SUSPENDED LOAD DETECTION FOR AUTONOMOUSVEHICLES

TECHNICAL FIELD
[0001] The subject matter described herein relates tatiiegeof suspended loads 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 industtieat 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. 1 is a block diagram illustrating an autonosiaxghicle maneuvering about an
environment in accordance with various embodimehtke present disclosure.
[0005] FIG. 2 is a block diagram illustrating a shippir@teenvironment including a crane having
a suspended load and autonomous vehicles manegvérarein in accordance with various
embodiments of the present disclosure.
[0006] FIG. 3 is a block diagram illustrating another epégrshipping port environment including
two cranes (e.g., load bearing device) moving sudpe loads (e.g., suspended load) and autonomous
vehicles maneuvering therein in accordance witiouarembodiments of the present disclosure.
[0007] FIG. 4 is a diagram illustrating a side view ofexample crane in accordance with various
embodiments of the present disclosure.
[0008] FIG. 5A is a diagram illustrating a side view of akample autonomous vehicle for

transporting containers in accordance with varembodiments of the present disclosure.



[0009] FIG. 5B is a diagram illustrating a top view of tbgample autonomous vehicle for
transporting containers in accordance with variemdodiments of the present disclosure.
[0010] FIG. 6 is a diagram illustrating a side view of@mample APM head in accordance with
various embodiments of the present disclosure.
[0011] FIG. 7 is a diagram illustrating a top view of niplé LIDAR scanning zones that
cumulatively form a 360-degree LIDAR scanning zasfean example autonomous vehicle in
accordance with various embodiments of the predientosure.
[0012] FIGs. 8A-8B is a process flow diagram illustratiagnethod of detecting features of a
suspended load in accordance with various embodioéithe present disclosure.
[0013] FIG. 9 is a process flow diagram illustrating stppsformed by a point detection module
of autonomous vehicle in accordance with varioub@iments of the present disclosure.
[0014] FIG. 10 is a process flow diagram illustrating atlmel for detecting a suspended object
by an autonomous vehicle in accordance with varesabodiments of the present disclosure.
[0015] FIG. 11 illustrates an example suspended load tietesystem that processes input data
and generates output data in accordance with \@embodiments of the present disclosure.
[0016] FIG. 12 is a diagram illustrating a sample compytevice architecture for implementing
various aspects described herein in which certamponents can be omitted depending on the
application.

SUMMARY
[0017] In one aspect, method for detecting a suspended hlya an autonomous vehicle
maneuvering about an environment includes recejviram a scanning device mounted on and
perpendicular to a top surface of the autonomotrichee a plurality of data points surrounding the
autonomous vehicle. A point detection module dstetether an object is present within a detection

range of the autonomous vehicle by: clustering stshsf the plurality of data points and determining



whether at least one clustered subset of the ipdldata points is within the detection randgased

on the object being present within the detectiorgea at least three features are extracted from the
object to detect whether the object is a suspeladatl The maneuvering of the autonomous vehicle
is controlled based on detection of the suspenakzd |

[0018] In some variations, the controlling includes hgtmaneuvering of the autonomous vehicle
when (i) the object is detected as the suspendad dmd (ii) the autonomous vehicle is within a
predetermined range of the suspended load.

[0019] In other variations, the detecting presence ofdhgect can include: identifying a first
portion of the plurality of data points that aregent to either the left or the right of a cenitee bf

the autonomous vehicle and determining whetherodmata points in the first portion are within (i)

a first predetermined distance in front of the aotaous vehicle and (i) a first predetermined heigh
range. A first feature of the object can be idesdibased on presence of any data point of tisé fir
portion within the first predetermined distance #mel predetermined height range. The determining
can be repeated for a second portion of the ptyralidata points that are present on an opposiee s
of the center line than the first portion basechone of the data points in the first portion beiithin

the first predetermined distance and the first preanined height range. Based on the first feature
being identified the detecting presence of the algan further include determining whether any of
data points in the first portion are within a set@nedetermined distance in front of the autonomous
vehicle that is behind the first feature. A secdeature of the object can be identified based on
presence of any data point of the first portiorhwithe second predetermined distance. Basedeon th
second feature being identified the detecting presef the object can further include determining
whether any of data points in the first portion aithin a second predetermined height range. The
object can be identified as the suspended loadiposd between the first feature and the second

feature based on presence of any data point dirft@ortion within the second predetermined heigh



range. Based on none of the data points in tke gdiortion being within the second predetermined
distance or the second predetermined height rahgejetecting presence of the object can further
include determining whether any of data points inrseecond portion are within (i) the first
predetermined distance in front of the autonomaimscle and (ii) the first predetermined height rng
The first feature of the object can be identifiebéd on presence of any data point of the second
portion within the first predetermined distance ahd predetermined height range. The second
portion of the plurality of data points can includata points that are present on an opposite $ide o
the center line than the first portion.

