CONTAINER MISALIGNMENT DETECTION SYSTEM AND METHODS

FOR AUTONOMOUSVEHICLES

TECHNICAL FIELD
[0001] The subject matter described herein relates toaguert misalignment detection systems
for autonomous vehicles.
BACKGROUND
[0002] Automation is the use of computing systems to agdisimvarious tasks without the need
of human intervention. Various industries util@gomation to complete tasks, for example, to reduc
costs and/or improve efficiency. Example industtleat use such automation include the automotive
industry and shipping industry.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Aspects of the present disclosure are best unaerstoom the following detailed
description when read with the accompanying figures
[0004] FIG. 1A is a block diagram illustrating a rear viei an autonomous vehicle with a
container that is misaligned in accordance withote embodiments of the present disclosure.
[0005] FIG. 1B is a block diagram 150 illustrating a regw of an autonomous vehicle with a
container that is properly aligned in accordandd warious embodiments of the present disclosure.
[0006] FIG. 2A is a diagram illustrating a side view of eakample autonomous vehicle for
transporting containers in accordance with varembodiments of the present disclosure.
[0007] FIG. 2B is a diagram illustrating a top view of arample autonomous vehicle for
transporting containers in accordance with variembodiments of the present disclosure.
[0008] FIG. 3 is a diagram illustrating a side view of@mample APM head in accordance with

various embodiments of the present disclosure.



[0009] FIG. 4 is a diagram illustrating a top view of mple LIDAR scanning zones that
cumulatively form a 360-degree LIDAR scanning zasfean example autonomous vehicle in
accordance with various embodiments of the predientosure.

[0010] FIG. 5 is a process flow diagram illustrating a Inegt of detecting container misalignment
on an autonomous vehicle in accordance with varmaisodiments of the present disclosure.

[0011] FIG. 6 is a process flow diagram illustrating amudfial steps performed by the
misalignment detection module of autonomous vehitlaccordance with various embodiments of
the present disclosure.

[0012] FIG. 7 is a process flow diagram illustrating a noet for detecting misalignment of a
container loaded onto an autonomous vehicle inrdecee with various embodiments of the present
disclosure.

[0013] FIG. 8 illustrates an example container misaligninakeiection system that processes input
data and generates output data in accordance aithug embodiments of the present disclosure.
SUMMARY

[0014] In one aspect, a method for detecting misalignn@nta container loaded onto an
autonomous vehicle includes receiving data havingpdication that the container is loaded onto the
autonomous vehicle. A scanning device mountecheratitonomous vehicle captures a plurality of
data points in the vicinity of the container. Asaignment detection module identifies a first data
point of the plurality of data points and a secalata point of the plurality of data points. The
misalignment detection module determines whetherctintainer is misaligned on the autonomous
vehicle based on a height difference between éheighe first data point and a height of the seto
data point. An indication of whether the contaiisemisaligned is provided.

[0015] In some variations, the container can be misaligieen the height difference is greater

than a height difference threshold.



[0016] In other variations, the first data point can beated on a top front left corner of the
container and the second data point is locatedtop &ont right corner of the container.

[0017] In some variations, the method can further compdsatifying, using a misalignment
detection module, heights associated with eachhefpiurality of data points, and identifying a
maximum height of the plurality of data points thlafines a rooftop of the container. The firstadat
point and the second data point can be identifiechfa subset of the plurality of datapoints located
within a designated three-dimensional region surding the based on a height that is greater than th
maximum height minus an error correction value.

[0018] In other variations, the plurality of data poinganclude a plurality of light and detection
ranging (LIDAR) data points.

[0019] In some variations, the autonomous vehicle carudeh head and a trailer for loading of
the container, and the scanning device can behadigd detection ranging (LIDAR) scanning device
mounted on a center line of the head. The LiDA&sing device can be mounted perpendicular to
a top of the head of the autonomous vehicle.

