet rotates on the turntable. The 

camera can capture images of the top surface of the pallet. In some implementations, the photo 

booth can be made of a dark fabric that can prevent ambient light from entering the enclosed 

area. 

[0015] In some implementations, the photo booth can also include (i) a first opening in a first 

side of the photo booth through which the pallet can be received from the first conveyor belt onto 

the turntable and (ii) a second opening in a second side of the photo booth opposite the first side 

through which the pallet can be moved from the turntable to the second conveyor belt. In some 

implementations, the system can also include at least one light source attached to a vertical 

lighting structure, where the vertical lighting structure can be positioned within the enclosed 

area. The vertical lighting structure can be offset from the vertical profiling structure. 

[0016] As another example, the system can include an overhead camera configured to capture 

images of a top surface of the pallet as the pallet rotates on the turntable. In some 
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implementations, the system can include one or more cameras mounted near a top portion of the 

vertical profiling structure and angled downwards to capture images of the top surface of the
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organized storage location and a temporary storage location in the warehouse. The computing 

system can determine the organized store location for the pallet based at least in part on an 

owner, item, and code data associated with the pallet.  In some implementations, the unique 

identifier can include a barcode, label, product identifier, QR code, and SKU. In some 

implementations, the plurality of cameras can include three cameras. In some implementations, 

the plurality of cameras can be instructed to capture image data of the pallet once every time the 

pallet is rotated 30 degrees on the turntable. In some implementations, the plurality of cameras 

can be instructed to capture image data of the pallet once every time the pallet is rotated 90 

degrees on the turntable. In some implementations, the plurality of cameras can be instructed to 

capture image data of the pallet once the pallet is rotated a first time by 30 degrees and then once 

every subsequent time that the pallet is rotated 90 degrees on the turntable. In some 

implementations, the computing system can also identify, based on applying the image-based 

models to the captured image data of the pallet, information about the pallet, access from the data 

store pre-identified information about the pallet, compare the identified information to the pre-

identified information about the pallet, determine a match between the identified information and 

the pre-identified information about the pallet, and update a pallet profile associated with the 

pallet with the identified information based on determining a match between the identified and 

the pre-identified information. 

[0021] Particular embodiments described herein can also include computer-implemented 

methods for profiling a pallet. The method can include instructing, by a computing system, a first 

conveyor belt to automatically route a pallet onto a turntable, and instructing, by the computing 

system, a plurality of cameras to capture image data of the pallet on the turntable as the turntable 

rotates until a rotation cycle is complete. The plurality of cameras can be mounted at a plurality 

of different locations along a vertical profiling structure that is in a stationary position proximate 

to a side of the turntable. The method can also include receiving, by the computing system and 

from the plurality of cameras, the captured image data of the pallet, the image data providing 

multiple different views of the pallet from a plurality of different vantage points provided by the 

camera being mounted to the vertical profiling structure at the plurality of different locations. 

The method can include retrieving, by the computing system and from a data store, image-based 

models of the pallet that can be trained using images of pallets having unique identifiers, 
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determining, by the computing system and based on applying the image-based models of the 

pallet to the captured image data of the pallet, whether a unique identifier on the pallet is 

identifiable, and transmitting, by the computing system and to a warehouse management system, 

a notification indicating whether the unique identifier on the pallet is identifiable or 

unidentifiable. The notification can cause the warehouse management system to route the pallet 

into different storage locations based on identification of the unique identifier. 

[0022] In some implementations, the method can include one or more following features. For 

example, the method can further include stitching together, by the computing system, one or 

more image data of sides, top, and bottom surfaces of the pallet, and determining, by the 

computing system and based on applying the image-based models to the stitched together image 

data, a height of the pallet, damage to the pallet, lean of the pallet, contents of the pallet, number 

of rows on the pallet, and quantity of items on the pallet. The method can also include centering, 

by the computing system, the pallet at a midpoint of the turntable, and instructing, by the 

computing system, the turntable to rotate in a first direction at a constant predetermined speed. 

[0023] In some implementations, the vertical profiling structure can be a pole, the vertical 

profiling structure can be laterally spaced apart from the first conveyor belt and the turntable 

such that the vertical profiling structure does not hang over either the first conveyor belt or the 

turntable, and the vertical profiling structure can be positioned a working distance between 1.7 

meters and 1.9 meters from the turntable. 

[0024] As another example, the method can also include configuring, by the computing 

system, a light source to emit a certain intensity and duration of light that correlates with a 

predetermined shutter speed of the plurality of cameras. The light source can be included in a 

photo booth that can enclose an area that includes the turntable and the vertical profiling 

structure. The photo booth can include (i) sides and a top that prevent ambient light from 

entering the enclosed area and (ii) the light source that casts light on the pallet as the pallet 

rotates on the turntable. 

[0025] In some implementations, the method can also include generating, by the computing 

system and based on determining that the unique identifier on the pallet is not identifiable, a 

placeholder label for the pallet, generating, by the computing system, a pallet profile for the 
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pallet using the placeholder label as an identifier for the pallet, and transmitting, by the 

computing system and to an automated warehouse device, a notification with the placeholder 
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[0073] Once the pallet 120 is identified by the warehouse worker and/or the WMS 154 (step F, 

170), the pallet 120 can be moved to the organized storage location 132 for that pallet 120 (step 

F, 170). The pallet 120 can be automatically moved from temporary storage 130 to the organized 

storage location 132, for example, by automated mechanical conveying system (e.g., conveyor 

belt), cranes, or other autonomous vehicles. The pallet 120 can also be manually moved, for 

example, by a warehouse worker and/or a forklift.  

[0074] FIG. 1B depicts an example pallet 172 of items that can be profiled in the warehouse 

environment. Cases 174A-N can be stacked on the pallet 172. The cases 174A-N can include 

quantities of products (e.g., items). Each of the cases 174A-N can have corresponding labels 

176A-N (e.g., barcodes, SKUs). The labels 176A-N can identify the cases 174A-N and contents 

of the cases 174A-N. Each of the cases 174A-N can also have text identifying contents of the 

cases 174A-N, customers, and other information related to the cases. As shown, the cases 174A-

N can be stacked in multiple layers on the pallet 172. Each layer on the pallet 172 can have a 

different quantity, type, and/or size of the cases 174A-N. Thus, each layer of cases 174A-N can 

be different from each other. For example, a bottom layer can include 4 large cases 174A-N that 

contain Product Y. A top layer can include 6 small cases 174A-N that contain Product X.  

[0075] The cases 174A-N can then be wrapped together with plastic wrap 180 (e.g., 

transparent, semi-transparent) on the pallet 172. The pallet 172 can have its own identifier 178 

(e.g., barcode, label, SKU).  However, as shown in FIG. 1B, when the cases 174A-N are 

wrapped together, the wrap 180 can obscure one or more labels 176A-N and/or marks/text on the 

cases 174A-B. The wrap 180 can also obscure the pallet identifier 178. Environmental 

obstructions 182 (cross-hatching areas), like frost, dust, scuffs, etc., can also occur, further 

obstructing a clear view of the pallet identifier 178 and/or any of the labels 176A-N of the cases 

174A-N. The wrap 180 and/or the environmental obstructions 182 can pose challenges for 

positively identifying the cases 174A-N on the pallet 172, especially when the plastic wrap 180 

can reflect light to obscure the cases 174A-N beneath.  Thus, as described herein, the computing 

system 152 can be adapted to deal with such obstructions when profiling the pallet.  

[0076] Using the techniques described herein, the computing system 152 can determine a 

pallet profile 184 for the illustrative example pallet 172 depicted in FIG. 1C. The pallet profile 

184 can include information that is determined by the computing system 152 while profiling the 

pallet 172. For example, the profile 184 can include information such as a system ID, a name 
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[0080] In some alternative embodiments, a camera lens can be configured with a polarizing 

filter. Moreover, an LED light source can be positioned offset from the camera lens to reduce 

glare in the lens, as described throughout this disclosure. The LED light source can shine a red 

light on a pallet. In some implementations, the LED light source can shine a white light and a 

polarizing film can be applied to the light source to filter out all wavelengths except for those 

that correspond to red light. The polarizing film can therefore be configured to the LED light 

source. By using the polarizing filter on the camera lens, the LED light source, and the polarizing 

film, wavelengths of light other than red light can be filtered out. Under red light settings, the 

camera can generate clearer images of the pallet with reduced or no glare. The images can be 

easier to analyze by the computing system, as described herein.  

[0081] Using the polarizing filter, the LED light source, and the polarizing film can result in 

the camera capturing light having wavelengths between 620-650 nm. These wavelengths can be 

correspond to red light. Thus, the pallet can be imaged under red light settings, which can 

provide for easier and more accurate image analysis as performed by the computing system.  

[0082] FIG. 2 depicts a perspective view of a photo booth 126 of the system 100 for profiling 

items in the warehouse environment 128. The photo booth 126 depicted in FIG. 2 is an example 

configuration. A variety of other configurations can be utilized, as described throughout this 

disclosure. The photo booth 126 can be made from a dark material (e.g., cloth) that may be used 

in other photography settings. The dark material can be advantageous to prevent ambient light 

from entering the enclosed area and/or obstructing the cameras 110A-N from capturing clear, 

uniformly lit images of a pallet.  

[0083] As shown in the example configuration of FIG. 2, the photo booth 126 can enclose an 

area around the turntable 104. The booth 126 can be formed with two walls 126A and 126B. The 

wall 126A can include an opening 127 that a pallet can pass through when moving from the 

conveyor belt 102 onto the turntable 104. The wall 126B can include an opening 129 that the 

pallet passes through when moving from the turntable 104 to the off conveyor belt 106. The 

openings 127 and 129 may not be covered by materials, such as fabrics, plastic, flaps, or doors. 

In fact, the openings 127 and 129 can be sized to match a vertical height and a width of a largest 

pallet that may go through the photo booth 126, in some implementations. The openings 127 and 

129 can otherwise be sized to match sizing of pallets that enter the photo booth 126. Thus, the 

size of the pallet can block out any light that may come through the openings 127 and 129 as the 
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distance D2 being greater than the distance D1. Each of the lighting elements 112A-B can also be 

positioned a distance D4 (348) away and offset from the cameras 110A-N and the plane 350.  

The lights 112A and 112B can be oriented along planes 352A-B that are different from and 

offset from by plane 350 of the cameras 110A-N at angles �b and �c (340A-B), which can be the 

same or different for each of the lighting elements 112A-B.  The angles �b and �c can be selected, 

for example, to provide for ample illumination for the cameras 110A-N to reliably capture clear 

images of the pallet 122 within the photo booth 126 while at the same time minimizing glare.  

The lighting elements 112A-B can have fields of illumination 338A-B that are oriented along the 

planes 352A-B with angles �d and �e across which light is emitted/cast by the lighting elements 

112A-B.  The positioning and angles of orientation for the lighting elements 112A-B can be 

offset from the position and orientation of the cameras 110A-N (e.g., offset distances D3 and D4, 

and offset angles �b and �c), which can assist in improving the quality of images captured by the 

cameras 110A-N (e.g., reducing glare in the images).  The lighting elements 112A-B can be 

positioned to be outside of the FOV 336 for the cameras 110A-N, and to be distanced and 

oriented relative to the pallet 122 so that the fields of illumination 338A-B, either individually or 

collectively, adequately illuminate the entire width of the pallet 122.  For example, each lighting 

element 112A-B can be positioned and oriented so that they each cast light across the entire 

width of the pallet 122 (based on their field of illumination 338A-B).  In another example, each 

lighting element 112A-B can be positioned and oriented to only illuminate a portion of the width 

of the pallet 122 so that, collectively, they provide full illumination of the entire width of the 

pallet 122.  The offset angles �b and �c (340A-B) based on the orientation 352A-B of the lighting 

elements 112A-B can be any of a variety of angles between 0° and 90°, such as 15°, 30°, 45°, 

60°, 75°, less than 45°, greater than 45°, any of a variety of ranges (e.g., 1°-15°, 15°-30°, 30-45°, 

45°-60°, 60°-75°, 75°-89°, or any combinations thereof), and/or other angles or ranges between 

0° and 90°.                  

[0093] The lighting elements 112A-B can have the same field of illumination 338A-B, and 

same positioning and orientation reflected across and on opposing sides of the plane 350.  For 

example, the distance D4 can be equidistant for both the lights 112A and 112B.  In other 

instances, one of the lights 112A can have a different field of illumination 338A, a different 

orientation 352A with a different angle 340A, and/or can have a shorter distance D3 and/or D4 

away and offset from the cameras 110A-N than the other light 112B.  
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0.5m, 0.75m, 1.0m, 1.2m, 1.4m, 1.5m, 1.7m, 1.8m, 2m, and/or other threshold distances away.  

Such greater distances may, for example, permit for the cameras 110A-N to capture images of 

the entire surface of the pallet 122 facing the cameras 110A-N with camera settings (i.e., 

aperture, shutter speed) that provide for greater image reliability and usability across a group of 

pallets that will vary in their size, shape, makeup, condition, materials, and/or other details.  For 

example, a mid-level aperture (e.g., f/6, f/8, f/11) can be used to permit for a faster shutter speed 

(e.g., 50 �s, 100 �s, 200 �s, 250 �s, 500 �s) to be used while also capturing images with a greater 

depth of field (i.e., greater range of depth away from camera is captured in focus). 

[00101] For high contrast imaging, which can provide for better machine vision and automated 

analysis, the lights 112A-B and 372A-B can illuminate the turntable 104 and pallet 122 with a 

single wavelength (e.g., red light instead of white light). For example, red lighting elements 

and/or red light filters can be applied to the lights 112A-B and 372A-B to reject all other 

wavelengths but red, thereby emitting monochromatic light that may bring into focus details of 

interest, such as labels, barcodes, and other product identifiers. Such red lights can, for example, 

be advantageous to avoid glare that might occur from the lighting reflecting on plastic wrap or 

other parts of the pallet and items thereon, and/or to remove ambient lighting that otherwise can 

interfere with details in an image.  In one example, the lights 112A-B and 372A-B can be red 

light-emitting diodes (LEDs) with any of a variety of configurations, such as being 225mm in 

length, positioned approximately 1.7m (e.g., 67in) away from the turntable 104, and having a 45 

degree emission angle with an approximate light coverage of 1.4m (field of illumination). When 

the emission angles are sharp enough with respect to FOVs of the cameras 110A-N and 370, 

glare can be avoided or otherwise mitigates in the lens of the cameras 110A-C. While polarizers 

can be used for the lights 112A-B and 372A-B and/or for the cameras 110A-N and/or 370, they 

may not be needed with the lights 112A-B and 372A-B having greater angles relative to the 

orientation of the cameras 110A-N and/or 370. With the configurations described herein, the 

cameras 110A-C can use any of a variety of lens lengths, such as a 35mm lens length, and/or any 

of a variety of focal lengths, such as f/4. The lights 112A-B and 372A-B can also be flood lights 

that can be, for example, approximately 330mm in length. In some configurations, the lights 

112A-B and 372A-B can be strobe lights that are placed in front of the pallet 120. The cameras 

110A-C can also have polarizers and/or wide angle lens. The lights 112A-B and 372A-B can 
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have a 10 dB gain, and/or other dB of gain. The cameras 110A-N and 370 can be set to any of a 

variety of exposure lengths (e.g., 0.5s – 5.0ms) and/or with a bandpass filter (e.g., 600nm 

bandpass filter, 630nm bandpass filter, 800nm bandpass filter).  