[0020] In some variations, when the plurality of data pe#re not within the detection range, the
controlling can include maintaining the maneuveh¢he autonomous vehicle.

[0021] In other variations, the scanning device can bagla bnd detection ranging (LIDAR)
device and the plurality of data points can incladgurality of LIDAR data points.

[0022] In some variations, the clustering can include iifygng a subset of the plurality of data
points located within a designated region, deteimginvhether the subset is greater than a threshold
value, and based on the subset being greatertieahreshold value, generating a plurality of @ust
among the subset based on distances between dagtod#. Coordinates of the plurality of clusters
can be provided by the point detection modules¢éosuspended load detection module.

[0023] In other variations, method can include filterihg plurality of data points to remove any
data points that fall within a predetermined regidthe environment so as to exclude load stacks.
[0024] In some variations, the autonomous vehicle cannbautdonomous prime mover and the
environment can be a shipping port environment.

[0025] Non-transitory computer program products (i.e.,sptglly embodied computer program
products) are also described that store instrustiovhich when executed by one or more data

processors of one or more computing systems, Gdusast 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 awection 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 ohth#iple computing systems, etc.

[0026] 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

[0027] Autonomous vehicles operate with minimal to no hnnmteraction. 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 moviiggpisiy containers around in a shipping port. In
these examples, the goods and shipping contaimersxample loads for the autonomous vehicles.
Depending on the size and/or weight of loads, 8eaf a crane or crane system may be necessary to
place the load onto an autonomous vehicle or rertftvébads from an autonomous vehicle. Cranes
can be used to lift or move loads as well as hb&llbads. In each of these cases, the loads are

considered to be suspended when they are in tlegs®f being lifted from either the ground or a



docking location (e.g., trailer of an autonomousigie or a storage stack). There are dangers
associated with suspended loads. For exampleg€m@an malfunction causing a suspended load to
drop. A load can also be misplaced by crane.ld&d drops, it can cause damages to the load mand/o
its surroundings. To avoid such dangers, precasitan be taken such as preventing maneuvering of
people and/or autonomous vehicles while a loadispended. The subject matter described herein
provides systems, methods, and computer-progranenpabtiucts for autonomous vehicles to detect
suspended loads. The precision described hereynnoiabe attainable by humans due to lack of
visibility and positional feedback of human eyes.

[0028] FIG. 1 is a block diagram illustrating an autonoseehicle 110 maneuvering about an
environment 100 in accordance with various embodimef the present disclosure. Using the various
algorithms and devices described herein, the autons vehicle 110 can detect objects such as a
suspended load 120 that are within a certain \iciofi the autonomous vehicle 110. The suspended
load 120 can be suspended in the air, for exarbpgle,load bearing device 140. When the object is
identified as a suspended load 120, the autonorehisle 130 can control its own maneuvering (e.g.,
by applying a braking mechanism of the autonomeaiscle 130 or halting further acceleration) when
it is within a stopping range 130 from the suspehidad 120. The halting of any maneuvering of the
autonomous vehicle 110 can continue until the sudpe load 120 is no longer detected to be within
the stopping range 130.