[0020] In other variations, the autonomous vehicle caarbautonomous prime mover.

[0021] In some variations, the container can be autonibtiteaded or unloaded onto the
autonomous vehicle without manual intervention lgyatry crane, and the indication can be provided
by either the gantry crane or user input.

[0022] In other variations, when the container is misaigyran alarm can be triggered to facilitate
human-aided manual re-loading or unloading of aainer onto the autonomous vehicle.

[0023] Non-transitory computer program products (i.e.,gpt8lly embodied computer program
products) are also described that store instrustiovhich when executed by one or more data
processors of one or more computing systems, ausast one data processor to perform operations

herein. Similarly, computer systems are also desdrthat may include one or more data processors



and memory coupled to one or more data procesddrs.memory may temporarily or permanently
store instructions that cause at least one procésg®rform one or more of the operations desdribe
herein. In addition, methods can be implementedr®yor more data processors either within a single
computing system or distributed among two or mamguting systems. Such computing systems
can be connected and can exchange data and/or catemaother instructions or the like via one or
more connections, including but not limited to awwection over a network (e.g., the Internet, a
wireless wide area network, a local area networkide area network, a wired network, or the like),
via a direct connection between one or more oftb#iple computing systems, etc.
[0024] The details of one or more variations of the sutjeatter described herein are set forth in
the accompanying drawings and the description bel®ther features and advantages of the subject
matter described herein will be apparent from tegcdption and drawings, and from the examples.
DETAILED DESCRIPTION
[0025] Autonomous vehicles operate with minimal to no honmeraction. There are numerous
ways autonomous vehicles are utilized in both peakand commercial settings. In a personal setting
for example, people can use autonomous vehiclgstttrom point A to point B such as driving to or
from work or school. In a commercial setting, antimous vehicles can be used to transport people
or goods from point A to point B such as placing@® onto or retrieving goods off of stock shelves
in retail spaces or storage warehouses or moviip@isiy containers around in a shipping port. When
autonomous vehicles are used to transport conaimnigh goods, it is important to ensure that the
containers are secured properly for transit. Lafggroperly secured containers could cause damage
to the containers and/or goods. It could also ealssnage to the autonomous vehicle itself or the
surroundings of the autonomous vehicle. A contdimat is not properly secured onto an autonomous
vehicle is referred to as container misalignmenga(misaligned container). The systems and methods

described herein can be used for detecting comtaarsalignment of an autonomous vehicle.



[0026] The precision described herein may not be attaembplhumans due to lack of visibility
and positional feedback of human eyes. Additignatllmay be dangerous for a human to be close
enough to a container to determine whether it saligned.

[0027] FIG. 1A is a block diagram 100 illustrating a regw of an autonomous vehicle 110 with

a container 120 that is misaligned in accordandke various embodiments of the present disclosure.
The container 120 has a bottom surface 120a teévated off of a trailer surface 110a of autonosno
vehicle 110. This elevation creates an empty sd2&between the bottom surface 120a of the
container 120 and the trailer surface 110a of tllereomous vehicle. The container illustrated iG FI

1A is not properly secured and could fall off of@omous vehicle 110 causing damage to any goods
within the container 120, the container 120 itsélé, autonomous vehicle 110, and/or surroundings of
the autonomous vehicle 110.

[0028] In order to detect the misalignment of containgd, 1Be container misalignment detection
system 800 described in FIG. 8 detects misalignm&ing container alignment points 122, 124, which
is described in more detail in FIGs. 5-6. The aordr misalignment points 122, 124 can be located
positionally on the top front left corner of thentainer 120 and the top front right corner of the
container 120, respectively, when viewing the cmaal20 from the rear (e.g., at the back of the
autonomous vehicle 110 looking forward). In theteat of the shipping industry, the container
misalignment points 122, 124 are located in a eheségl region 130, which is described in more detail
in FIG. 6. The container misalignment points 1P24 are detected using, for example, one or more
light and detection ranging (LIDAR) scanning degicaounted on the autonomous vehicle 110, as
described in more detail in FIGs. 2-3. The heiglitsoth container misalignment points 122, 124 are
evaluated to determine whether the container 12fissligned, as shown in FIG. 1A, or properly
aligned as shown in FIG. 1B. Heights of each @f ¢bntainer misalignment points 122, 124 are