[00102] A bandpass filter can also be applied to the cameras 110A-N and/or 370 to reduce 

different types of wavelengths that are captured by the cameras 110A-N and/or 370. The 

bandpass filter can be advantageous, for example, with high contrast imaging techniques, such as 

black and white imaging techniques. Such filters can provide for illuminating sensors of the 

cameras 110A-N and/or 370 to capture clearer, sharper images of a pallet on the turntable 104. 

Polarizing optics can also be applied to the lights 112A-B and/or 372A-B, and/or the cameras 

110A-N and/or 370. Polarizing optics can help reduce or eliminate glare from the wrappings on 

the pallets. Polarizing optics can also improve contrast of labels, such as barcodes.  

[00103] Any one or more of the systems 300, 310, and 330 in FIGS. 3A-C can be combined to 

perform the techniques described herein. Moreover, FIGS. 3A-C depict example configurations 

of the photo booth 126. The photo booth 126 can include one or more other alternative 

implementations, as described throughout this disclosure.  

[00104] FIG. 4A depicts a camera configuration for profiling items. In this example, a structure 

400 can have the cameras 110A-C aligned on horizontal poles 136A, 136B, and 136C, 

respectively. Two lights can be horizontally positioned below each of the cameras 110A-C. In 

some implementations, one light can be horizontally positioned above a camera and one light can 

be horizontally positioned below the camera. As show, lights 112A-B are horizontally positioned 

below the camera 110A, lights 112C-D are horizontally positioned below the camera 110B, and 

lights 112E-F are horizontally positioned below the camera 110C. In some implementations, the 

lights 112A-F may not be on the structure 400. Instead, as depicted in FIGs. 4C-E, the lights 

112A-F can be positioned on a separate vertical pole structure than the structure 400. Moreover, 

in some implementations, the lights 112A-F can be attached to a frame of a photo booth structure 

that can enclose an area where a pallet is imaged, as described herein.  

[00105] The cameras 110A-C can be set to one or more different configurations. For example, 

65MP cameras can be used. 65MP cameras can have a 65MP sensor with 9344x7000 resolution. 

Using 18mm lens, the cameras can be positioned 1m away from the turntable (e.g., working 

distance). The cameras can have FOVs of 1.661m x 1.244m, thereby capturing 2.81 pixels of a 

pallet label per 0.5mm. If the cameras are positioned 1.5m away, the FOVs can be 2.491m x 
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1.244m. If the cameras are positioned 1.7m away, as described throughout this disclosure, the 

cameras can have FOVs of 2.823m x. 2.115m, thereby capturing 1.65 pixels of the pallet label 

per 0.5mm. Using 21mm lens, the cameras can be positioned 2m away from the turntable. The 

FOVs can be 2.847m x 2.133m, thereby capturing 1.65 pixels of the pallet label per 0.5mm.  

[00106] As another example, 127MP cameras can be used. 127MP cameras can have a 

127.6MP sensor and 13400x9528 resolution. Thus, such cameras can generate high resolution 

images and/or be placed at farther working distances from the turntable than 65MP cameras. 

Using 55mm lens, the cameras can be positioned 3.5m away from the turntable. The cameras can 

have FOVs of 2.941m x 2.091m, thereby capturing 2.28 pixels of the product label per 0.5mm. 

When the cameras are positioned 1.7m away, the FOVs can be 1.47m x 1.05m, thereby capturing 

4.56 pixels of the product label per 0.5mm. Using 21mm lens, the cameras can be positioned 

1.5m away from the turntable. The cameras can therefore have FOVs of 2.135m x 1.6m. When 

the cameras are positioned 2m away, the FOVs can be 2.847m x 2.133m. Thus, the cameras can 

capture 1.65 pixels of the product label per 0.5mm.  

[00107] FIG. 4B depicts a camera configuration for profiling items. In this example 

configuration of the pole 108, three cameras 110A, 110B, and 110C can be positioned vertically 

along the pole 108. As described herein, the cameras 110A-C can be moved up and down and/or 

left and right on the pole 108. Placement of the cameras 110A-C can depend on a working 

distance of the pole 108 from the turntable described herein. Placement of the cameras 110A-C 

can also depend on size of a pallet being imaged and/or placement, positioning, and/or distances 

of one or more separate lighting structures, as described throughout this disclosure. The pole 108 

can also include light bars (e.g., strobe lights) 112A-B that are vertically along the vertical pole 

108. As shown, the light bar 112A can be positioned between the camera 110A and the camera 

110B. The light bar 112B can be positioned between the camera 110B and the camera 110C. One 

or more additional or fewer light bars can be positioned along the vertical pole 108. Moreover, as 

described in reference to FIGS. 4C-E, one or more light bars can be positioned along a separate 

vertical pole that can be offset and positioned a certain distance away from the cameras 110A-C. 

The lights 112A-B can be positioned around the cameras 110A-C as shown in FIG. 4B to 

provide uniform lighting for FOVs of the cameras 110A-C.  
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[00108] As described in reference to FIG. 3C, one or more of the lights 112A-F can be red 

lights. Moreover, red filters or bandpass filters can be applied to the cameras 110A-C as 

described herein.  

[00109] In some implementations, one or more of the cameras 110A-C can be tilted at certain 

angles. For example, one of the cameras 110A-C can be tilted at a 30 degree angle. One or more 

or all of the cameras 110A-C can be tilted at 90 degree angles. In some implementations, the 

cameras 110A-C can also be positioned at varying heights along the vertical pole 108.  

[00110] In some implementations, the pole may have only two cameras, 110A-B. The cameras 

110A-B can have 65MP sensors. The cameras 110A-B can have 1.375m x 1.22m FOVs with 

33mm lens. When the pole 108 is placed a working distance of 1.9m from the turntable, the 

cameras 110A-B can have FOVs of 1.6m x 1.22m. Pallet label dimensions from this working 

distance can be 2.86 pixels per 0.5mm. When the pole 108 is placed a working distance of 1.7m 

from the turntable, the cameras 110A-B can have FOVs of 1.45m x 1.09m 

[00111] FIGS. 4C-E depicts another camera and lighting configuration for profiling items, with 

FIG. 4C showing a perspective view, FIG. 4D showing a front view (from the perspective of the 

turntable and/or pallet being imaged), and FIG. 4E showing a side view. In this example, the 

vertical profiling structure 400 (e.g., the vertical pole 108 described throughout) includes 3 

cameras 110A-C. The cameras 110A-C can be mounted along the horizontal mounting structures 

136A-C, as described in reference to FIG. 4A. In this example, vertical light mounting structures 

410A-B (e.g., the light pole 108 described throughout) can be positioned and offset at distances 

D3 (346) and D4 (348) from the vertical profiling structure 400, as described above with regard to 

FIG. 3C. The vertical structures 410A-B can each include two light bars 112A-112B and 112C-D 

that can be vertically aligned along the vertical structures 410A-B. In some implementations, the 

light bars 112A-D can be affixed at positions along the vertical structures 410A-B so that they 

span the height of the pallet when it is positioned on top of the turntable 104 and/or the 

conveyors 102/106. As a result, the light bars 112A-D can provide light along an entire vertical 

height of a tallest pallet. As an illustrative example, if the biggest pallet is 49 inches tall, then the 

vertical structure can be 48-50 inches tall such that the light bars 112A-D positioned thereon can 

provide uniform lighting from a top to a bottom of the pallet.  

[00112] FIG. 5A is a block diagram of a process 500 for profiling an item using the techniques 

described herein. FIG. 5B is a timeline 501 of the process 500. One or more blocks of the 
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process 500 can be performed by the computing system 152. The process 500 can also be 

performed by one or more other computing systems, computers, servers, remote servers, and/or 

computing devices. For simplicity and illustrative purposes, the process 500 is described from 

the perspective of the computing system 152.  

[00113] Referring to the process 500 in both FIGS. 5A-B, a pallet can be ingested (502) at an 

ingestion position 504. As described throughout this disclosure, the pallet can be put on the on 

conveyor belt 102. As soon as the pallet is ingested (502), the computing system 152 can start a 

clock or timer. The clock or timer can operate in seconds. In some implementations, the clock or 

timer can operate in milliseconds.  

[00114] For a predetermined length of the conveyor belt 102, the pallet can be in a buffer 

position 506. The buffer position 506 can provide a window of time for one or more of the 

components described herein to reset and/or for computational resources to be reallocated such 

that the components can be ready to profile the pallet.  

[00115] At an alignment position 508, the pallet can be aligned or otherwise straightened on the 

conveyor belt 102. As a result, the pallet can enter the turntable 104 at a turntable position 510 

without being angled in a particular direction. Alignment devices (e.g., refer to FIG. 1) can be 

positioned along sides the conveyor belt 102 at the alignment position 508. Such devices can 

align or straighten the pallet on the conveyor belt 102. Alignment can start after the buffer 

position 506, at a time of t = 10 seconds.  

[00116] Once aligned, the pallet can be routed onto the turntable 104. In the turntable position 

510, cameras on the vertical pole 108 can capture images of the pallet as it is rotated. The pallet 

can arrive at the turntable position at t = 12 seconds. At this point, a top picture of the pallet can 

be taken (522). As the pallet is rotated, additional pictures of different sides of the pallet can be 

captured. For example, at time = 14, the pallet can be rotated 30 degrees and a first side picture 

can be taken of the pallet (524). At t = 17.6, the pallet can be rotated 120 degrees and a second 

side picture can be taken (526). At t = 21.2, the pallet can be rotated 210 degrees and a third side 

picture can be taken (528). At t = 24.8, the pallet can be rotated 300 degrees and a fourth side 

picture can be taken (530). By t = 27 seconds, the pallet can be rotated a full 360 degrees (532). 

The captured pictures can be transmitted to the computing system 152 and processed as they are 

received by the computing system 152 (534). In some implementations, the images can be 

processed once all of the images of the pallet are captured (e.g., by t = 27 seconds, once the 
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pallet has been fully rotated and images of every side of the pallet have been captured). The point 

at which a first picture of the pallet is processed can begin a timer indicating a processing time of 

that picture. For example, as depicted in the timeline 501, the first picture can be processed 

beginning at t = 12 seconds and can complete processing by t = 80 seconds. As another example, 

the last picture can be processed beginning at t = 24.8 seconds (e.g., when the picture is 

captured) and can complete processing by t = 90 seconds. Processing of pictures individually 

and/or together can be completed in one or more different timeframes based on computational 

resources that are available and processing power.  

[00117] It should be realized that additional pictures can be taken of the pallet during a full 

rotation. It should also be realized that pictures can be taken at different intervals of degrees. For 

example, a first picture can be taken at a 30 degree interval. Subsequent pictures can then be 

captured at 90 degree offsets until the pallet completes a full rotation. As another example, each 

of the images can be captured at 90 degree offsets until the pallet completes a full rotation.  

[00118] Still referring to the process 500 in FIGS. 5A-B, a physical check and print & apply 

can be performed (512) after the pictures of the pallet are captured and being processed. The 

physical check of the pallet can begin, for example, at t = 32 seconds. The physical check can be 

performed by one or more automated warehouse devices. The devices can be configured to 

review the pallet and ensure that it can be safely put in a location in the warehouse. For example, 

the devices can check whether wooden boards of the pallet are damaged and/or whether the 

pallet has a lean. Damage and/or lean can comprise an ability to safely move the pallet 

throughout the warehouse and also to store the pallet therein.  

[00119] In some implementations, the physical check can be completed by t = 39 seconds. The 

physical check can take longer or less time, depending on a size of the pallet and/or items that 

are being reviewed during the physical check. Moreover, at t = 39 seconds, results for processing 

the first picture can start to be expected (536). The results can also be expected any time before 

or after t = 39 seconds.   

[00120] Another pallet can be ingested at approximately t = 60 seconds (538). On average, a 

new pallet can be ingested (502) every minute. One or more other timeframes can be used for 

ingesting pallets and profiling such pallets in the process 500.  

[00121] The computing system 152 can also perform the print & apply process in 512. This 

process can occur at a later time, such as t = 80 seconds. The print & apply process can, for 



36 

 

example, be performed only upon the computing system 152 determining that a pallet label 

cannot be identified from the pictures that are processed. The computing system 152 can thus 

receive or determine barcode results (540). This can include applying image processing 

techniques to the pictures to determine whether the barcode or other unique identifier, such as the 

label described herein, can be identified from any of the pictures.  

[00122] The print & apply process can include checking whether the label is in an exact 

position on the pallet that is preferred or otherwise required by the warehouse for storage. 

Therefore, even if the computing system 152 can identify the label from the images, the label 

may still be in an undesirable position/location on the pallet. Thus, the computing system can 

print a copy of the identified label and the printed copy can be applied to the pallet in the desired, 

exact position. The label can be required to be in the exact position to facilitate faster and 

accurate scanning of the label to identify the pallet and move the pallet around the warehouse.  

[00123] If the label is identified and it is in the exact, desired position, then the computing 

system 152 may not have to generate, print, and apply a new label. If, on the other hand, the label 

cannot be identified, then the computing system 152 can automatically generate a label as a 

placeholder. The generated label can be assigned to the pallet, printed, and then automatically 

attached to the pallet in the exact, desired position. The label can be attached to the pallet by an 

automated warehouse device.  

[00124] At t = 90 seconds, the pallet can be moved to a decision point 514. At the decision 

point 514, the computing system 152 can determine where the pallet can be routed in the 

warehouse. Thus, the computing system 152 can determine a storage location of the pallet (546). 

The computing system 152 can determine the storage location based on receiving (e.g., from a 

WMS) or retrieving (e.g., from a pallet profiles data store) information associated with the pallet 

(544). The information can include owner information, item information, and a code data.  