[0029] FIG. 2 is a block diagram illustrating a shippingrtpenvironment 200 including a crane
210 (e.g., load bearing device 140) having a susgmbroad 220 (e.g., suspended load 120) and
autonomous vehicles 230, 240 maneuvering thereat@ordance with various embodiments of the
present disclosure. Any number of autonomous Yehguch as autonomous vehicles 230, 240, 250,
260 can maneuver about shipping port environmef@it 28utonomous vehicles 230, 240, 250, 260

can be used to transport loads such as contaiagys ¢ontainers 242, 244) about the shipping port



environment 200. Loads are often stored in a sihgpport environment 200 in a number of stacks
such as load stacks 270. A load bearing devicestidh as a crane 210 can be used to arrange loads
into load stacks 270. The crane 210 can placad dmto an autonomous vehicle by picking it up
from one of the load stacks 270 and placing it @rt@utonomous vehicle. The crane 210 can also
remove a load from an autonomous vehicle by picking from the autonomous vehicle and placing
it onto an existing load stack or placing it orfte ground to create a new load stack. The cra@ge 21
in some embodiments, is a gantry crane. In thenpl@shipping port environment 200 illustrated in
FIG. 2, a suspended load 220 is being moved betaetmomous vehicle 250 and load stacks 270.
Autonomous vehicle 250 is stationary and parkethire O of the shipping port environment 200.
Similarly, autonomous vehicle 260 is stationary patked in lane 1 of the shipping port environment
200.

[0030] A load being moved by the crane 210 is known asspended load 220. Suspended load
220 is moved using a spreader 212 of the crane Edfsafety reasons, autonomous vehicles within
a vicinity of the suspended load 220 are not péechito drive past the suspended load 220. Thds is
avoid, for example, damage to the autonomous \elbichny loads the autonomous vehicle may be
transporting. Autonomous vehicles within a vigmitf the suspended load 220 are to stop a certain
distance away from the suspended load 220. Fanghea autonomous vehicle 230 has a detection
range 232 (e.g., 20-30 meters in the x-axis) witkimch it can detect any objects such as crane 220
and suspended load 220. The autonomous vehiclel@@@ts objects within detection range 232
using features extracted from the crane 210 andubpended load 220, as described in more detalil
in FIGs. 8A-8B. For safety purposes, the autonasneehicle 230 should stop when it is within a
stopping range 222 (e.g., 10-15 meters in the g}aian object that is identified as the suspended
load 220. This stopping range 222 is defined ashttrizontal distance from a front bumper of the

autonomous vehicle 230 to the suspended load 220@ther words, when the autonomous vehicle



230 detects that an object that is identified asstispended load 220 is within the stopping ra2ge 2

it can halt any further maneuvering by, for exampksasing acceleration of the autonomous vehicle
230 and/or applying a braking mechanism of therautwus vehicle 230. The stopping range 222 is
defined to be a predetermined distance from theeswded load 220. Once the suspended load 220 is
no longer detected within the stopping range 22@. (& has been secured onto autonomous vehicle
250 or placed into a load stack 270), the autonenvehicle 230 can resume its maneuvering about
the shipping port environment 200.

[0031] Each autonomous vehicle has its own detection raleg@ed by sensing capabilities
and/or position of one or more sensing deviceshenatitonomous vehicle. The safety range to the
suspended load 220 is the same for all autonomehisles. For example, autonomous vehicle 240
has a detection range 246 defined by the senswigetemounted onto autonomous vehicle 240. As
illustrated in FIG. 2, there is no suspended loatected within the detection range 246 and
autonomous vehicle 240 can continue to maneuvdrrwghipping port environment 200. When
navigating in a shipping port environment 200, atbaomous vehicle passes to the left of the crane
210 or to the right of the crane 210. The suspenoad 220 is typically positioned underneath the
crane 210. An autonomous vehicle utilizes a sudg@toad detection system 1100 to extract features
from the crane 210 and/or the suspended load 28@er to detect the presence of a suspended load
220.

[0032] FIG. 3 is a block diagram illustrating another epdanshipping port environment 300
including two cranes 310, 320 (e.g., load beariegak 140) moving suspended loads 312, 314 (e.g.,
suspended load 120) and autonomous vehicles 330, 30, 360, 370 maneuvering therein in
accordance with various embodiments of the predisntosure. Shipping port environment 300 can
include lanes designated for autonomous vehicl@atk and onload or offload loads. For example,

shipping port environment 300 can includes laneith atationary autonomous vehicle 340 parked



therein, lane 1 with stationary autonomous vehR¥ parked therein, lane 2 with stationary
autonomous vehicle 360 parked therein, and lan&l8 stationary autonomous vehicle 370 parked
therein. Each lane (e.g., lane 0, lane 1, lafen2, 3) are defined by the cranes 310, 320 suc¢hhba
lane is underneath a loading area of the respectaree.