compared to determine whether a height differerateekceeds a height difference threshold. If the



height difference exceeds the height differencediwld, the container 120 is determined to be
misaligned (e.g., height difference 126 exceeds#ight difference threshold). Alternatively, hiet
height difference is less than or equal to thelteadgstance threshold, the container 120 is detezchi

to be properly aligned (e.g., height difference 128ubstantially zero and is less than the height
distance threshold).

[0029] FIG. 1B is a block diagram 150 illustrating a reew of an autonomous vehicle 110 with
a container 120 that is properly aligned in accocgawith various embodiments of the present
disclosure. As shown in FIG. 1B, a height of botintainer misalignment points 122, 124 is
substantially equal (e.g., height difference 12&ubstantially zero). When the container 120 is
properly aligned, one or more additional containb4® can be stacked on top of container 120.
Additionally, the proper alignment of container U2€lps to facilitate safe transport of the containe
120 when the autonomous vehicle 110 is in motion.

[0030] FIG. 2A is a diagram illustrating a side view of example autonomous vehicle 200 for
transporting containers in accordance with varembodiments of the present disclosure. FIG. 2B is
a diagram illustrating a top view of the exampléoaomous vehicle 200 for transporting containers
in accordance with various embodiments of the priedisclosure. The example autonomous vehicle
200 of FIGs. 2A-2B is specific to the shipping istly. However, it can be appreciated by those of
ordinary skill in the art that this is merely araexple for illustrative purposes. In a shippingtgarch

as a container transshipment hub, an example autmm vehicle 200 is an autonomous platform
mover (APM) such as an autonomous prime moverthi;nexample, the autonomous vehicle 200
includes an APM head 210 and an APM trailer 22(e Or more containers (e.g., containers 120,
140) can be placed on APM trailer 220 for securdraed transport. For the purpose of illustration
and ease of understanding, no containers arerdlest in FIGs. 2A-2B. Mounting and/or offloading

containers onto the APMs can be performed by aereat entity such as a gantry crane (not shown).



[0031] The APM head 210 includes a cabin 213 housing releics for operation of the
autonomous vehicle 200, including the containeafigament detection system 800 described in FIG.
8. The APM head 210 can include one or more LiBs&Bnning devices 212, 214, 216, 218 mounted
thereon. More specifically, LIDAR scanning devi@&2, 214 are mounted on a centerline of the
APM head 210 on top of the cabin 213 (e.g., leftnside edge of the cabin 213). LIiDAR scanning
device 212 has a view of the area behind the autons vehicle 200The mounting and positioning
of the one or more LIDAR scanning devices 212, 214, 218 is described in more detail in FIG. 3.
The one or more LIDAR scanning devices 212, 214, 218 can perform scanning to collect data
points associated with a container (e.g., contdi26) placed on the APM trailer 220. At least spme
if not all, collected data points (e.g., LIDAR ptah are processed by the misalignment detection
module 812 as described in detail in FIGs. 5-6.