[00125] At this point, the computing system 152 can determine whether the label was 

accurately identified in the pictures. If, for example, the label was accurately identified and in the 

exact, desired position or the label was accurately identified but not in the exact desired position, 

then the computing system 152 can still determine that the label was accurately identified. The 

pallet can be routed to continue to storage (516) along the conveyor belt 106A. Thus, the pallet 

can be put away (518) in an organized storage location. At this point, the computing system 152 

may or may not have identified additional information about the pallet from the pictures. The 
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computing system 152 can identify the additional information at any time between receiving the 

pictures of the pallet, routing the pallet to the organized storage location, and/or once the pallet is 

stored at the organized storage location. Thus, the pallet can be routed to the organized storage 

location for put away (516) even if additional characteristics about the pallet have not yet been 

identified. As a result, warehouse efficiency can improve and the computing system 152 can 

continue to identify other pallets as they are ingested (502).  

[00126] The organized storage location can be selected by the computing system 152 and based 

on the pallet information that was received, accessed, or retrieved (544). For example, the pallet 

information can indicate a particular storage location where all pallets of this same owner are to 

be stored. The pallet information can also indicate storage conditions that must be met for the 

pallet (e.g., the pallet must be stored in a cold storage area). The computing system 152 can also 

use the pallet information to automatically determine an optimal storage location for the pallet 

(e.g., height information about the pallet can limit locations where the pallet can be stored while 

optimizing on available space in the warehouse).  

[00127] As another example, if the label was not accurately identified (e.g., the label is on the 

pallet but the label cannot be read from the pictures of the pallet) or a label had been generated 

for the pallet as a placeholder (e.g., none of the pictures indicate that a label is present on the 

pallet), then the computing system 152 can determine at the decision point 514 that the pallet is 

rejected (520). A rejected pallet is one that cannot be routed for put away (516) to an organized 

storage location. After all, it is uncertain where the pallet is supposed to be stored in the 

warehouse. The pallet can be routed down the off conveyor belt 106B to a temporary storage 

location. As described further below, once in temporary storage, the pallet can be manually 

inspected by a warehouse worker to identify the label or other characteristics about the pallet that 

can then be used to determine an organized storage location for the pallet. Once in temporary 

storage, the warehouse worker can also determine the organized storage location for the pallet 

based on analyzing the pictures that were captured and previously processed by the computing 

system 152. In some implementations, the pallet can be automatically inspected by one or more 

warehouse devices once in temporary storage.  

[00128] At time = 90 seconds, the second pallet that was ingested at t = 60 seconds, can be 

completed a full rotation on the turntable 104 (542). At some later time in the timeline 501, the 

computing system 152 can determine when images are no longer being captured of a pallet 
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and/or no more pallets are being ingested (548). The computing system 152 can also stop the 

clock or timer at this point. As described throughout this disclosure, the process 500 can be 

performed for each pallet that is entering the warehouse.  

[00129] FIG. 6 is a flowchart of a process 600 for profiling a pallet that enters the warehouse 

environment. One or more blocks in the process 600 can be performed by the computing system 

152. The process 600 can also be performed by one or more other computing systems, 

computers, servers, remote servers, and/or computing devices. For simplicity and illustrative 

purposes, the process 600 is described from the perspective of the computing system 152.  

[00130] Referring to the process 600, a pallet can be loaded onto an on conveyor belt in 602. As 

described herein, the pallet can be automatically or manually moved onto the conveyor belt. The 

pallet can be placed on the conveyor belt by a human worker, a forklift, or an automated device 

in the warehouse that is configured to automatically move pallets around the warehouse. The 

pallet can then be automatically moved to a turntable in 604. Automatically moving the pallet to 

the turntable can include readjusting or straightening the pallet on the conveyor belt.  

[00131] Once the pallet is on the turntable, the pallet can be centered (606). To center the pallet, 

the computing system 152 can receive image data of the pallet at a time when the pallet is 

injected onto the turntable. Using image analysis and processing techniques, the computing 

system 152 can identify a midpoint of the turntable and determine whether the pallet is 

positioned at the midpoint or off from the midpoint. Using machine learning and/or trained 

models, the computing system 152 can identify how far away the pallet is from the midpoint of 

the turntable and how much the pallet needs to be moved to be centered at the midpoint. The 

computing system 152 can then instruct components of the turntable (e.g., rollers) to 

automatically readjust the position of the pallet on the turntable.   

[00132] Centering the pallet 120 in 606 is advantageous to ensure that the cameras described 

herein capture images of the pallet from uniform distances, angles, and FOVs. As a result, the 

images can be more easily and accurately stitched together for use in identifying a label of the 

pallet and profiling the pallet (e.g., identifying characteristics about the pallet, such as damage, 

lean, and dimensions).  

[00133] After centering the pallet, the turntable can rotate (608). For example, the computing 

system 152 can instruct the turntable to rotate at a desired speed and/or direction. The speed 

and/or direction of rotation can be predetermined and applied for every pallet that is ingested. In 
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some implementations, the speed and/or direction can be adjusted and based at least in part on a 

configuration of the pallet or other pallet-identifying information (e.g., size, weight, etc.).  

[00134] As the turntable rotates, image data of the pallet can be captured (610). In some 

implementations, the turntable can continuously rotate without stopping such that images can be 

captured at various predetermined points along the continuous rotation. In some 

implementations, the turntable can rotate the pallet in increments (608) and stop such that the 

image data can be captured (610), then rotate the pallet again (608). 608-610 can loop until all 

sides of the pallet are captured by the cameras. The turntable can rotate in a variety of 

increments, such as every 15 degrees, 45 degrees, or 90 degrees. In some implementations, the 

increments of rotation can be consistent or they can be varied. Thus, as described herein, images 

can be captured at predetermined intervals of rotations (e.g., every 30 degrees, every 90 degrees, 

first at 30 degrees then every 90 degrees) until a full rotation of the pallet is completed. The 

images can also be captured at predetermined time intervals (e.g., every 2 seconds, every 5 

seconds, etc.). Times at which images are captured can also be determined based on a speed at 

which the pallet is being rotated on the turntable. The images can also be captured at consistent 

or varied increments of rotation. For example, the turntable can initially rotate 45 degrees, the 

images can be captured, and then the turntable can rotate 90 degrees. Sometimes, the rotations 

can be dynamically determined. For example, the increments of rotation can be determined based 

on analysis of each captured image (e.g., refer to 612). As an illustrative example, if a certain 

increment of rotation caused glare to appear in the image data, then the computing system 152 

can determine that the pallet should be rotated in increments of 5 degrees, or some other nominal 

amount, in either direction (e.g., clockwise or counterclockwise). Additional images can then be 

captured at the 5 degree increments of rotation and/or until a sufficiently good image of a 

particular side or portion of the pallet is captured in the image data.  

[00135] In some implementations, some cameras can be configured to capture images of the 

pallet at a first time and other cameras can be configured to capture image data of the pallet at a 

second time, wherein the first and second times are different. Images can be captured of every 

side of the pallet as well as a top and a bottom of the pallet. Multiple images of each side of the 

pallet can also be captured. In some implementations, only one image of each side of the pallet 

can be captured.  
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[00136] As the images are captured, they can be transmitted to the computing system 152 for 

processing. The images can also be transmitted together to the computing system 152 once the 

pallet is rotated a full 360 degrees and/or all the images of the pallet are captured.  

[00137] The computing system 152 can identify pallet information from the images in 612. 

Image processing techniques can be used to identify or otherwise detect information about the 

pallet. For example, a label or other unique identifier of the pallet can be identified using optical 

character recognition (OCR) techniques. Once the label is identified, the computing system 152 

can determine other information about the pallet, such as owner information, contents of the 

pallet, storage location of the pallet, storage requirements, etc. Barcode detection techniques can 

also be used to identify the pallet. Machine learning algorithms, methods, and trained models can 

also be used to identify information about the pallet. As described throughout this disclosure, the 

computing system 152 can at least identify the label of the pallet in 612. Once identified, the 

label can be used to determine a storage location of the pallet. The computing system 152 can 

identify additional information about the pallet at a same time and/or a later time.  

[00138] The computing system 152 can access pre-identified information about the pallet in 

614. This information can be retrieved from a manifest that is completed by a shipper or other 

relevant stakeholder. For example, this information can be included in the manifest of a truck 

that has recently arrived to the warehouse. In some implementations, this information can be 

received from a WMS and/or a data store, as described throughout this disclosure. The pre-

identified pallet information can include information provided to the warehouse before the pallet 

arrived/was delivered to the warehouse. For example, the information can be received from a 

vendor, customer, shipper, or other relevant stakeholder in the supply chain. In some 

implementations, the pre-identified pallet information can be specific to the particular pallet that 

is being identified. In some implementations, the pre-identified pallet information can be generic 

and applicable to a variety of different pallets. The variety of different pallets can include some 

same features. For example, the pallets can contain different types of products but they can be 

associated with a same customer code. The pre-identified pallet information can therefore 

include the customer code.  

[00139] The computing system 152 can then compare the identified pallet information to the 

pre-identified pallet information (616). Thus, the computing system 152 can use the pre-

identified information to filter down possible identifications or other information about the 
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pallet. The computing system 152 can match the label that was identified for the pallet in 612 

with the pre-identified pallet information (which can include metadata). By matching the 

information, the computing system 152 can link or otherwise associate the pallet with a pallet 

profile that is stored and used for identifying and moving the pallet in the warehouse. The 

computing system 152 can optionally determine whether the pre-identified pallet information is 

missing any of the information that was identified in 612. If so, then the computing system 152 

can update the pre-identified pallet information accordingly. Comparing the information can be 

beneficial to efficiently generate a more accurate, up-to-date profile for the pallet without 

requiring human intervention or manual inspection. 

[00140] The computing system 152 can determine a match between the pallet information and 

the pre-identified information in 618. This can include verifying one or more pieces of 

information about the pallet. For example, using machine learning trained models, the computing 

system 152 can verify that the contents of the pallet are what the pre-identified pallet information 

says the contents will be. The computing system 152 can also verify information such as an 

owner that is associated with the pallet, storage conditions, and/or a storage location. 

[00141] In some implementations, the computing system 152 can also determine an accuracy of 

the information that was identified in 612. In matching the information, the computing system 

152 can determine whether a level of accuracy in identifying the pallet information exceeds a 

threshold value (e.g., 90% accuracy). Where, for example, the computing system 152 is unable to 

identify the label of the pallet from the images, the accuracy level can be 0% or a value that is 

less than the predetermined threshold value. The accuracy level can also be used by the 

computing system 152 to determine whether the pallet can be routed to an organized storage 

location or a temporary storage location. If the pallet information is accurate above the 

predetermined threshold value, then the pallet can be automatically moved to the organized 

storage location. If, on the other hand, the pallet information accuracy does not exceed the 

predetermined threshold value (e.g., the label cannot be identified from the image data), then the 

pallet can be routed to the temporary storage location for further inspection and review. 

[00142] Moreover, in some implementations, if accuracy is low or the pallet cannot be matched 

with pre-identified pallet information, the computing system 152 can optionally instruct the 

turntable to rotate the pallet a second time. The turntable can be rotated in an opposite direction 

and/or at a different speed. The turntable can also be rotated in the same direction and/or at the 
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same speed. One or more different images can be captured of the pallet. Blocks 612-618 can be 

repeated based on the newly captured image data. In some implementations, pallet information 

can be identified in 612 by combining and/or comparing the image data received from the first 

profiling process and the image data received from the second profiling process. If the pallet 

information accuracy exceeds the threshold value after the second profiling process, then the 

pallet can be moved onto the off conveyor belt to the organized storage location identified by the 

pallet information. If the pallet information accuracy does not exceed the threshold value after 

the second profiling process, then the pallet can be routed onto the off conveyor belt to the 

temporary storage location. 

[00143] FIG. 7 is a flowchart of a process 700 for identifying pallet information from image 

data of the pallet. One or more blocks in the process 700 can be performed by the computing 

system 152. The process 700 can also be performed by one or more other computing systems, 

computers, servers, remote servers, and/or computing devices. For simplicity and illustrative 

purposes, the process 700 is described from the perspective of the computing system 152. 

[00144] Referring to the process 700, the computing system 152 can receive image data of a 

pallet in 702. In some implementations, the process 700 can be performed during the process 

600, when images are being captured of the pallet and transmitted to the computing system 152 

as they are captured. In some implementations, the process 700 can be performed during 

different stages of profiling the pallet, as described in reference to FIGS. 5A-B (e.g., once all the 

images are captured and transmitted to the computing system 152, during physical check and 

print & apply 512, the decision point 514, between times t = 12 seconds and t = 90 seconds, etc.).  

[00145] The computing system 152 can retrieve image-based models of the pallet (704). The 

image-based models can be stored in a pallet profile data store as described herein. The models 

can also be stored in one or more other data stores, databases, cloud servers, or other remote data 

stores and/or servers. The models can be trained using machine learning techniques. The models 

can be trained to identify different characteristics of the pallet from the image data. The models 

can be generated using different training sets of data. The models can also be trained and/or 

refined using image data and analysis that was performed in real-time to profile different pallets. 

[00146] The computing system 152 can apply one or more of the models to the image data of 

the pallet in 706. By applying the models to the image data of the pallet, the computing system 

152 can determine information about the pallet in 708. For example, a label of the pallet can be 
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identified (710). The label can be identified using machine learning trained models and/or optical 

character recognition (OCR) techniques. OCR techniques can also be used to detect any text that 

may appear on the pallet. The text and/or label can be further processed (e.g., using machine 

learning trained models) to identify additional information about the pallet, such as a pallet 

name, owner information, and an organized storage location for the pallet. 

[00147] A size of the pallet can also be determined in 712. Since the image data is captured 

from a uniform offset degree (e.g., 90 degrees), height, and working distance, the computing 

system 152 can more efficiently and accurately identify information such as pallet height, width, 

length, and/or depth. For example, a machine learning model can be trained to differentiate and 

identify pixels indicative of a background from pixels indicative of the pallet. The computing 

system 152 can use known distance information, such as the working distance, and the pixels 

indicative of the pallet to infer dimensions of the pallet. Height, for example, can be inferred by 

triangulating pixels from multiple images, wherein those pixels represent a side and a top of the 

pallet.  

[00148] The computing system 152 can also identify damage to the pallet in 714. A model can 

be trained using machine learning to identify the damage. For example, the model can receive 

images of pallets with damage and images of pallets without damage. Machine learning 

techniques and algorithms can be used on the images to determine probabilities that certain 

features in the test image datasets are indicative of damage. This trained model can then be 

applied to the image data received in 702 to identify whether damage appears in any of the image 

data of the pallet.  