[0033] Autonomous vehicles 330, 380 are maneuvering abewghipping port environment 300.
Autonomous vehicle 330 has a detection range 382 @0-30 meters in the x-axis) within which it
can detect any objects such as crane 310, suspatkdl2, and load stacks 370. The autonomous
vehicle 330 detects objects within detection raB@g@ using features extracted from the crane 3%0, th
suspended load 312, and load stacks 370 as dasanibeore detail in FIGs. 8A-8B. Some extracted
features such as those from load stacks 370 mélgdyed out by the point detection module 814 for
the purpose of identifying the suspended load FA@. safety purposes, the autonomous vehicle 330
should stop when it is within a stopping range 834., 10-15 meters in the x-axis) of the suspended
load 220. This stopping range 334 is defined ashttrizontal distance from a front bumper of the
autonomous vehicle 330 to the suspended load 8i2ther words, when the autonomous vehicle
330 detects that an object identified as a suspklodel 312 is within the stopping range 334, it can
halt any further maneuvering by, for example, aggany acceleration of the autonomous vehicle 330
and/or applying a braking mechanism of the auton@neehicle 330. The stopping range 334 is
defined to be a predetermined distance from theeswded load 312. Once the suspended load 312 is
no longer detected within the stopping range 334.,(é& has been secured onto autonomous vehicle
340 or placed into a load stack 370), the autonenvehicle 330 can resume its maneuvering about
the shipping port environment 300.

[0034] Similarly, autonomous vehicle 380 has a detectammge 382 (e.g., 20-30 meters in the x-
axis) within which it can detect any objects sushceanes 310, 320, suspended load 314, and load

stacks 370, 390. The autonomous vehicle 380 detbcts within detection range 382 using features



extracted from cranes 310, 320, suspended loada@it4load stacks 370, 390 as described in more
detail in FIGs. 8A-8B. Some extracted featurehsag those from the load stacks 370, 390 may be
filtered out by the point detection module 814 ttoe purpose of identifying the suspended load 314.
For safety purposes, the autonomous vehicle 380ldstop when it is within a stopping range 384
(e.g., 10-15 meters in the x-axis) of the susperaksdi 314. This stopping range 384 is definedhas t
horizontal distance from a front bumper of the aotoous vehicle 380 to the suspended load 314. In
other words, when the autonomous vehicle 380 dethet an object identified as a suspended load
314 is within the stopping range 384, it can hait further maneuvering by, for example, ceasing any
acceleration of the autonomous vehicle 380 angiplyang a braking mechanism of the autonomous
vehicle 380. The stopping range 384 is definede@ predetermined distance from the suspended
load 314. Once the suspended load 314 is no lategected within the stopping range 384 (e.g., it
has been secured onto autonomous vehicle 360 ce@lato a load stack 390), the autonomous
vehicle 380 can resume its maneuvering about tippisiy port environment 300.

[0035] FIG. 4 is a diagram illustrating a side view of@mample crane 400 in accordance with
various embodiments of the present disclosure. déscribed in more detail in FIGs. 8-9, the
suspended load detection system 1100 can extratcirés from objects detected by an autonomous
vehicle (via its scanning devices). These feataesinclude a front plate 410 of crane 400, a rear
plate 420 of crane 400, spreader 430, and/or eeadsg load 440. The front plate 410 and rear plate
420 of crane 400 are defined based on the driviregtion of the autonomous vehicle. For example,
the first plate an autonomous vehicle comes acwdste travelling along the driving direction
annotated in FIG. 4 is defined as the front platad the second plate an autonomous vehicle comes
across while traveling along the driving directemmotated in FIG. 4 is defined as the rear plate.
[0036] FIG. 5A is a diagram illustrating a side view of example autonomous vehicle 500 for

transporting containers in accordance with varembodiments of the present disclosure. FIG. 5B is
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a diagram illustrating a top view of the exampléoaomous vehicle 500 for transporting containers
in accordance with various embodiments of the pitedisclosure. The example autonomous vehicle
500 of FIGs. 5A-5B is specific to the shipping istly. However, it can be appreciated by those of
ordinary skill in the art that this is merely anaexple for illustrative purposes. In a shippingtpor
environment 200 such as a container transshipméntdn example autonomous vehicle 500 is an
autonomous platform mover (APM) such as an automnsmmime mover. In this example, the
autonomous vehicle 500 includes an APM head 51Gar&PM trailer 520. One or more containers
(e.g., containers 242, 244) can be placed on ARNetr520 for securement and transport using crane
210. For the purpose of illustration and easenafeustanding, no containers are illustrated in FIGs
5A-5B. Mounting and/or offloading containers othe APMs can be performed by an external entity
such as crane 210.