[0032] FIG. 3 is a diagram illustrating a side view of@ample APM head 300 in accordance
with various embodiments of the present disclosukeLiDAR scanning device 310 (e.g., LIDAR
scanning device 212 of FIGs. 2A-2B) is mounted auidace 320 of the APM head 300 (e.g., cabin
213) via a mounting bracket 315. Mounting bracB®b facilitates the positioning of a LIDAR
scanning device 310 approximately perpendiculah¢osurface 320 of the APM head 300. LiDAR
scanning devices 214, 216, 218 are oriented inriadrdal manner (e.g., parallel orientation). The
perpendicular orientation of the LIDAR scanning idev310 coupled with multiple LIDAR scanning
devices 310 (e.g., equivalent to LIDAR scanningice\212), 214, 216, 218 enables scanning of
approximately 360-degrees surrounding the autonsmuwehicle 200, to include container
misalignment points 122, 124. More specificalliiGF4 is a diagram 400 illustrating a top view of
multiple LIDAR scanning zones 410a, 410b, 410c,dtt@&t cumulatively form a 360-degree LIDAR
scanning zone 410 of an example autonomous vehiaelecordance with various embodiments of the

present disclosure. LIDAR scanning zone 410agsiti@ed by the positioning of LIDAR device 218.



LiDAR scanning zone 410b is facilitated by the piosing of LIDAR device 216. LiDAR scanning
zone 410c is facilitated by LIDAR scanning devid®2 LIDAR scanning zone 410d is facilitated by
LiDAR scanning device 214. The LIiDAR points deeetivithin the 360-degree LIDAR scanning
zone 410 (e.g., LIDAR scanning zones having vigipbibf the container 120 including LIDAR
scanning zone 410a, 410b, and 410c) are procegysint lzontainer misalignment detection system
800 described in detail in FIG. 8.

[0033] FIG. 5 is a process flow diagram 500 illustratingmethod of detecting container
misalignment on an autonomous vehicle in accordavitle various embodiments of the present
disclosure. When a container 120 is loaded ontédRN trailer 220, the container misalignment
detection system 800 can receive an indication tiiatcontainer is loaded onto the autonomous
vehicle from an external source in the form of dateh as a user input into the container misalignme
detection system 800 or an alert from a gantryerased to place the container 120 onto the APM
trailer 220. In order to detect container misahigmt, LIDAR data is collected, at step 502. In som
variations, this LIDAR data can be that collectexhd LIDAR scanning device 212, which is mounted
on the rear of the cabin 213 closest to the coeté240. As previously described in FIG. 4, LIDAR
scanning device 212 can be used to detect poirttinwiLiDAR scanning zone 410c, including
container 210. When loading of the container 12@ ¢he APM trailer 220 is complete, the LIDAR
data points captured by LIDAR scanning device 212 &re located in the top area of the container
front plane are evaluated, at step 504. The captuiDAR data points are processed using the
misalignment detection module 812 as described@ B. A maximum height of the LIDAR data
points is determined in order to evaluate a haiflite rooftop of the container 120, Z_MAX, at step
506. At step 508, the LIDAR data points near thaftop container height are identified in order to
obtain a maximum height of the leftmost point (ecgntainer misalignment point 122 at the top front

left corner of the container 120) and a maximunyghiiof the rightmost point (e.g., container



misalignment point 124 at the top front left cormérthe container 120). The leftmost point and
rightmost point are determined using the algoritiescribed in detail in FIG. 6. At step 510, the
heights of the container misalignment points 1224 &re evaluated to identify a height difference
between the two. If the height difference betwéen container misalignment point 122 and the
container misalignment point 124 is less than oiaétp a height threshold (e.g., 0.05m), the cotai
120 is aligned at step 512 (e.g., as shown inxaeple illustrated in FIG. 2B).

[0034] Alternatively, if the height difference between ttmntainer misalignment point 122 and
the container misalignment point 124 is greaten thaeight threshold (e.g., 0.05m), the contai@ér 1
is misaligned at step 514 (e.g., as shown in tleengie illustrated in FIG. 2A). If the containerQl2

is misaligned, corrective action can be taken saghepositioning the container 120 onto the APM
trailer 220. In some variations, an alarm is teiggl to facilitate human-aided manual re-loading or
unloading of a container 120 onto the autonomothgcie200. Once the container 120 is re-aligned,
the container misalignment system 800 can be wsesié¢valuate the placement of the container 120.
[0035] FIG. 6 is a process flow diagram 600 illustratinddiional steps performed by the
misalignment detection module 812 of autonomousicleh200 in accordance with various
embodiments of the present disclosure. For eased#rstanding and illustration purposes only, FIG.
6 is discussed with reference to the shipping itrigiusxample. However, it can be appreciated by
those of ordinary skill in the art that such exaengdn be applicable to any industry or scenariaahe
containers are loaded onto an autonomous vehicle.