[00149] Similarly, a lean of the pallet can be identified in 716. The lean of the pallet can be 

identified with models that are trained using machine learning techniques as described in 

reference to the models that are used for detecting damage.  

[00150] Contents of the pallet can be identified 718. This can include retrieving or otherwise 

accessing pre-identified information about the pallet, which can indicate what the contents 

should be for the particular pallet. Machine learning techniques can also be used to determine the 

contents of the pallet.  

[00151] Moreover, the computing system 152 can determine a number of rows on the pallet in 

720 and a number of boxes (e.g., cases) on the pallet in 722. As described herein, machine 
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learning trained models can be used. The models can be used, for example, to count a number of 

rows on the pallet as well as a total quantity of boxes on the pallet.  

[00152] Any of 712-722 can be performed in combination. In some examples, only one or 

fewer than all 712-722 can be performed. Moreover, 712-722 can be performed in any order.  

[00153] Still referring to the process 700, the computing system 152 can store the determined 

information about the pallet (724). The information can be stored in a profile associated with the 

pallet. The association can be made based on the identified label or other unique identifier of the 

pallet. As mentioned in reference to FIGS. 5A-B, if the label cannot be identified for the pallet, 

then a placeholder label can be generated for the pallet. The placeholder label can then be linked 

or associated with a new profile for the pallet, which can be populated with pallet information 

that is determined automatically by the computing system and/or manually by a warehouse 

worker. 

[00154] The determined pallet information can also be sent to the WMS described herein (726). 

The WMS can accordingly update the pallet profile with information that is determined by the 

computing system 152 in 708-722. The WMS can also use the determined pallet information to 

move the pallet in the warehouse or make other modifications to movement, storage, or other 

aspects of the supply chain that are associated with this pallet. In some implementations, the 

computing system 152 can update the pallet profile information and then transmit the updated 

pallet profile to the WMS.  

[00155] FIG. 8 is a swimlane diagram of a process 800 for profiling and storing a pallet in the 

warehouse environment. The process 800 is described in reference to the system 100 in FIG. 1. 

One or more blocks of the process 800 can be performed by the computing system 152. One or 

more blocks of the process 800 can also be performed by other computing systems, servers, 

and/or computing devices, such as the WMS 154.  

[00156] Referring to the process 800, the computing system 152 can receive image data of a 

pallet in 802, as described throughout this disclosure. The computing system 152 can then profile 

the pallet in 804 (e.g., refer to FIGS. 6-7). Based on the pallet profiling, the computing system 

152 can determine whether a pallet label is identifiable (806). For example, the computing 

system 152 can determine that the label cannot be clearly identified from the image data. As 

another example, the computing system 152 can determine that the label can be clearly 

identified.  
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[00157] If the label is identifiable in 806, then the computing system 152 can transmit a 

notification to the WMS 154 to determine a storage location for the pallet in 808. The WMS 154 

can determine the storage location using the techniques described herein. For example,  the 

WMS 154 can access a data store to determine where the identified pallet (e.g., based on a 

customer code, identified owner, etc.) can be stored. The WMS 154 can generate control 

instructions to automatically move the pallet to the identified storage location. In some 

implementations, the computing system 152 can determine the storage location for the pallet. 

Moreover, the computing system 152 and/or the WMS 154 can determine control instructions 

that can be used to automatically route the pallet to the determined storage location along one or 

more conveyor belts in the warehouse. 

[00158] If the label is not identifiable in 806, then the computing system 152 can transmit a 

notification to the WMS 154 that further identification is needed (810). As described herein, 

because the pallet’s label is not identifiable via image analysis and processing in 804, additional 

identification may be needed. For example, the WMS 154 can use stored information, pre-

identified pallet information, manifests, and/or information from relevant stakeholders in the 

supply chain to identify the pallet.  

[00159] Based on the notification in 810, the WMS 154 can also generate control instructions 

that can be used to automatically route the pallet to a temporary storage location along one or 

more conveyor belts in the warehouse. The pallet can be kept in temporary storage until it can be 

identified by the WMS 154 and/or by a warehouse worker. For example, as described herein, the 

computing system 152 and/or the WMS 154 can provide the image data of the pallet to a user 

device (e.g., the user device 156) of the warehouse worker. The user device can output the image 

data at a graphical user interface (GUI) display. The warehouse worker can then review the 

image data and/or manually inspect the pallet in the temporary storage location in order to 

identify one or more features or information about the pallet.  

[00160] In some implementations, and as described in reference to FIGS. 5A-B, the computing 

system 152 and/or the WMS 154 can generate a placeholder label for the pallet when the pallet 

cannot be identified in 806. In 810, the placeholder label can be transmitted to the WMS 154 

and/or the warehouse worker’s device. The warehouse worker can use the placeholder label to 

locate the pallet in the temporary storage location. The warehouse worker can then review the 

pallet, identify information about the pallet from manual inspection, and provide the identified 
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information as input to the user device. The identified information can then be stored, by the 

computing system 152 and/or the WMS 154 in association with the placeholder label. The 

placeholder label, therefore, can become the unique identifier of the pallet in the warehouse. 

Information collected or determined about the pallet can be linked or otherwise associated to the 

placeholder label.  

[00161] The process 800 can be repeated for each pallet that enters the warehouse and/or each 

pallet that is ingested and profiled, as described throughout this disclosure. Moreover, in some 

implementations, the process 800 for a first pallet may not finish before the process 800 of a 

second pallet begins (e.g., refer to FIG. 5B). Starting the process 800 for the second pallet while 

the process 800 of the first pallet is still being executed can be advantageous to maximize 

throughput and maintain warehouse efficiency. As an example, the warehouse worker at the user 

device 156 can be identifying the first pallet during the process 800 while at the same time, the 

computing system 152 can be profiling the second pallet in 804. As mentioned, performing the 

process 800 at a same time for multiple pallets can be advantageous to improve warehouse 

efficiency and to move the pallets to their designated organized storage locations to avoid 

bottlenecks or other holdups in the warehouse.  

[00162] FIG. 9 is a swimlane diagram of a process 900 for determining a storage location for a 

profiled pallet. The process 900 is described in reference to the system 100 in FIG. 1. One or 

more blocks of the process 900 can be performed by the computing system 152, the WMS 154, 

and the user device 156. One or more blocks of the process 900 can be performed by other 

computing systems, servers, and/or computing devices. 

[00163] Referring to the process 900, the computing system 152 can receive image data of the 

pallet in 902 as described throughout this disclosure. The computing system 152 can then profile 

the pallet using the image data (904) (e.g., refer to FIGS. 6-8). Once profiled, the computing 

system 152 can determine whether the pallet can be accurately identified (906). As described 

herein, at a minimum, the computing system 152 can determine whether a label on the pallet was 

identified. The computing system 152 can also determine whether any identifying information 

about the pallet that can be used for storing the pallet can be identified.  

[00164] If the pallet can be accurately identified, then information about the pallet that was 

identified during profiling can be transmitted to the WMS 154 (908). For example, the 

computing system 152 can determine that the image data includes a clear capture of the label. 
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Using image processing techniques and analysis, the computing system 152 can therefore detect 

the label and determine information about the pallet from the label, such as the owner and 

storage requirements/information. The information transmitted to the WMS 154 can include the 

image data, the clear capture of the label, and information that is identified from the computing 

system 152 analyzing the label in the image data. In some implementations, the computing 

system 152 can merely determine that the image data includes a clear capture of the label but the 

computing system 152 may not perform image analysis techniques on the clear capture of the 

label. Instead, the computing system 152 can transmit the clear capture of the label to the WMS 

154 and the WMS 154 can perform image analysis techniques on the clear capture to identify 

information about the pallet.  

[00165] The WMS 154 can receive the pallet information in 910. The WMS 154 can determine 

an optimal storage location for the pallet based on the pallet information (912). The pallet 

information can include owner, item type/name, and the label. The WMS 154 can also determine 

the optimal organized storage location based on other information. As an example, the 

computing system 152 can identify the pallet by its owner by analyzing the clear capture of the 

label. The owner name/identifier can be communicated to the WMS 154. The WMS 154 can 

look up the owner in a data store that can store information about warehouse customers. The 

stored information about the owner can indicate where pallets for that owner are stored and/or 

what storage conditions must be satisfied. Using such information, the WMS 154 can determine 

what organized storage location the pallet should be routed to.   

[00166] Referring back to 906, if the pallet cannot be accurately identified, then the computing 

system 152 can identify the pallet as unidentifiable (914). The computing system 152 can flag 

the image data associated with the pallet. As described herein, the computing system 152 can 

flag the pallet as unidentifiable when the computing system 152 cannot identify any label on the 

pallet and/or the pallet has a label, but the image data does not include a clear capture of the label 

that can be used for accurate image analysis. When the pallet is flagged, the computing system 

152 can also indicate whether the pallet has a label or not. This indication can make it easier and 

quicker for a warehouse worker to determine what they need to be looking for during their 

manual inspection of the pallet. 

[00167] When the pallet cannot be identified by the computing system 152, the computing 

system 152 can transmit the pallet image data to the WMS 154 in 916. The WMS 154 can 
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receive the pallet image data in 918. The WMS 154 can route the pallet to a temporary storage 

location in 920. For example, the WMS 154 can be instructed by the computing system 152 to 

route the pallet to temporary storage. In some implementations, the WMS 154 can determine that 

since the pallet was flagged as unidentified, the pallet can be automatically routed to the 

temporary storage location. In some implementations, the computing system 152 can instruct the 

pallet to be routed to the temporary storage location. Once in temporary storage, the pallet can be 

put into a queue for review by a warehouse worker.  

[00168] The WMS 154 can then transmit the pallet image data to the user device 156 (922).  

The user device 156 can receive the pallet image data in 924. The user device 156 can then 

output the image data in 926. In 926, the user device 156 can also receive user input identifying 

the pallet. In some implementations, as described throughout, the warehouse worker can 

manually inspect and analyze the image data at the user device 156 (e.g., refer to FIG. 8). 

Furthermore, the warehouse worker can manually inspect the pallet and provide input to the user 

device 156 about one or more features that the warehouse worker identified on the pallet. If, for 

example, the label is blurry in the images, the warehouse worker can look at the actual pallet and 

identify the barcode (e.g., by scanning the label, taking another picture of the label, and/or 

inputting the label information into the user device 156).  

[00169] The user device 156 can then transmit user identification of the pallet to the WMS 154 

in 928. Using the user identification of the pallet, the WMS 154 can determine  a storage location 

(e.g., organized storage location) for the pallet (928), as described throughout this disclosure. 

Furthermore, as described throughout, the WMS 154 and/or the computing system 152 can then 

execute instructions that cause the pallet to be moved to the determined, organized storage 

location.  

[00170] FIG. 10 is a system diagram depicting system components that can be configured to 

perform any of the techniques described herein. The system can include the computing system 

152, the WMS 154, the user device 156, and the pallet profiles data store 158 in data 

communication via the network(s) 150. In some implementations, one or more of such system 

components can be one computer, computing system, server, remote server, node of servers, 

and/or device. For example, the computing system 152 and the WMS 154 can be part of a same 

computing system.  



49 

 

[00171] The computing system 152 can be configured to profile pallets as they enter the 

warehouse, as described throughout this disclosure. The computing system 152 can include a 

pallet profiling controller 1002, image analysis module 1004, pallet routing determiner 1006, 

pallet matching determiner 1008, pallet profile verification module 1010, communication 

interface 1012, a pallet profiler 1014, and a storage location determination engine 1074. In some 

implementations, the computing system 152 can be a combination of one or more other 

components and/or systems, such as the WMS 154, a warehouse control system (WCS) 1080, 

and/or a cloud computing system 1082. In some implementations, one or more of the 

components of the computing system 152 can be part of other systems, such as the WMS 154, 

the WCS 1080, and/or the cloud computing system 1082. For example, the pallet profiling 

controller 1002 can be part of the WCS 1080. The WCS 1080 can be configured to control 

physical components in the warehouse, such as conveyor belts, cameras, and turntable, and to 

determine what components in the warehouse perform certain functions. As another example, the 

pallet profiler 1014 can be part of the cloud computing system 1082. The cloud computing 

system 1082 can be configured to perform processing of image data to determine information 

about a scanned pallet.  

[00172] Referring to the computing system 152, the pallet profiling controller 1002 can be 

configured to control operation of components that are used for routing the pallet and capturing 

images of the pallet. The controller 1002 can include one or more cameras 1016 (e.g., the 

cameras 110A-N depicted throughout), a controller 1018, a turntable 1020, one or more 

conveyor belts 1024 (e.g., the on conveyor belt 102 and the off conveyor belt 106 depicted 

throughout), one or more lights 1026 (e.g., the lights 112A-N depicted throughout), a 

communication interface 1028, a pallet centering module 1030, and a turntable rotator module 

1032. The communication interface 1028 can provide for the controller 1002 to communicate 

with one or more of the systems, devices, and components described herein. The pallet profiling 

controller 1002 can be used to control the camera(s) 1016, turntable 1020, conveyor belts 1024, 

and lights 1026.  

[00173] Instructions for controlling these components can be executed by the controller 1018 of 

the pallet profiling controller1002. For example, instructions executed by the controller 1018 can 

cause automatic rotation of the turntable 1020, turning on/off the light(s) 1026, slowing 

down/speeding up the conveyor belt(s) 1024, and prompting the camera(s) 1016 to capture 
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images of the pallet as it is rotated on the turntable 1020. As an illustrative example, the 

controller 1002 can selectively turn on or off one or more of the camera(s) 1016. This 

determination can be based on whether features of the pallet can be clearly identified from one or 

more images of the pallet. As another illustrative example, the controller 1002 can turn off an 

overhead light 1026 and/or increase brightness of lights 1026 that illuminate sides of the pallet 

instead of the top of the pallet. The controller 1002 can also turn on and off red lights, which 

may or may not be used for every pallet that is profiled (e.g., the red lights can be used for pallets 

that are wrapped in cellophane or another material that can cause a glare in the camera 1016 

lens). As yet another illustrative example, the controller 1002 can control the conveyor belts 

1024 to route the pallet to an organized storage location or a temporary storage location.  

[00174] Still referring to the controller 1002, the pallet centering module 1030 can be 

configured to center the pallet at a midpoint of the turntable 1020, as described throughout this 

disclosure. The pallet centering module 1030 can also be configured to instruct alignment 

device(s) of the on conveyor belt 1024 to align and adjust the pallet while the pallet is on the belt 

1024 being automatically moved to the turntable 1020.   