[0037] The APM head 510 includes a cabin 513 housing releics for operation of the
autonomous vehicle 500, including the suspendedl detection system 1100 described in FIG. 11.
The APM head 510 can include one or more LIDAR soandevices 512, 514, 516, 518 mounted
thereon. More specifically, LIDAR scanning deviéd2, 514 are mounted on a centerline 530 of the
APM head 510 on top of the cabin 513 (e.qg., leftnsode edge of the cabin 513). LiDAR scanning
device 512 is the center point for defining theedgbn range (e.g., detection ranges 232, 246) of
autonomous vehicle 500. LiDAR scanning device B42 a view of the area behind the autonomous
vehicle 500. The mounting and positioning of the one or more ARDscanning devices 512, 514,
516, 518 is described in more detail in FIG. 6.e Bime or more LIDAR scanning devices 512, 514,
516, 518 can perform scanning to collect data goasisociated with a suspended load 220 being
moved by crane 210. At least some, if not allleztéd data points (e.g., LIDAR points) are proedss

by the suspended load detection module 1112 asildleddn detail in FIGs. 8-9.
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[0038] FIG. 6 is a diagram illustrating a side view of@mample APM head 600 in accordance
with various embodiments of the present disclosukeLiDAR scanning device 610 (e.g., LIDAR
scanning device 512 of FIG. 5A) is mounted on daser620 of the APM head 600 (e.g., cabin 513)
via a mounting bracket 615. Mounting bracket 6d&litates the positioning of a LIDAR scanning
device 610 approximately perpendicular to the s@20 of the APM head 600. LiDAR scanning
devices 514, 516, 518 are oriented in a horizomahner (e.g., parallel orientation). The
perpendicular orientation of the LIDAR scanningidev610 coupled with multiple LIDAR scanning
devices 610 (e.g., equivalent to LIDAR scanningice\b1?2), 514 516, 518 enables scanning of
approximately 360-degrees surrounding the autonsmahicle 500, to any objects within the
detection range 232. More specifically, FIG. aidiagram 700 illustrating a top view of multiple
LiDAR scanning zones 710a, 710b, 710c, 710d theautatively form a 360-degree LIDAR scanning
zone 710 of an example autonomous vehicle in aeo@ewith various embodiments of the present
disclosure. LiDAR scanning zone 710a is facilitaby the positioning of LIDAR scanning device
518. LIiDAR scanning zone 710b is facilitated b thositioning of LIDAR scanning device 516.
LiDAR scanning zone 710c is facilitated by LiDARasming device 512. LIiDAR scanning zone 710d
is facilitated by LIDAR scanning device 514. Th#®AR points detected within the 360-degree
LiDAR scanning zone 710 (e.g., LIDAR scanning zohasing visibility of the suspended load 220
including LIDAR scanning zones 710a, 710b, 710€djican be processed by the suspended load
detection system 1100 described in detail in FIG. 1

[0039] FIGs. 8A-8B is a process flow diagram 800 illusirgta method of detecting features of a
suspended load in accordance with various embodgradrithe present disclosure. The method is
performed by the suspended load detection modul® llustrated in FIG. 11. In order for an
autonomous vehicle such as autonomous vehicle gutpnomous vehicles 230, 240, 330, 380) to

detect a suspended load (e.g., suspended load8220314), LIDAR data is collected, at step 802,
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from one or more of the LiDAR scanning devices ™4, 516, 518. Each of the steps that follow
step 802 can utilize the point detection module41ddd its corresponding point detection algorithm
described in FIG. 9 to identify objects such asgdde.g., front plate 410, rear plate 420) of er&0.