[0036] Once LIDAR data is collected, at step 502, andight®f the rooftop of the container 120,
Z_MAX, is determined at step 506, the leftmost pdég., container misalignment point 122 at the
top front left corner of the container 120) and tighitmost point (e.g., container misalignment poin
124 at the top front left corner of the contain@0)Lare identified by the misalignment detection

module 812. More specifically, as previously notedrIG. 1A, the container misalignment points



122, 124 are located in a designated region 18@ dhipping industry application, for examplettha
designated region 130 is a three-dimensional (3g)on with an origin defined as the upright
coordinate at the center of the rear axle footpeng., projected onto the ground). The designated
region 130 is defined in the x-axis between -0.21d &.5m. The x-axis is the central axis of the
autonomous vehicle 200 pointing in the directiomPA&M head 210. The designated region 130 is
defined in the y-axis between -1m and 1m. Theig-sxXhe rear wheel axle of the autonomous vehicle
200. In the z-axis, the designated region 13@imdd by (i) the height of the container 120, Z_KIA
minus 0.15m and (ii) the height of the contained,12 MAX. As previously discussed, the height of
the container 120, Z_MAX, is determined by step.506e z-axis is defined to be zero at the ground
and points upwards from ground.

[0037] With the defined designated region 130, at step 882 misalignment detection module
812 identifies (e.g., searches) for candidate pomthin the LIDAR data that are located within
designated region 130. These candidate pointscargdered “valid” for the purposes of identifying
the container misalignment points 122, 124. Frbesé¢ candidate points, the misalignment detection
module 812, at step 604, identifies the leftmoshipas the container misalignment point 122 and the
rightmost point as the container misalignment paiz4.

[0038] FIG. 7 is a process flow diagram 700 illustratingethod for detecting misalignment of a
container loaded onto an autonomous vehicle inrdecae with various embodiments of the present
disclosure. At step 702, data including an indacathat the container is loaded onto the auton@mou
vehicle is received. A scanning device (e.g., LB®DAcanning device 212) mounted on the
autonomous vehicle 200 (e.g., mounted on cabin @4iXures a plurality of data points in the viginit

of the container at step 704. A misalignment deteanodule 812 identifies, at step 706, a firdada
point of the plurality of data points (e.g., con&i misalignment point 122) and a second data point

of the plurality of data points (e.g., containessalignment point 124). the misalignment detection
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module 812 determines, at 708, whether the cont@maisaligned on the autonomous vehicle based
on a height difference between a height of the diasa point (e.g., container misalignment poir2)12
and a height of the second data point (e.g., costanisalignment point 124). An indication of
whether the container is misaligned is providestep 710.

[0039] FIG. 8 illustrates an example container misalignnteection system 800 that processes
input data 820 and generates output data 830 ordacce with various embodiments of the present
disclosure. The input data 820 can be, for exanipé&eLiDAR data points generated by the LIDAR
scanning device 212 or an indication received g&x input or from a gantry crane indicating that th
container 120 is loaded onto the APM trailer 2de container misalignment detection system 800
includes one or more processing systems 810. $&swmge system 810 includes a misalignment
detection module 812, and data storage componeht Bte input data 820 may be received by the
processing system 810 via a communications netveagk, an Internet, an intranet, an extranet, a loc
area network (“LAN”), a wide area network (“WAN"a metropolitan area network (“MAN”), a
virtual local area network (“VLAN”), and/or any ahnetwork. The input data 820 may also be
received via a wireless, a wired, and/or any otyyge of connection. The input data 820 is proa#sse
by the misalignment detection module 812 utilizing algorithms described in detail in FIGs. 5-6.
[0040] Processing system 810 may be implemented usingva@} hardware and/or any
combination of both. Processing system 810 may bésimplemented in a personal computer, a
laptop, a server, a mobile telephone, a smartphenablet, cloud, and/or any other type of device
and/or any combination of devices. The misalignihaetection module 812 may perform execution,
compilation, and/or any other functions on the ingata 820 as discussed in detail in FIGs. 5-6.
[0041] The data storage component 814 may be used faggt@f data processed by processing
system 810 and may include any type of memory,(a.temporary memory, a permanent memory,