[00175] The turntable rotator module 1032 can be configured to determine a degree of rotation, 

a speed of rotation, and/or a direction of rotation of the turntable 1020, as described herein. The 

module 1032 can determine when to begin rotation of the turntable 1020. For example, the 

module 1032 can determine that the turntable 1020 can remain stationary until the pallet is 

detected to be centered and/or otherwise on the turntable 1020. One or more sensors positioned 

on a surface of the turntable 1020 can sense weight of the pallet to identify when the pallet is on 

the turntable 1020. In some implementations, the module 1032 can determine that the turntable 

1020 can be continuously rotating, regardless of whether the pallet is on the turntable 1020. The 

module 1032 can send instructions to the controller 1018 to adjust movement/rotation of the 

turntable 1020.  

[00176] The module 1032 can also determine a degree of rotation based at least in part on a size 

of the pallet and any pre-identified information about the pallet. For example, the module 1032 

can determine that the turntable 1020 should rotate at a smaller degree of rotation (e.g., slower 

rotation) such that the cameras 1016 can more accurately capture images of an entire surface area 

of a large pallet. A larger degree of rotation (e.g., faster rotation) can be used, for example, for a 

pallet having less surface area.   
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[00177] The module 1032 can modulate the speed of rotation of the turntable 1020 based at 

least in part on receiving indications from one or more sensors of a weight of the pallet, the size 

of the pallet, and pre-identified information. For example, a large pallet may require the turntable 

1020 to move at a slower speed than a pallet that is half the size of the large pallet because there 

is more surface area to be captured by the cameras 1016. In some implementations, rotating the 

pallet at a slower speed can be advantageous to capture more images of the pallet that can be 

stitched together. When the cameras 1016 are low resolution cameras, the slower speed can be 

advantageous to ensure that the images are not blurry. When the cameras 1016 are high 

resolution cameras, the module 1032 can determine a faster speed at which to rotate the turntable 

1020. After all, the higher resolution cameras 1016 can capture sharper images despite the speed. 

The faster speed of rotation can also be advantageous to increase efficiency and reduce time 

needed in profiling pallets that enter the warehouse.   

[00178] The image analysis module 1004 can be configured to receive image data that is 

captured by the cameras 1016. The module 1004 can perform image analysis techniques on such 

image data to identify information about the pallet. As described herein, during a profiling 

process, the module 1004 can at least detect a product label or other unique identifier from the 

image data. The module 1004 can be trained using one or more machine learning models to 

identify different types of labels from the image data. The module 1004 can also be configured to 

perform object detection techniques and optical character recognition (OCR) to not only detect 

the label but also to determine information associated with the label. Using similar techniques, 

the module 1004 can determine text on the pallet and any other identifying characteristics about 

the pallet. For example, as described herein, the module 1004 can use machine learning trained 

models to detect different features of the pallet from the image data. One or more of such models 

can be used for detecting damage to contents, lean, height, weight, dimensions, contents, damage 

to the pallet, temperature of contents, text, etc. Information identified by the image analysis 

module 1004 can be transmitted to the pallet profiles data store 158 and stored in a profile 

associated with the pallet, as described further below.  

[00179] The pallet routing determiner 1006 can determine where the pallet can be moved after 

images are captured. The determiner 1006 can receive identified information from the image 

analysis module 1004. Using that information, the determiner 1006 can determine whether the 

pallet should be moved to an organized storage location or temporary storage. If the pallet should 
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be moved to organized storage, the determiner 1006 can determine a particular location in 

organized storage based on the information from the image analysis module 1004. The 

determiner 1006 can also access pre-identified information about the pallet from the pallet 

profiles data store 158 to determine where to store the pallet in organized storage. Once the 

determiner 1006 identifies where to store the pallet, the determiner 1006 can generate 

instructions for routing the pallet. The instructions can then be transmitted to the pallet profiling 

controller 1002 and executed by the controller 1018.  

[00180] The pallet matching determiner 1008 can be configured to match information identified 

by the image analysis module 1004 with pre-identified information associated with the pallet. 

For example, the determiner 1008 can receive information from a vendor indicating 

characteristics about the pallet before the pallet arrived at the warehouse. The determiner 1008 

can associate this information with the pallet’s profile in the pallet profiles data store 158. The 

determiner 1008 can also associate this information with the information determined by the 

image analysis module 1004.  

[00181] In some implementations, the determiner 1008 can use information identified by the 

module 1004 to identify a profile for the pallet that is already stored in the pallet profiles data 

store 158. Once the profile is identified, the determiner 1008 can update any of the information 

in the profile with the information identified by the image analysis module 1004.  

[00182] In some implementations, the determiner 1008 can identify that no profile currently 

exists for the pallet or that a profile cannot be matched to the pallet. In such situations, the 

determiner 1008 can generate a profile for the pallet and store the identified information therein 

(e.g., refer to the placeholder label described throughout this disclosure, FIGS. 5-8).  

[00183] The pallet profile verification module 1010 can be configured to determine an accuracy 

of the information identified by the image analysis module 1004. The pallet profile verification 

module 1010 can receive pre-identified pallet information (e.g., received from an owner, vendor, 

or other relevant stakeholder in the supply chain), information identified by warehouse workers 

during manual inspection of the pallet, and the information identified by the image analysis 

module 1004. Using such information, the module 1010 can determine whether accurate/up-to-

date information is stored in the profile associated with the pallet. The module 1010 can compare 

the information and determine and assign accuracy confidence values to the information. If the 

pallet profile contains information whose accuracy confidence value is below a predetermined 
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threshold value (e.g., vendor information indicated no damage but the image analysis module 

1004 identified damage), the module 1010 can flag the pallet to be reviewed by a warehouse 

worker.  

[00184] The communication interface 1012 can be configured to provide for communication of 

the computing system 152 with other systems, devices, and components via the network(s) 150.  

[00185] Still referring to the computing system 152, the pallet profiler 1014 can be configured 

to determine one or more characteristics about the pallet that can impact storage of the pallet. 

The pallet profiler 1014 can make such determinations using the image data that is captured by 

the cameras 1016. Moreover, the pallet profiler 1014 can make such determinations using 

machine learning trained models as described throughout this disclosure. The profiler 1014 can 

include a damage detector 1034, a configuration detector 1036, and a content detector 1038.  

[00186] The damage detector 1034 can be configured to identify any indications of damage 

from the image data using the techniques, methods, and processes described throughout this 

disclosure. The detector 1034 can also be configured to identify any gaps and/or voids where 

boxes, containers, or other items are expected to be on the pallet. Such gaps/voids can indicate 

missing and/or damaged items. Damage can occur to the pallet or its contents while in transit to 

the warehouse. Damage can occur to the pallet itself (e.g., a broken deck board, warped wooden 

frame, etc.). Damage can also occur to one or more items stacked on the pallet. The detector 

1034 can be trained to identify features in the image data indicative of different types of damage. 

Such detection techniques can be advantageous to reduce human error since it can be challenging 

and/or time consuming for a human to accurately identify all types of damage that can occur to 

the pallet and/or its contents.   

[00187] The configuration detector 1036 can be configured to determine configuration 

information about the pallet from the image data and/or the information determined by the image 

analysis module 1004. The detector 1036 can determine a size of the pallet (e.g., length, height, 

and width) using the techniques described herein. The detector 1036 can also be trained to 

determine a lean of the pallet, a number of layers or rows of items on the pallet, and a quantity of 

items on the pallet. The detector 1036 can apply machine learning trained models to make each 

of these determinations.  

[00188] The content detector 1038 can be configured to determine content information about 

the pallet from the image data and/or the information determined by the image analysis module 
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1004. In some implementations, the detector 1038 can determine how many boxes or items are 

on the pallet (e.g., box count). The detector 1038 can make such a determination based at least in 

part on information identified by the damage detector 1034 and/or the configuration detector 

1036. In some implementations, the content generator 1038 can determine what items/objects are 

stored on the pallet. The generator 1038 can also use the identified information from the module 

1004 and pre-identified information about the pallet to confirm, verify, or otherwise determine 

what items are on the pallet and/or what items should be on the pallet. In some implementations, 

the content generator 1038 can also identify and translate text, barcodes, QR codes, and/or other 

unique identifiers that are associated with the pallet and/or individual items on the pallet. 

[00189] The storage location determination engine 1074 can be configured to determine where 

to store the pallet in the warehouse. The engine 1074 can automatically make such a 

determination, using the techniques described herein. The determined storage location can then 

be transmitted to the WMS 154. In some implementations, the computing system 152 may not 

have the storage location determination engine 1074. Instead, the storage location can be 

determined by the WMS 154, as described below.  

[00190] Pallet information that is determined and/or identified by the computing system 152 

can then be stored in the pallet profiles data store 158. The data store 158 can include data 

records for each of the pallets 1040A-N that enter the warehouse.  

[00191] An example pallet profile 1040A-N can include image data 1042, damage 1044, box 

count 1046, lean 1048, size 1050, layers 1052, content 1054, text 1056, and label 1058. Each of 

the information 1042-1058 can be determined by one or more components of the computing 

system 152. One or more of the information 1042-1058 can also be determined by a warehouse 

worker at the user device 156, the WMS 154, and/or any other relevant stakeholders in the 

supply chain (e.g., vendor, owner, customer, etc.).  

[00192] In some implementations, the computing system 152 can store less than all of the 

images that were captured by the cameras 1016 in the pallet profile 1040A-N. For example, an 

image that clearly captures a label of the pallet can be stored in the image data 1042. Other 

images for that pallet can be discarded. Sometimes, images of the pallet can be captured by one 

or more stakeholders in the supply chain. Such images can be stored in the image data 1042. The 

image analysis module 1004 of the computing system 152 can then access such images and 

perform image analysis techniques to identify information about the pallet. When the label of the 
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pallet may not be clearly identified from the image data 1042, all the captured images can be 

stored in the image data 1042 so that the warehouse worker can analyze the images to identify 

information about the pallet. If the worker can accurately identify information about the pallet 

from the images, one or more of the images can be saved in the image data 1042 and other 

images (e.g., blurry images) can be discarded. In some implementations, if the worker cannot 

identify information from the images but can identify information via a manual inspection of the 

pallet, all of the images can be discarded from the image data 1042. 

[00193] The WMS 154 can include a storage location determiner 1060 and a communication 

interface 1062. The WMS 154 can be configured to manage information about and operation of 

the warehouse and the warehouse’s components. In some implementations, the WMS 154 can be 

part of the computing system 152, the WCS 1080, and/or the cloud computing system 1082, as 

mentioned above. In some implementations, the WMS 154 can include the WCS 1080, the cloud 

computing system 1082, and/or automation application programming interfaces (APIs) 1061.  

The communication interface 1062 can be configured to provide for communication between the 

components described herein.  

[00194] The storage location determiner 1060 can be configured to identify a storage location 

for the pallet. As described throughout this disclosure, the determiner 1060 can identify whether 

the pallet can be stored in temporary storage or an organized storage location. The determiner 

1060 can also identify which storage location in organized storage location to store the pallet. In 

some implementations, the determiner 1060 can also generate instructions for routing the pallet 

to the identified storage location. The determiner 1060 can communicate the identified storage 

location and/or the instructions to the pallet profiling controller 1002 for execution by the 

controller 1018.   

[00195] The determiner 1060 can receive pallet information 1064A-N, which can be used to 

determine the optimal storage location for the pallet. The received pallet information 1064A-N 

can include a storage location 1066, label 1068, and owner 1070.  

[00196] The pallet profile 1040A-N can sometimes indicate where pallets of a particular type 

and/or owner should be stored (e.g., the storage location 1066). The determiner 1060 can use this 

information to designate or assign the pallet a particular organized storage location in the 

warehouse. The determiner 1060 can also update the storage location 1066 to the organized 

storage location that is selected for the pallet. Moreover, the label 1068 and/or the owner 1070 
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can include requirements or other specifications for storing the particular pallet. This information 

can also be used to select a particular organized storage location in the warehouse for the pallet. 

[00197] The user device 156 can be used by a warehouse worker to review identified 

information about the pallet and/or to identify information about the pallet. The user device 156 

can be a computing system, a computing device, a computer, laptop, tablet, smartphone, mobile 

phone, or other similar mobile device. Using the user device 156, the user can view information 

about the pallet that was identified by the computing system 152. Using the user device 156, the 

warehouse worker can, for example, verify information that was identified by the computing 

system 152. The warehouse worker can also match information identified by the computing 

system 152 with information stored in the pallet profile 1040A-N. The warehouse worker can 

identify information that was not identified by the computing system 152 (e.g., the computing 

system 152 missed or otherwise did not try to identify damage or box count) and/or information 

that could not be identified by the computing system 152 (e.g., the computing system 152 

attempted but failed to identify the label of the pallet because the image data was blurry).  

[00198] The user device 156 can include a pallet image data analysis interface 1072 and a 

communication interface 1076. The communication interface 1076 can provide for 

communication between any of the components described herein.  

[00199] The pallet image data analysis interface 1072 can be configured to present the image 

data captured by the cameras 1016. The interface 1072 can also present information about the 

pallet that was identified by the computing system 152 and/or any information that is known 

about the pallet (e.g., information that is stored in pallet profiles data store 158 and/or determined 

by the WMS 154, the WCS 1080, and/or the cloud computing system 1082). The warehouse 

worker can review the image data and try to identify information about the pallet from such data. 

For example, the warehouse worker can provide input to the interface 1072 that includes visual 

observations that the warehouse worker made when manually investigating the pallet and/or 

from viewing the image data presented in the interface 1072.  

[00200] In some implementations, the interface 1072 can include tags or flags on the image 

data to assist the warehouse worker in more efficiently inspecting the pallet (e.g., via manual 

inspection of the pallet). For example, the interface 1072 can present a flag on a blurry image of 

a side of the pallet where the label is located. The warehouse worker can then more quickly 

determine which side of the pallet to manually inspect based on the flagged image.  
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[00201] FIGS. 11A-B are swimlane diagrams of an example process 1100 for profiling a pallet. 

The process 1100 is described in reference to the systems described throughout this document, 

such as the system 100 described above with regard to FIG. 1 and the system 1000 described 

above with regard to FIG. 10. One or more blocks of the process 1100 can be performed by the 

computing system 152, the WMS 154, and pallet profiling controller(s) 1002. One or more 

blocks of the process 1100 can be performed by other computing systems, servers, and/or 

computing devices, such as those described throughout this document. 