As previously discussed in FIG. 2, autonomous \lekisavigating about a shipping port environment
(e.g., shipping port environments 200, 300) passae (e.g., cranes 210, 310, 320) on either the le
side or the right side. In other words, the sudpdnoad (e.g., suspended loads 220, 312, 314) is
either on the left side of the autonomous vehiclerothe right side of the autonomous vehicle. The
centerline 530 can be used to divide, at step 804,detected LIDAR points into left points (e.g.,
points falling to the left of the centerline 53@)daright points (e.g., points falling to the righftthe
centerline 530). Because the suspended load 28pically under the crane (e.g., cranes 210, 310,
320), the position of the crane is first identifie@he crane is typically the tallest object irhgging

port environment and the height of the crane imewh value. For example, in a shipping port
environment, the height of the crane can be 25-23Mdit has a number of components such as crane
plates (e.g., front plate 410, rear plate 420)onfthe left points, it can be determined, at st@@, 8
whether an object is detected within a certainadise (e.g., 30m) in front of the autonomous vehicle
(e.g., in the x-direction) at a particular heighty, 24-28m in the z-direction). If an objectietected
within this predetermined distance at a partichksight, it is identified as a feature of the craneh

as a crane plate (e.qg., front plate 410 of cra®3.48t step 810, the left points can be furthealgred

to determine whether an object is detected in fadrthe autonomous vehicle, behind the detected
feature of the crane. More specifically, it can determined whether left points within another
predetermined distance (e.g., 18-22m) in fronthefdutonomous vehicle at a particular height (e.qg.,
24-28m in the z-direction), just behind the detédtature of the crane are present. If thereedte |
points within this predetermined distance in frohthe autonomous vehicle, just behind the detected

feature of the crane, then the detected featuaerésmr plate 420 of the crane 400. With at least t
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features (e.g., front plate 410, rear plate 42@hefcrane detected, still using the left poiritsan be
determined, at step 814, whether an object is thtdietween the plates at a plate separation height
(e.g., between 4-23m). If an object is detectddben the plates, it is determined that the detlecte
object is the suspended load at step 818. Abseobjact being detected between the plates, the rig
points are considered at step 808.

[0040] In any of steps 806, 810, and 814, if an objectas detected within the left points as
described in the respective steps, then the rigintgare considered. For example, returning back
step 806, if an object is not detected within thedetermined distance at particular height in fiafint
the autonomous vehicle, then the right points arsiclered at step 808. Similarly, if an objeatas
detected behind the autonomous vehicle in stept8&@,the right points are considered at step 808.
Lastly, if an object is not detected at step 81#vben the crane plates identified in steps 806tegut
810, then the right points are considered at si&p 8

[0041] Step 808, step 812, and step 816 mirror the arsapesiformed in step 806, step 810, and
step 814, respectively, using the right pointsgsosed to the left points. More specifically, frime
right points, it can be determined, at step 808 tivar an object is detected within a certain dstan
(e.g., 30m) in front of the autonomous vehicle (argthe x-direction) at a particular height (e 2y-
28m in the z-direction). If an object is detecteithin this predetermined distance at a particular
height, it is identified as a feature of the craneh as a crane plate (e.g., front plate 410 oiec80).

At step 812, the right points can be further anadiyto determine whether an object is detectecbmt fr
of the autonomous vehicle, behind the detectedufeatf the crane. More specifically, it can be
determined whether right points within another ptednined distance (e.g., 18-22m) in front of the
autonomous vehicle at a particular height (e.g:2& in the z-direction), just behind the detected
feature of the crane are present. If there are pggints within this predetermined distance imfrof

the autonomous vehicle, just behind the detectatlife of the crane, then the detected feature is a
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rear plate 420 of the crane 400. With at leastfembures (e.g., front plate 410, rear plate 42@he
crane detected, still using the right points, it ¢ee determined, at step 816, whether an object is
detected between the plates at a plate separaightt{e.g., between 4-23m). If an object is deidc
between the plates, it is determined that the tldeubject is the suspended load at step 818nyin a
of step 810, step 812, and step 816, if an obgectot detected within the right points, then it is
determined that no suspended load is detecte@@i820. With no suspended load detected at step
820, the autonomous vehicle may continue with émeuvering. Alternatively, if a suspended load
is detected at step 818 and that suspended lagithis the stopping range, the autonomous vehicle
maneuvering is halted through, for example, autanayplication by the autonomous vehicle of its
braking mechanism. The steps within the process tliagram 800 can be repeated to determine
whether the detected suspended load is still ptegiénin the stopping range. Once the suspended
load is no longer detected (e.g., at step 820)atitenomous vehicle can resume its maneuvering
about the shipping port environment 200.