and/or the like).
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[0042] Output data 830 can include any data generatekdeomisalignment detection module 812
such as an indication that a corner of a contataanot be found and the like. Output data 830 can
also include any data stored within data storagepoment 814.

[0043] FIG. 9 is a diagram 900 illustrating a sample cotimgu device architecture for
implementing various aspects described herein iolwtertain components can be omitted depending
on the application. A bus 904 can serve as thernmdtion highway interconnecting the other
illustrated components of the hardware. A procegsiystem 908 labeled CPU (central processing
unit) (e.g., one or more computer processors / detaessors at a given computer or at multiple
computers) and/or a GPU-based processing systeroa@ilperform calculations and logic operations
required to execute a program. A non-transitogcessor-readable storage medium, such as read
only memory (ROM) 912 and random access memory (R&M, can be in communication with the
processing system 908 and can include one or mmgrgmming instructions for the operations
specified here. Optionally, program instructioas de stored on a non-transitory computer-readable
storage medium such as a magnetic disk, optic) desordable memory device, flash memory, or
other physical storage medium.

[0044] In one example, a disk controller 948 can interfaitd one or more optional disk drives
to the system bus 904. These disk drives can tegreyt or internal floppy disk drives such as 960,
external or internal CD-ROM, CD-R, CD-RW or DVD, swlid state drives such as 952, or external
or internal hard drives 956. As indicated previguthese various disk drives 952, 956, 960 anll dis
controllers are optional devices. The system Idscan also include at least one communication port
920 to allow for communication with external deagther physically connected to the computing
system or available externally through a wired welgss network. In some cases, the at least one

communication port 920 includes or otherwise cosgwia network interface.
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[0045] To provide for interaction with a user, the subjecatter described herein can be
implemented on a computing device having a disgwice 940 (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaygninformation obtained from the bus 904 via a
display interface 914 to the user and an inputae932 such as keyboard and/or a pointing device
(e.g., amouse or a trackball) and/or a touchsdogavhich the user can provide input to the compute
Other kinds of input devices 932 can be used teigedor interaction with a user as well; for exde)p
feedback provided to the user can be any form o$a@g feedback (e.g., visual feedback, auditory
feedback by way of a microphone 936, or tactilabeek); and input from the user can be received
in any form, including acoustic, speech, or taatiput. The input device 932 and the microphone
936 can be coupled to and convey information veakibs 904 by way of an input device interface
928. Other computing devices, such as dedicatedrse can omit one or more of the display 940 and
display interface 914, the input device 932, theraphone 936, and input device interface 928.
[0046] One or more aspects or features of the subjecemagiscribed herein can be realized in
digital electronic circuitry, integrated circuitrgpecially designed application specific integrated
circuits (ASICs), field programmable gate arrayR@As) computer hardware, firmware, software,
and/or combinations thereof. These various aspedtatures can include implementation in one or
more computer programs that are executable and&rpretable on a programmable system including
at least one programmable processor, which capdigat or general purpose, coupled to receive data
and instructions from, and to transmit data andrucsons to, a storage system, at least one input
device, and at least one output device. The prograble system or computing system may include
clients and servers. A client and server are gdiyeremote from each other and typically interact
through a communication network. The relationsdfiplient and server arises by virtue of computer