[00202] Referring to FIG. 11A, the WMS 154 directs the profiling of a pallet (1102), such as a 

pallet that is received at warehouse and that has not yet bene profiled.  To do this, the WMS 154 

can direct the pallet profiling controllers 1002 to control conveyors to transport the pallet to the 

pallet profiler (1104), which can include centering pallet on the conveyors, moving the pallet 

onto the turntable, and centering the pallet on the turntable in preparation for performing a scan.  

The WMS 154 can obtain a transaction ID for the pallet (1106) that is generated by the 

computing system 152 (1108), which the computing system 152 can use to temporarily identify 

the pallet and information determined for the pallet that the WMS 154 can use to ultimately 

identify and profile the pallet.  The WMS 154 can retrieve candidate pallet information (1110), 

such as a manifest of pallets from an inbound truck that has been unloaded at a warehouse.  The 

information provided on a manifest for a pallet can vary significantly across different providers 

and carriers, ranging from simply listing the number of pallets provided at for individual skus to 

more detailed information with unique identifiers associated with each pallet, identification of 

the specific items contained on the pallet (e.g., list of the number of cases of each sku included in 

pallet), date information for the contents of the pallet (e.g., date for each case, date for lot of 

cases included in pallet), and/or other details.  The pallet profiling can attempt to pair individual 

pallets with preexisting information for the pallets (e.g., manifest information), to supplement or 

further flesh out the preexisting information (e.g., fill in unknown details, such as expiration 

information for cases included in pallet), and to correct any inaccurate or otherwise incorrect 

information included in the preexisting pallet information. 

[00203] The WMS 145 can initiate a pallet scan for the pallet (1112), which can include 

directing the pallet profiling controller 1002 to initiate the scan.  The pallet profiling controller 

1002 can control the turntable to position and orient the pallet for the first scan (1114).  As 

discussed throughout this document, that can include centering the pallet on the turntable 104 
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and positioning it so that a first side face of the pallet is perpendicular to the orientation of the 

cameras 110A-D attached the vertical pole 108.  Other initial orientations are also possible, such 

as having the first side face at some degree of rotation askew from perpendicular, such as 15°, 

20°, 30°, 45°, 60°, 85°, and/or other degrees of rotation.  With the pallet positioned, the 

controller 1002 can control operation of the lights and cameras (1116), such as sending 

coordinated and synchronous control instructions to both the lights and the cameras to initiate 

capturing of a first set of images.  The first set of images can include, for example, multiple 

images of the front side of the pallet captured by the cameras 110A-D and one or more images of 

the top surface of the pallet captured by the overhead camera(s) 110N.  The images can be 

captured by the cameras and received by the computing system 152 (1118), which can then 

determine whether more scans are needed (1120).  The determination about more scans can be a 

static determination, which can involve progressing through a static number of pallet positions 

and image set captures (e.g., one set of images for each of the four sides of the pallet and one set 

of images for the top of the pallet).  With static determinations, the determination can involve 

simply determining whether each of the predetermined pallet positions have been imaged (e.g., 

one set of images for each side, one set of images of pallet at intervals of every 45 degrees of 

rotation) and, if not all positions have been imaged, the next position in the progression can be 

directed to the controller 1002, which can then cause steps 1114-1120 to be repeated. 

[00204] In some instances, the determination (1120) about more scans can be dynamic, which 

can involve, for example, performing an initial and quick assessment of the most recently 

captured images to determine whether they are usable for image analysis.  In the event that the 

images are not of at least a threshold quality along one or more image quality metrics, the 

computing system 152 can direct one or more modifications for reimaging that portion of the 

pallet, such as adjusting the lighting configurations (e.g., strobe duration, light intensity, light 

wavelength, position and/or angles of lights), camera settings (e.g., adjusting aperture, shutter 

speed, focal length, camera position), and/or pallet positions (e.g., rotating forward or backward 

by small increment, such as 5°, 10°, 15°, and/or other amounts).  Such modifications can be 

transmitted to the controller 1002, which can prompt the performance of steps 1114-1120 with 

the modified settings.  Further modifications can be performed up until a threshold number (e.g., 

2, 3, 4, or more), after which the best set of images for a portion of the pallet may be selected and 

the process 1100 can proceed to imaging other portions of the pallet. 
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[00205] Once all images of the pallet have been captured (no more scans to be performed at 

step 1120), the controller 1002 can be informed that the scans are complete, which can prompt 

the controller 1002 to control the turntable and conveyors to further move the pallet (1122), such 

as transitioning the pallet from the turntable 104 to the conveyor 106 and moving the pallet out 

of the photo booth 126.  Once the scans are complete, the computing system 152 can also 

initialize first and second timers for performing particular image processing operations on the 

captured images that can impact the physical movement, processing, and labeling of pallet.  

Instead of simply performing these operations until their completion, timers can be set to require 

performance within a threshold amount of time to ensure that the physical handling the of pallet 

is not delayed by the image processing operations (i.e., physical progression of pallet is halted 

while waiting for image processing to be completed), which can increase the throughput of 

pallets through the profiler and system.  The first image processing operation can be initiated by 

the computing system 152 (1126), which can correspond to the first timer.  The first image 

processing operation can be a first pass through the captured images of the pallet to quickly 

determine whether a pallet identifier for the pallet can be detected (e.g. barcode, QR code, 

alphanumeric code) from the images.  Such a pallet identifier can be used to identify 

corresponding pallet information from the preexisting pallet information.  If a pallet identifier is 

detected (and/or a pallet identifier detected with at least a threshold level of confidence) before 

expiration of the first timer, the first image processing operation can end and the results (e.g., 

pallet identifier) can be reported to the WMS 154 (1128).  If the first timer expires before 

completion of the first image processing operation, then results indicating that no pallet identifier 

was detected and/or one or more candidate pallet identifiers with a threshold level of confidence 

can be returned.  The first timer can be a static value (e.g., 0.5 seconds, 1 second, 5 seconds, 10 

seconds, 20 seconds, and/or others) and/or a dynamic value (e.g., time from scan being 

completed until pallet passes/reaches one or more physical target locations, such as fully exiting 

the photo booth).  After completing the first image processing operation, the computing system 

152 can initiate the second image processing operation (1130). 

[00206] The WMS 154 can use the results to identify a corresponding candidate pallet from the 

preexisting candidate pallets (1132).  The identifier for the candidate pallet can be used as, 

correlated with, and/or used to generate a unique warehouse identifier for the pallet within the 

warehouse, which the WMS 154 can use to track, manage, and/or process warehousing 
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operations with regard to the pallet.  The unique warehouse identifier can be associated with a 

variety of details about the pallet, such as the contents of the pallet (e.g., product skus, number of 

cases of each sku, dates for each of the cases, size of the pallet, weight of the pallet), which can 

be used to select long-term storage locations for the pallet and for selecting particular pallets to 

fulfill orders.  If no identifier is identified and/or a candidate pallet is not identified, a new 

unique warehouse identifier can be generated for the pallet. 

[00207] The WMS 154 can direct a physical check of the pallet (1134), which can be performed 

by, for example, one or more apparatus (that are configured to perform safety checks on the 

pallet (e.g., determine size, detect lean of pallet).  Examples are described above with regard to 

512 and 536.  The controller 1002 can receive instructions from the WMS 154, and can control 

movement of the pallet via conveyors and/or other pallet movement components to the physical 

check unit (1136). 

[00208] Referring to FIG. 11B, the controller returns the physical examination information 

(e.g., height, width, safety information) (1138) to the WMS 154, which adds the physical exam 

information to a profile for the pallet (1140).  The WMS 154 direct labelling of the pallet (1142), 

and the controller 1002 can control the conveyors to move the pallet to the automatic labeler 

(1144), which can apply a label using the unique warehouse identifier for the pallet.  The 

controller 1002 can verify that the label applied to the pallet is readable and located in one or 

more specific locations on the pallet (1146), and can return confirmation to the WMS 154 which 

can add the label information and confirmation to the profile for the pallet (1148). 

[00209] At either expiration of the second timer or completion of the second image processing 

operation, whichever occurs first, the computing system 152 can return the results of the second 

image processing operation (1150) to the WMS 154, which can add those results to the pallet 

profile (1152).  The second image processing operation can include, for example, identifying 

details on the contents and cases included on the pallet, such as text, markings, codes, and/or 

other labeling on the cases.  The second image processing operations can aim to identify, 

specifically, what is included in the pallet, such as the specific skus that are contained in the 

pallet, the number of cases of each sku, date information associated with each case, and/or other 

salient information to better understand and track the contents of good contained in the 

warehouse.  The second image processing operation can process all images captured of the pallet 

for a second time, but with using differing image processing techniques, such as using OCR 
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and/or machine learning models, and/or other text/object detection algorithms.  The second timer 

can be a static value (e.g., 0.5 seconds, 1 second, 5 seconds, 10 seconds, 20 seconds, and/or 

others) that is either started at the same time as the first timer or after completion of the first 

operation/timer.  The second timer can, alternatively, be a dynamic value (e.g., time until pallet 

completes labeling confirmation).   

[00210] The WMS 154 can analyze the accumulated pallet information and determine, for any 

contradictory or inconsistent information (e.g., conflict between preexisting pallet information 

from manifest and detected pallet information), which information to keep and use for the pallet.  

In some instances, the detected information can be selected over preexisting information.  In 

other instances, a conflict can result in the pallet being flagged for human review and placed into 

temporary storage.  The WMS 154 can use the pallet information to determine whether to route 

the pallet into long-term storage and/or temporary storage (1154).  If the accumulated pallet 

information does not include sufficient details and/or confidence associated therewith to 

determine the contents of the pallet, it can be flagged for temporary storage.  The WMS 154 can 

direct the storage determination (1156), which the controller 1002 can use to control the 

conveyors to route the pallet along a path to either long term storage or temporary storage 

(1158). 

[00211] After completing the second image process operation, the computing system 152 can 

initiate a third image processing operation (1152), which can perform additional processing of 

the images to determine and/or detect other details about the pallet that were either cut off via the 

timers for the first and second image processing operations, and/or performing 

additional/alternate image processing (i.e., processing of images using one or more machine 

learning models to more accurately and/or consistently detect pallet contents, performing image 

manipulation/modification operations to improve image quality that can then be used to 

reprocess the first and/or second image processing operations).  The third image processing 

operation may not be time limited, and may be permitted to process until it reaches its 

conclusions.  The third image processing results can be returned (1160) and added to the profile 

for the pallet (1162).  In instances where the pallet is routed to temporary storage, the pallet can 

be added to queue for the accumulated pallet profile, including the captured images, to undergo a 

human review (1164), which can result in human identification and/or correction of the pallet 
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information (1166) and can permit for a long-term storage location to be determined and used for 

storing the pallet (1168). 

[00212] FIG. 12 is a block diagram of computing devices 1200, 1250 that may be used to 

implement the systems and methods described in this document, as either a client or as a server 

or plurality of servers.  Computing device 1200 is intended to represent various forms of digital 

computers, such as laptops, desktops, workstations, personal digital assistants, servers, blade 

servers, mainframes, and other appropriate computers.  Computing device 1250 is intended to 

represent various forms of  mobile devices, such as personal digital assistants, cellular 

telephones, smartphones, and other similar computing devices.  The components shown here, 

their connections and relationships, and their functions, are meant to be exemplary only, and are 

not meant to limit implementations of the inventions described and/or claimed in this document.  

[00213] The Computing device 1200 includes a processor 1202, memory 1204, a storage device 

1206, a high-speed interface 1208 connecting to memory 1204 and high-speed expansion ports 

1210, and a low speed interface 1212 connecting to low speed bus 1214 and storage device 1206.  

Each of the components 1202, 1204, 1206, 1208, 1210, and 1212, are interconnected using 

various busses, and may be mounted on a common motherboard or in other manners as 

appropriate.  The processor 1202 can process instructions for execution within the computing 

device 1200, including instructions stored in the memory 1204 or on the storage device 1206 to 

display graphical information for a GUI on an external input/output device, such as display 1216 

coupled to high speed interface 1208.  In other implementations, multiple processors and/or 

multiple buses may be used, as appropriate, along with multiple memories and types of memory.  

Also, multiple computing devices 1200 may be connected, with each device providing portions 

of the necessary operations (e.g., as a server bank, a group of blade servers, or a multi-processor 

system). 

[00214] The memory 1204 stores information within the computing device 1200.  In one 

implementation, the memory 1204 is a computer-readable medium.  In one implementation, the 

memory 1204 is a volatile memory unit or units.  In another implementation, the memory 1204 is 

a non-volatile memory unit or units. 

[00215] The storage device 1206 is capable of providing mass storage for the computing device 

1200.  In one implementation, the storage device 1206 is a computer-readable medium.  In 

various different implementations, the storage device 1206 may be a floppy disk device, a hard 
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disk device, an optical disk device, or a tape device, a flash memory or other similar solid state 

memory device, or an array of devices, including devices in a storage area network or other 

configurations.  In one implementation, a computer program product is tangibly embodied in an 

information carrier.  The computer program product contains instructions that, when executed, 

perform one or more methods, such as those described above.  The information carrier is a 

computer- or machine-readable medium, such as the memory 1204, the storage device 1206, or 

memory on processor 1202. 

[00216] The high speed controller 1208 manages bandwidth-intensive operations for the 

computing device 1200, while the low speed controller 1212 manages lower bandwidth-intensive 

operations.  Such allocation of duties is exemplary only.  In one implementation, the high-speed 

controller 1208 is coupled to memory 1204, display 1216 (e.g., through a graphics processor or 

accelerator), and to high-speed expansion ports 1210, which may accept various expansion cards 

(not shown).  In the implementation, low-speed controller 1212 is coupled to storage device 1206 

and low-speed expansion port 1214.  The low-speed expansion port, which may include various 

communication ports (e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may be coupled to one 

or more input/output devices, such as a keyboard, a pointing device, a scanner, or a networking 

device such as a switch or router, e.g., through a network adapter. 

[00217] The computing device 1200 may be implemented in a number of different forms, as 

shown in the figure.  For example, it may be implemented as a standard server 1220, or multiple 

times in a group of such servers.  It may also be implemented as part of a rack server system 

1224.  In addition, it may be implemented in a personal computer such as a laptop computer 

1222.  Alternatively, components from computing device 1200 may be combined with other 

components in a mobile device (not shown), such as device 1250.  Each of such devices may 

contain one or more of computing device 1200, 1250, and an entire system may be made up of 

multiple computing devices 1200, 1250 communicating with each other. 