programs running on the respective computers anithdpa client-server relationship to each other.
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[0047] These computer programs, which can also be reféored programs, software, software
applications, applications, components, or codelude machine instructions for a programmable
processor, and can be implemented in a high-levetegaural language, an object-oriented
programming language, a functional programming Uagg, a logical programming language, and/or
in assembly/machine language. As used hereirtetihe “machine-readable medium” refers to any
computer program product, apparatus and/or destiay as for example magnetic discs, optical disks,
memory, and Programmable Logic Devices (PLDs), tsguiovide machine instructions and/or data
to a programmable processor, including a machiadakle medium that receives machine
instructions as a machine-readable signal. The terachine-readable signal” refers to any signal
used to provide machine instructions and/or datapgamgrammable processor. The machine-readable
medium can store such machine instructions norsitiaily, such as for example as would a non-
transient solid-state memory or a magnetic hardedar any equivalent storage medium. The
machine-readable medium can alternatively or amlfiy store such machine instructions in a
transient manner, such as for example as wouldeepsor cache or other random access memory
associated with one or more physical processoiscore

[0048] In the descriptions above and in the examples,gaisrauch as “at least one of” or “one or
more of” may occur followed by a conjunctive listedements or features. The term “and/or” may
also occur in a list of two or more elements ortdess. Unless otherwise implicitly or explicitly
contradicted by the context in which it is used;hsa phrase is intended to mean any of the listed
elements or features individually or any of thetegtelements or features in combination with ahy o
the other recited elements or features. For exanipé phrases “at least one of A and B;” “one or
more of A and B;” and “A and/or B” are each intedde mean “A alone, B alone, or A and B
together.” A similar interpretation is also intexdfor lists including three or more items. For

example, the phrases “at least one of A, B, and'@j& or more of A, B, and C;” and “A, B, and/or
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C” are each intended to mean “A alone, B alonelo@ea A and B together, A and C together, B and
C together, or A and B and C together.” In additiose of the term “based on,” above and in the
examples is intended to mean, “based at leastriropd’ such that an unrecited feature or elemgnt i
also permissible.

[0049] The subject matter described herein can be embaodisgstems, apparatus, methods,
and/or articles depending on the desired configamatThe implementations set forth in the foregoin
description do not represent all implementationssient with the subject matter described herein.
Instead, they are merely some examples consistdnagpects related to the described subject matter
Although a few variations have been described taibdabove, other modifications or additions are
possible. In particular, further features and/nations can be provided in addition to thosdah
herein. For example, the implementations descrdi¥Ve can be directed to various combinations
and subcombinations of the disclosed features amdfmbinations and subcombinations of several
further features disclosed above. In addition,ltiggc flows depicted in the accompanying figures
and/or described herein do not necessarily reqhegarticular order shown, or sequential order, to
achieve desirable results. Other implementatioayg lbe within the scope of the following examples.
[0050] Examples:

[0051] 1. A method for detecting misalignment of a camaioaded onto an autonomous vehicle,
the method comprising: receiving data comprisingnalication that the container is loaded onto the
autonomous vehicle; capturing, by a scanning davicented on the autonomous vehicle, a plurality
of data points in the vicinity of the containereidifying, by a misalignment detection module,ratfi
data point of the plurality of data points and aosel data point of the plurality of data points;
determining, by the misalignment detection modwkagether the container is misaligned on the
autonomous vehicle based on a height differencedmet a height of the first data point and a height

of the second data point; and providing an indosatf whether the container is misaligned.
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[0052] 2. The method of example 1, wherein the contaisemisaligned when the height
difference is greater than a height differencesthotd.

[0053] 3. The method of example 1, wherein the first gaiat is located on a top front left corner
of the container and the second data point is éotcah a top front right corner of the container.
[0054] 4. The method of example 1, further comprisingnidging, using a misalignment
detection module, heights associated with eacthefpiurality of data points; and identifying a
maximum height of the plurality of data points tdafines a rooftop of the container.