[00218] Computing device 1250 includes a processor 1252, memory 1264, an input/output 

device such as a display 1254, a communication interface 1266, and a transceiver 1268, among 

other components.  The device 1250 may also be provided with a storage device, such as a 

microdrive or other device, to provide additional storage.  Each of the components 1250, 1252, 

1264, 1254, 1266, and 1268, are interconnected using various buses, and several of the 

components may be mounted on a common motherboard or in other manners as appropriate.   
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[00219] The processor 1252 can process instructions for execution within the computing device 

850, including instructions stored in the memory 1264.  The processor may also include separate 

analog and digital processors.  The processor may provide, for example, for coordination of the 

other components of the device 1250, such as control of user interfaces, applications run by 

device 1250, and wireless communication by device 1250.   

[00220] Processor 1252 may communicate with a user through control interface 1258 and 

display interface 1256 coupled to a display 1254.  The display 1254 may be, for example, a TFT 

LCD display or an OLED display, or other appropriate display technology.  The display interface 

1256 may comprise appropriate circuitry for driving the display 1254 to present graphical and 

other information to a user.  The control interface 1258 may receive commands from a user and 

convert them for submission to the processor 1252.  In addition, an external interface 1262 may 

be provide in communication with processor 1252, so as to enable near area communication of 

device 1250 with other devices.  External interface 1262 may provide, for example, for wired 

communication (e.g., via a docking procedure) or for wireless communication (e.g., via 

Bluetooth or other such technologies). 

[00221] The memory 1264 stores information within the computing device 1250.  In one 

implementation, the memory 1264 is a computer-readable medium.  In one implementation, the 

memory 1264 is a volatile memory unit or units.  In another implementation, the memory 1264 is 

a non-volatile memory unit or units.  Expansion memory 12174 may also be provided and 

connected to device 1250 through expansion interface 1272, which may include, for example, a 

SIMM card interface.  Such expansion memory 1274 may provide extra storage space for device 

1250, or may also store applications or other information for device 1250.  Specifically, 

expansion memory 1274 may include instructions to carry out or supplement the processes 

described above, and may include secure information also.  Thus, for example, expansion 

memory 1274 may be provide as a security module for device 1250, and may be programmed 

with instructions that permit secure use of device 1250.  In addition, secure applications may be 

provided via the SIMM cards, along with additional information, such as placing identifying 

information on the SIMM card in a non-hackable manner. 

[00222] The memory may include for example, flash memory and/or MRAM memory, as 

discussed below.  In one implementation, a computer program product is tangibly embodied in 

an information carrier.  The computer program product contains instructions that, when 
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executed, perform one or more methods, such as those described above.  The information carrier 

is a computer- or machine-readable medium, such as the memory 1264, expansion memory 

1274, or memory on processor 1252. 

[00223] Device 1250 may communicate wirelessly through communication interface 1266, 

which may include digital signal processing circuitry where necessary.  Communication interface 

1266 may provide for communications under various modes or protocols, such as GSM voice 

calls, SMS, EMS, or MMS messaging, CDMA, TDMA, PDC, WCDMA, CDMA2000, or GPRS, 

among others.  Such communication may occur, for example, through radio-frequency 

transceiver 1268.  In addition, short-range communication may occur, such as using a Bluetooth, 

WiFi, or other such transceiver (not shown).  In addition, GPS receiver module 1270 may 

provide additional wireless data to device 1250, which may be used as appropriate by 

applications running on device 1250. 

[00224] Device 1250 may also communicate audibly using audio codec 1260, which may 

receive spoken information from a user and convert it to usable digital information.  Audio codec 

1260 may likewise generate audible sound for a user, such as through a speaker, e.g., in a 

handset of device 1250.  Such sound may include sound from voice telephone calls, may include 

recorded sound (e.g., voice messages, music files, etc.) and may also include sound generated by 

applications operating on device 1250. 

[00225] The computing device 1250 may be implemented in a number of different forms, as 

shown in the figure.  For example, it may be implemented as a cellular telephone 1280.  It may 

also be implemented as part of a smartphone 1282, personal digital assistant, or other similar 

mobile device. 

[00226] Various implementations of the systems and techniques described here can be realized 

in digital electronic circuitry, integrated circuitry, specially designed ASICs (application specific 

integrated circuits), computer hardware, firmware, software, and/or combinations thereof.  These 

various implementations can include implementation in one or more computer programs that are 

executable and/or interpretable on a programmable system including at least one programmable 

processor, which may be special or general purpose, coupled to receive data and instructions 

from, and to transmit data and instructions to, a storage system, at least one input device, and at 

least one output device. 
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[00227] These computer programs (also known as programs, software, software applications or 

code) include machine instructions for a programmable processor, and can be implemented in a 

high-level procedural and/or object-oriented programming language, and/or in assembly/machine 

language.  As used herein, the terms “machine-readable medium” “computer-readable medium” 

refers to any computer program product, apparatus and/or device (e.g., magnetic discs, optical 

disks, memory, Programmable Logic Devices (PLDs)) used to provide machine instructions 

and/or data to a programmable processor, including a machine-readable medium that receives 

machine instructions as a machine-readable signal.  The term “machine-readable signal” refers to 

any signal used to provide machine instructions and/or data to a programmable processor. 

[00228] To provide for interaction with a user, the systems and techniques described here can 

be implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or LCD 

(liquid crystal display) monitor) for displaying information to the user and a keyboard and a 

pointing device (e.g., a mouse or a trackball) by which the user can provide input to the 

computer.  Other kinds of devices can be used to provide for interaction with a user as well; for 

example, feedback provided to the user can be any form of sensory feedback (e.g., visual 

feedback, auditory feedback, or tactile feedback); and input from the user can be received in any 

form, including acoustic, speech, or tactile input. 

[00229] The systems and techniques described here can be implemented in a computing system 

that includes a back end component (e.g., as a data server), or that includes a middleware 

component (e.g., an application server), or that includes  a front end component (e.g., a client 

computer having a graphical user interface or a Web browser through which a user can interact 

with an implementation of the systems and techniques described here), or any combination of 

such back end, middleware, or front end components.  The components of the system can be 

interconnected by any form or medium of digital data communication (e.g., a communication 

network).  Examples of communication networks include a local area network (“LAN”), a wide 

area network (“WAN”), and the Internet. 

[00230] The computing system can include clients and servers.  A client and server are 

generally remote from each other and typically interact through a communication network.  The 

relationship of client and server arises by virtue of computer programs running on the respective 

computers and having a client-server relationship to each other. 
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[00231] While this specification contains many specific implementation details, these should 

not be construed as limitations on the scope of the disclosed technology or of what may be 

claimed, but rather as descriptions of features that may be specific to particular embodiments of 

particular disclosed technologies.  Certain features that are described in this specification in the 

context of separate embodiments can also be implemented in combination in a single 

embodiment in part or in whole.  Conversely, various features that are described in the context of 

a single embodiment can also be implemented in multiple embodiments separately or in any 

suitable subcombination.  Moreover, although features may be described herein as acting in 

certain combinations and/or initially claimed as such, one or more features from a claimed 

combination can in some cases be excised from the combination, and the claimed combination 

may be directed to a subcombination or variation of a subcombination.  Similarly, while 

operations may be described in a particular order, this should not be understood as requiring that 

such operations be performed in the particular order or in sequential order, or that all operations 

be performed, to achieve desirable results.  Particular embodiments of the subject matter have 

been described.  Other embodiments are within the scope of the following claims. 
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What is claimed is: 

 

CLAIMS: 

 

1. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 

location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations;  

a photo booth configured to enclose an area that includes the turntable and the vertical 

profiling structure, wherein the photo booth includes (i) sides and a top that prevent ambient light 

from entering the enclosed area and (ii) a light source to cast light on the pallet as the pallet 

rotates on the turntable; and 

a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

instruct the first conveyor belt to automatically route the pallet onto the turntable; 

instruct the plurality of cameras to capture image data of the pallet on the 

turntable as the turntable rotates until a rotation cycle is complete;  

receive, from the plurality of cameras, the captured image data of the pallet;  

retrieve, from a data store, image-based models of the pallet, wherein the image-

based models are trained using images of pallets having unique identifiers; 

determine, based on applying the image-based models of the pallet to the captured 

image data of the pallet, whether a unique identifier on the pallet is identifiable; and  
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transmit, to a warehouse management system, a notification indicating whether 

the unique identifier on the pallet is identifiable or unidentifiable, wherein the notification 

causes the warehouse management system to route the pallet into different storage 

locations based on identification of the unique identifier.  

 

2. The system of claim 1, wherein the plurality of cameras are arranged along a same 

vertical plane with each having a substantially horizontal angle.  

 

3. The system of claim 1, wherein: 

the vertical profiling structure is a pole,  

the vertical profiling structure is laterally spaced apart from the first conveyor belt, the 

second conveyor belt, and the turntable such that the vertical profiling structure does not hang 

over any of the first conveyor belt, the second conveyor belt, and the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 

1.9 meters from the turntable. 

 

4. The system of claim 1, wherein the vertical profiling structure includes at least one light 

source vertically aligned with and offset from each of the plurality of cameras. 

 

5. The system of claim 4, wherein the at least one light source is a red light, and one or 

more of the plurality of cameras include at least one of a polarizer, a red light filter, and a 

bandpass filter.  

 

6. The system of claim 1, wherein the light source is laterally offset from the vertical 

profiling structure and angled relative to the turntable such that the light source reflects 

light to the plurality of cameras at an acute angle off of a top surface of the pallet, 

wherein the light source is configured to emit a certain intensity and duration of light that 

correlates with a predetermined shutter speed of the plurality of cameras.  

 

7. The system of claim 1, wherein the photo booth includes (i) a first opening in a first side 

of the photo booth through which the pallet can be received from the first conveyor belt 
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onto the turntable and (ii) a second opening in a second side of the photo booth opposite 

the first side through which the pallet can be moved from the turntable to the second 

conveyor belt.  

 

8. The system of claim 1, further comprising an overhead camera configured to capture 

images of a top surface of the pallet as the pallet rotates on the turntable.  

 

9. The system of claim 1, wherein: 

one or more of the plurality of cameras are mounted along a middle portion of the vertical 

profiling structure and parallel with a surface of the turntable to capture images of side surfaces 

of the pallet as the pallet rotates on the turntable, and 

one or more of the plurality of cameras are mounted along a bottom portion of the 

vertical profiling structure and angled upwards to capture images of a bottom surface of the 

pallet as the pallet rotates on the turntable. 

 

10. The system of claim 1, wherein the computing system is further configured to: 

stitch together one or more image data of sides, top, and bottom surfaces of the pallet; 

and  

determine, based on applying the image-based models to the stitched together image data, 

a height of the pallet, damage to the pallet, lean of the pallet, contents of the pallet, number of 

rows on the pallet, and quantity of items on the pallet.  

 

11. The system of claim 1, wherein the computing system is further configured to: 

center the pallet at a midpoint of the turntable; and  

 instruct the turntable to rotate in a first direction at a constant predetermined speed.  

 

12. The system of claim 1, wherein the computing system is further configured to: 

generate, based on determining that the unique identifier on the pallet is not identifiable, a 

placeholder label for the pallet; 

generate a pallet profile for the pallet using the placeholder label as an identifier for the 

pallet; and 
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transmit, to an automated warehouse device, a notification with the placeholder label, 

wherein the notification causes the automated warehouse device to print the placeholder label 

and apply the printed placeholder label to a designated surface of the pallet.  

 

13. The system of claim 1, wherein the computing system is further configured to: 

instruct, while determining whether the unique identifier on the pallet is identifiable, the 

first conveyor belt to automatically route a second pallet onto the turntable; 

instruct the plurality of cameras to capture image data of the second pallet on the 

turntable as the turntable rotates;  

receive, from the plurality of cameras, the captured image data of the second pallet; and 

determine, based on applying image-based models of the second pallet to the captured 

image data of the second pallet, whether a unique identifier on the second pallet is identifiable.  

 

14. A computer-implemented method for profiling a pallet, the method comprising: 

instructing, by a computing system, a first conveyor belt to automatically route a pallet 

onto a turntable; 

instructing, by the computing system, a plurality of cameras to capture image data of the 

pallet on the turntable as the turntable rotates until a rotation cycle is complete, wherein the 

plurality of cameras are mounted at a plurality of different locations along a vertical profiling 

structure that is in a stationary position proximate to a side of the turntable;  

receiving, by the computing system and from the plurality of cameras, the captured image 

data of the pallet, wherein the image data provides multiple different views of the pallet from a 

plurality of different vantage points provided by the camera being mounted to the vertical 

profiling structure at the plurality of different locations;  

retrieving, by the computing system and from a data store, image-based models of the 

pallet, wherein the image-based models are trained using images of pallets having unique 

identifiers; 

determining, by the computing system and based on applying the image-based models of 

the pallet to the captured image data of the pallet, whether a unique identifier on the pallet is 

identifiable;  
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transmitting, by the computing system and to a warehouse management system, a 

notification indicating whether the unique identifier on the pallet is identifiable or unidentifiable, 

wherein the notification causes the warehouse management system to route the pallet into 

different storage locations based on identification of the unique identifier;  

stitching together, by the computing system, one or more image data of sides, top, and 

bottom surfaces of the pallet; and 

determining, by the computing system and based on applying the image-based models to 

the stitched together image data, a height of the pallet, damage to the pallet, lean of the pallet, 

contents of the pallet, number of rows on the pallet, and quantity of items on the pallet.  

 

15. The method of claim 14, further comprising: 

centering, by the computing system, the pallet at a midpoint of the turntable; and 

instructing, by the computing system, the turntable to rotate in a first direction at a 

constant predetermined speed.  

 

16. The method of claim 14, wherein: 

the vertical profiling structure is a pole,  

the vertical profiling structure is laterally spaced apart from the first conveyor belt and 

the turntable such that the vertical profiling structure does not hang over either the first conveyor 

belt or the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 

1.9 meters from the turntable. 

 

17. The method of claim 14, further comprising configuring, by the computing system, a 

light source to emit a certain intensity and duration of light that correlates with a 

predetermined shutter speed of the plurality of cameras, wherein the light source is 

included in a photo booth that is configured to enclose an area that includes the turntable 

and the vertical profiling structure, wherein the photo booth includes (i) sides and a top 

that prevent ambient light from entering the enclosed area and (ii) the light source that 

casts light on the pallet as the pallet rotates on the turntable. 
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18. The method of claim 14, further comprising: 

generating, by the computing system and based on determining that the unique identifier 

on the pallet is not identifiable, a placeholder label for the pallet; 

generating, by the computing system, a pallet profile for the pallet using the placeholder 

label as an identifier for the pallet; and 

transmitting, by the computing system and to an automated warehouse device, a 

notification with the placeholder label, wherein the notification causes the automated warehouse 

device to print the placeholder label and apply the printed placeholder label to a designated 

surface of the pallet. 