[0055] 5. The method of example 1, wherein the pluralftgdata points comprises a plurality of
light and detection ranging (LIDAR) data points.

[0056] 6. The method of claim 4, wherein the first datanp and the second data point are
identified from a subset of the plurality of dataps located within a designated three-dimensional
region surrounding the container.

[0057] 7. The method of claim 6, wherein the first datanpand the second data point are further
identified from the subset based on a height thgréater than the maximum height minus an error
correction value.

[0058] 8. The method of example 1, wherein the autononvehscle comprises a head and a
trailer for loading of the container, and the séagrdevice is a light and detection ranging (LiDAR)
scanning device mounted on a center line of the.hea

[0059] 9. The method of example 9, wherein the LIDAR swag device is mounted
perpendicular to a top of the head of the autonavedhicle.

[0060] 10. The method of example 1, wherein the autonevehicle is an autonomous prime

mover.
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[0061] 11. The method of example 1, wherein the contasautomatically loaded or unloaded
onto the autonomous vehicle without manual intetieenby a gantry crane, and the indication is
provided by either the gantry crane or user input.

[0062] 12. The method of example 1, wherein when theaioet is misaligned, an alarm is
triggered to facilitate human-aided manual re-logdor unloading of the container onto the
autonomous vehicle.

[0063] 13. A system for detecting misalignment of a corgaloaded onto an autonomous vehicle,
the system comprising: at least one data processor;memory storing instructions, which when
executed by at least one data processor, resofigrations for implementing operations comprising:
receiving data comprising an indication that thetamer is loaded onto the autonomous vehicle;
capturing, by a scanning device mounted on thenamous vehicle, a plurality of data points in the
vicinity of the container; identifying, by a misgtiment detection module, a first data point of the
plurality of data points and a second data pointhef plurality of data points; determining, by the
misalignment detection module, whether the contagmisaligned on the autonomous vehicle based
on a height difference between a height of the fieda point and a height of the second data point;
and providing an indication of whether the contaisenisaligned.

[0064] 14. The system of example 13, wherein the contamenisaligned when the height
difference is greater than a height differencesthotd.

[0065] 15. The system of example 13, wherein the firsa g@int is located on a top front left
corner of the container and the second data polnotated on a top front right corner of the careai
[0066] 16. The systems of example 13, wherein the omerafurther comprise identifying, using
a misalignment detection module, heights associaitd each of the plurality of data points; and

identifying a maximum height of the plurality oftdgpoints that defines a rooftop of the container.
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[0067] 17. The system of claim 16, wherein the first dadant and the second data point are
identified from a subset of the plurality of dataps located within a designated three-dimensional
region surrounding the container based on a hégltis greater than the maximum height minus an
error correction value.

[0068] 18. The system of example 13, wherein the automsnehicle comprises a head and a
trailer for loading of the container, and the séagrdevice is a light and detection ranging (LIiDAR)
scanning device mounted on a center line of thel,haad wherein the LIDAR scanning device is
mounted perpendicular to a top of the head of thereomous vehicle.

[0069] 19. The method of example 1, wherein the autonenvehicle is an autonomous prime
mover.

[0070] 20. A non-transitory computer program product siginstructions which, when executed
by at least one data processor forming part oéastlone computing device, implement operations
comprising: receiving data comprising an indicatioat the container is loaded onto the autonomous
vehicle; capturing, by a scanning device mountetherautonomous vehicle, a plurality of data points
in the vicinity of the container; identifying, bymaisalignment detection module, a first data point
the plurality of data points and a second datatpithe plurality of data points; determining, tine
misalignment detection module, whether the contagmisaligned on the autonomous vehicle based
on a height difference between a height of the flega point and a height of the second data point;

and providing an indication of whether the contaisenisaligned.
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