 

19. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

 first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 

location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

 a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations, wherein 

the vertical profiling structure is a pole, the vertical profiling structure is laterally spaced apart 

from the first conveyor belt, the second conveyor belt, and the turntable such that the vertical 

profiling structure does not hang over any of the first conveyor belt, the second conveyor belt, 

and the turntable, and the vertical profiling structure is positioned a working distance between 

1.7 meters and 1.9 meters from the turntable; and  

 a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

 instruct the first conveyor belt to automatically route the pallet onto the turntable; 
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 instruct the plurality of cameras to capture image data of the pallet on the turntable as the 

turntable rotates until a rotation cycle is complete;  

 receive, from the plurality of cameras, the captured image data of the pallet;  

 retrieve, from a data store, image-based models of the pallet, wherein the image-based 

models are trained using images of pallets having unique identifiers; 

 determine, based on applying the image-based models of the pallet to the captured image 

data of the pallet, whether a unique identifier on the pallet is identifiable; and 

 transmit, to a warehouse management system, a notification indicating whether the 

unique identifier on the pallet is identifiable or unidentifiable, wherein the notification causes the 

warehouse management system to route the pallet into different storage locations based on 

identification of the unique identifier. 

 

20. The system of claim 19, further comprising a photo booth configured to enclose an 

area that includes the turntable and the vertical profiling structure, wherein the photo booth 

includes (i) sides and a top that prevent ambient light from entering the enclosed area and (ii) a 

light source to cast light on the pallet as the pallet rotates on the turntable.  

 

21. The system of claim 20, wherein the light source is laterally offset from the vertical 

profiling structure and angled relative to the turntable such that the light source reflects light to 

the plurality of cameras at an acute angle off of a top surface of the pallet, wherein the light 

source is configured to emit a certain intensity and duration of light that correlates with a 

predetermined shutter speed of the plurality of cameras. 

 

22. The system of claim 1, wherein the computing system is further configured to stitch 

together one or more image data of sides, top, and bottom surfaces of the pallet to additionally 

determine one or more pallet features.  

 

23.The system of claim 22, wherein the one or more pallet features that are additionally 

determined comprise a height of the pallet.  
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24.The system of claim 22, wherein the one or more pallet features that are additionally 

determined comprise damage to the pallet. 

 

25. The system of claim 22, wherein the one or more pallet features that are additionally 

determined comprise a lean of the pallet. 

 

26. The system of claim 22, wherein the one or more pallet features that are additionally 

determined comprise contents of the pallet. 

 

27. The system of claim 22, wherein the one or more pallet features that are additionally 

determined comprise a number of rows on the pallet. 

 

28. The system of claim 22, wherein the one or more pallet features that are additionally 

determined comprise a quantity of items on the pallet. 

 

29. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

 first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 

location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

 a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations; and 

 a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

 instruct the first conveyor belt to automatically route the pallet onto the turntable; 
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 instruct the plurality of cameras to capture image data of the pallet on the turntable as the 

turntable rotates until a rotation cycle is complete;  

 receive, from the plurality of cameras, the captured image data of the pallet;  

 retrieve, from a data store, image-based models of the pallet, wherein the image-based 

models are trained using images of pallets having unique identifiers; 

 determine, based on applying the image-based models of the pallet to the captured image 

data of the pallet, whether a unique identifier on the pallet is identifiable; and  

 transmit, to a warehouse management system, a notification indicating whether the 

unique identifier on the pallet is identifiable or unidentifiable, wherein the notification causes the 

warehouse management system to route the pallet into different storage locations based on 

identification of the unique identifier,  

 wherein one or more of the plurality of cameras are mounted along a middle portion of 

the vertical profiling structure and parallel with a surface of the turntable to capture images of 

side surfaces of the pallet as the pallet rotates on the turntable, and 

 wherein one or more of the plurality of cameras are mounted along a bottom portion of 

the vertical profiling structure and angled upwards to capture images of a bottom surface of the 

pallet as the pallet rotates on the turntable. 

 

30. The system of claim 29, further comprising a photo booth configured to enclose an 

area that includes the turntable and the vertical profiling structure, wherein the photo booth 

includes (i) sides and a top that prevent ambient light from entering the enclosed area and (ii) a 

light source to cast light on the pallet as the pallet rotates on the turntable. 

 

31. The system of claim 29, wherein the computing system is further configured to: 

 stitch together one or more image data of sides, top, and bottom surfaces of the pallet; 

and  

 determine, based on applying the image-based models to the stitched together image data, 

one or more additional pallet features.  
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32. The system of claim 31, wherein the one or more additional pallet features comprise 

at least one of a height of the pallet, damage to the pallet, a lean of the pallet, contents of the 

pallet, a number of rows on the pallet, or a quantity of items on the pallet. 

 

33. The system of claim 29, wherein: 

 the vertical profiling structure is a pole,  

 the vertical profiling structure is laterally spaced apart from the first conveyor belt, the 

second conveyor belt, and the turntable such that the vertical profiling structure does not hang 

over any of the first conveyor belt, the second conveyor belt, and the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 1.9 

meters from the turntable. 

 

34. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

 first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 

location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

 a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations; and 

 a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

 instruct the first conveyor belt to automatically route the pallet onto the turntable; 

 instruct the plurality of cameras to capture image data of the pallet on the turntable as the 

turntable rotates until a rotation cycle is complete;  

 receive, from the plurality of cameras, the captured image data of the pallet;  



 

 78 

 retrieve, from a data store, image-based models of the pallet, wherein the image-based 

models are trained using images of pallets having unique identifiers; 

 determine, based on applying the image-based models of the pallet to the captured image 

data of the pallet, whether a unique identifier on the pallet is identifiable;  

 transmit, to a warehouse management system, a notification indicating whether the 

unique identifier on the pallet is identifiable or unidentifiable, wherein the notification causes the 

warehouse management system to route the pallet into different storage locations based on 

identification of the unique identifier;  

 stitch together one or more image data of sides, top, and bottom surfaces of the pallet; 

and  

 determine, based on the stitched together image data, a height of the pallet, damage to the 

pallet, lean of the pallet, contents of the pallet, number of rows on the pallet, and quantity of 

items on the pallet.  

 

35.  The system of claim 34, further comprising a photo booth configured to enclose an 

area that includes the turntable and the vertical profiling structure, wherein the photo booth 

includes (i) sides and a top that prevent ambient light from entering the enclosed area and (ii) a 

light source to cast light on the pallet as the pallet rotates on the turntable. 

 

36. The system of claim 34, wherein: 

 the vertical profiling structure is a pole,  

 the vertical profiling structure is laterally spaced apart from the first conveyor belt, the 

second conveyor belt, and the turntable such that the vertical profiling structure does not hang 

over any of the first conveyor belt, the second conveyor belt, and the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 1.9 

meters from the turntable. 

 

37. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

 first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 
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location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

 a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations; and 

 a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

 instruct the first conveyor belt to automatically route the pallet onto the turntable; 

 instruct the plurality of cameras to capture image data of the pallet on the turntable as the 

turntable rotates until a rotation cycle is complete;  

 receive, from the plurality of cameras, the captured image data of the pallet;  

 retrieve, from a data store, image-based models of the pallet, wherein the image-based 

models are trained using images of pallets having unique identifiers; 

 determine, based on applying the image-based models of the pallet to the captured image 

data of the pallet, whether a unique identifier on the pallet is identifiable;  

 transmit, to a warehouse management system, a notification indicating whether the 

unique identifier on the pallet is identifiable or unidentifiable, wherein the notification causes the 

warehouse management system to route the pallet into different storage locations based on 

identification of the unique identifier;  

  center the pallet at a midpoint of the turntable; and  

 instruct the turntable to rotate in a first direction at a constant predetermined speed. 

 

38.  The system of claim 37, further comprising a photo booth configured to enclose an 

area that includes the turntable and the vertical profiling structure, wherein the photo booth 

includes (i) sides and a top that prevent ambient light from entering the enclosed area and (ii) a 

light source to cast light on the pallet as the pallet rotates on the turntable. 
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39. The system of claim 37, wherein the computing system is further configured to: 

 stitch together one or more image data of sides, top, and bottom surfaces of the pallet; 

and  

 determine, based on the stitched together image data, one or more additional pallet 

features.  

 

40. The system of claim 39, wherein the one or more additional pallet features comprise 

at least one of a height of the pallet, damage to the pallet, a lean of the pallet, contents of the 

pallet, a number of rows on the pallet, or a quantity of items on the pallet. 

 

41. The system of claim 37, wherein: 

 the vertical profiling structure is a pole,  

 the vertical profiling structure is laterally spaced apart from the first conveyor belt, the 

second conveyor belt, and the turntable such that the vertical profiling structure does not hang 

over any of the first conveyor belt, the second conveyor belt, and the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 1.9 

meters from the turntable. 

 

42. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

 first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 

location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

 a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations; and 
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 a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

 instruct the first conveyor belt to automatically route the pallet onto the turntable; 

 instruct the plurality of cameras to capture image data of the pallet on the turntable as the 

turntable rotates until a rotation cycle is complete;  

 receive, from the plurality of cameras, the captured image data of the pallet;  

 retrieve, from a data store, image-based models of the pallet, wherein the image-based 

models are trained using images of pallets having unique identifiers; 

 determine, based on applying the image-based models of the pallet to the captured image 

data of the pallet, whether a unique identifier on the pallet is identifiable;  

 transmit, to a warehouse management system, a notification indicating whether the 

unique identifier on the pallet is identifiable or unidentifiable, wherein the notification causes the 

warehouse management system to route the pallet into different storage locations based on 

identification of the unique identifier;  

 generate, based on determining that the unique identifier on the pallet is not identifiable, a 

placeholder label for the pallet; 

 generate a pallet profile for the pallet using the placeholder label as an identifier for the 

pallet; and 

 transmit, to an automated warehouse device, a notification with the placeholder label, 

wherein the notification causes the automated warehouse device to print the placeholder label 

and apply the printed placeholder label to a designated surface of the pallet. 

 

43.  The system of claim 42, further comprising a photo booth configured to enclose an 

area that includes the turntable and the vertical profiling structure, wherein the photo booth 

includes (i) sides and a top that prevent ambient light from entering the enclosed area and (ii) a 

light source to cast light on the pallet as the pallet rotates on the turntable. 

 

44. The system of claim 42, wherein the computing system is further configured to: 

 stitch together one or more image data of sides, top, and bottom surfaces of the pallet; 

and  
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 determine, based on the stitched together image data, one or more additional pallet 

features.  

 

45.  The system of claim 44, wherein the one or more additional pallet features comprise 

at least one of a height of the pallet, damage to the pallet, a lean of the pallet, contents of the 

pallet, a number of rows on the pallet, or a quantity of items on the pallet. 

 

46.  The system of claim 42, wherein: 

 the vertical profiling structure is a pole,  

 the vertical profiling structure is laterally spaced apart from the first conveyor belt, the 

second conveyor belt, and the turntable such that the vertical profiling structure does not hang 

over any of the first conveyor belt, the second conveyor belt, and the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 1.9 

meters from the turntable. 

 

47. A system for profiling a pallet in a warehouse, the system comprising:  

a turntable configured to rotate the pallet;  

 first and second conveyor belts for moving the pallet in the warehouse, wherein the first 

conveyor belt is configured to automatically route the pallet onto the turntable from an initial 

location in the warehouse and the second conveyor belt is configured to automatically route the 

pallet off of the turntable to a destination location in the warehouse; 

 a vertical profiling structure in a stationary position proximate to a side of the turntable, 

the vertical profiling structure having a plurality of cameras mounted at a plurality of different 

locations along the vertical profiling structure, wherein the plurality of cameras are configured to 

capture images of the pallet as the pallet rotates on the turntable, the images providing multiple 

different views of the pallet from a plurality of different vantage points provided by the cameras 

being mounted to the vertical profiling structure at the plurality of different locations; and 

 a computing system configured to profile the pallet and control operation of the turntable, 

the first and second conveyor belts, and the plurality of cameras, wherein the computing system 

is configured to: 

 instruct the first conveyor belt to automatically route the pallet onto the turntable; 
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 instruct the plurality of cameras to capture image data of the pallet on the turntable as the 

turntable rotates until a rotation cycle is complete;  

 receive, from the plurality of cameras, the captured image data of the pallet;  

 retrieve, from a data store, image-based models of the pallet, wherein the image-based 

models are trained using images of pallets having unique identifiers; 

 determine, based on applying the image-based models of the pallet to the captured image 

data of the pallet, whether a unique identifier on the pallet is identifiable;  

 transmit, to a warehouse management system, a notification indicating whether the 

unique identifier on the pallet is identifiable or unidentifiable, wherein the notification causes the 

warehouse management system to route the pallet into different storage locations based on 

identification of the unique identifier;  

 instruct, while determining whether the unique identifier on the pallet is identifiable, the 

first conveyor belt to automatically route a second pallet onto the turntable; 

 instruct the plurality of cameras to capture image data of the second pallet on the 

turntable as the turntable rotates;  

 receive, from the plurality of cameras, the captured image data of the second pallet; and 

 determine, based on applying image-based models of the second pallet to the captured 

image data of the second pallet, whether a unique identifier on the second pallet is identifiable. 

 

48.  The system of claim 47, further comprising a photo booth configured to enclose an 

area that includes the turntable and the vertical profiling structure, wherein the photo booth 

includes (i) sides and a top that prevent ambient light from entering the enclosed area and (ii) a 

light source to cast light on the pallet as the pallet rotates on the turntable. 

 

49.  The system of claim 47, wherein the computing system is further configured to: 

 stitch together one or more image data of sides, top, and bottom surfaces of the pallet; 

and  

 determine, based on the stitched together image data, one or more additional pallet 

features.  
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50.  The system of claim 49, wherein the one or more additional pallet features comprise 

at least one of a height of the pallet, damage to the pallet, a lean of the pallet, contents of the 

pallet, a number of rows on the pallet, or a quantity of items on the pallet. 

 

51.  The system of claim 47, wherein: 

 the vertical profiling structure is a pole,  

 the vertical profiling structure is laterally spaced apart from the first conveyor belt, the 

second conveyor belt, and the turntable such that the vertical profiling structure does not hang 

over any of the first conveyor belt, the second conveyor belt, and the turntable, and  

the vertical profiling structure is positioned a working distance between 1.7 meters and 1.9 

meters from the turntable. 
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