[0042] For the autonomous vehicle 380, the definitiontheffront plate 410 at step 808 and the
rear plate 420 at step 812 are the same as thagepa 806 and 810, but with respect to different
cranes 310, 320 with step 806 and step 810 exitabdtiatures of the crane 310 on the left side of
autonomous vehicle 380 and step 808 and step 8t&carg features of the crane 320 on the right
side of the autonomous vehicle 380.

[0043] FIG. 9 is a process flow diagram 900 illustratingps performed by a point detection
module 1114 of autonomous vehicle 500 in accordawitie various embodiments of the present
disclosure. For ease of understanding and illtistrgpurposes only, FIG. 9 is discussed with rafeee

to the shipping industry example. However, it barappreciated by those of ordinary skill in thie ar
that such example can be applicable to any industscenario where containers are loaded onto an

autonomous vehicle.
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[0044] In order to determine whether a suspended loacetscted, points to the left of the
autonomous vehicle (e.g., left points) and poiotshe right of the autonomous vehicle (e.g., right
points) are first identified. LIDAR points are abted using LIDAR data from the LIDAR scanning
device(s) 512, 514, 516, 518 at step 902. The IRDgkanning data is made up of a number of
individual LIDAR data points. The LIiDAR data pasrdire considered features that are extracted from
an object such as crane 210 or components of #me@10. The LIDAR data points are filtered into
a group of valid LIDAR data points that could pdtally be either the suspended load 220 or
components of the crane 210. This group of valldAR data points is determined based on map
information of the shipping port environment 200bjects that are at the predetermined detection
height of 4-28 m within the shipping port environthare known to be one of the suspended load 220,
the spreader 212, crane 210 (or components thedf)e load stacks 270. The objects of interest
when detecting a suspended load 220 include theesded load 220, the spreader 212, and the crane
210 (or components thereof). These data pointsnade up the group of valid LIDAR data points to
start, which can be further refined through addaidfiltering. For example, the load stacks 27® ar
not of interest when detecting suspended load€andbe filtered out from the group of valid LIDAR
data points. The location of the load stacks 84hbwn to be a stagnant location and can be marked
on a map of the shipping port environment 200. AMYAR points falling within the location of the
load stacks 270, for example, can be filtered adttherefore not included within the subset ofdali
data points by the point detection module 1114 adceelerate the filtering process, the point deiact
module 1114 searches at step 904 for valid LIDAR @aints that fall within the boundaries specified
in the appropriate step (e.g., any of the boundariesteps 806, 808, 810, 812, 814, 816). The
suspended load detection module 1112 scans thectaadl LIDAR data points at step 904 for a subset
of data points within these designated rangesdefermine whether an object is detected, the number

of data points in the subset is compared to ahlotdslata point value at step 906. This thresbald

-16-



point value is set based on object of interest. eikample, in the context of the shipping industing,
number of LIDAR data points in the designated ragggreater than 70 in order for effective object
detection. If the number of valid LIDAR data paing less than or equal to the threshold data point
value, then it is determined by the point detectirmdule 1114 that an object cannot be found at step
908 and the point detection module 1114 generatggibdata indicating same.

[0045] If the number of valid LIDAR data points is greatiean the threshold data point value, the
point detection module 1114 clusters the subsef@AR data points based on the Euclidean distance
between each LiDAR data point in the subset, gt 0. The Euclidean distance in a three-

dimensional space is defined as:

d®,q) = /(a1 —p1)? + (@2 = P2)* + (g3 — P3) (1)

wherep andg each represent a different LIDAR data point ingbhbset having coordinates,(p2, p3)

and @, g2, 3), respectively. Clusters are formed using a Eeeln distance threshold. A LiDAR
data point is added to an existing cluster if theimum Euclidean distance between the LIDAR data
point and other LIDAR data points within the exigticluster is less than the Euclidean distance
threshold. Otherwise, a new cluster is formed whtit LIDAR data point.

[0046] The point detection module 1114 outputs a posibbtine cluster (e.g., center coordinate
of the cluster) at step 912 based on a calculatethge of the LIDAR data points within the selected
cluster. If there is a cluster present within theges defined in an appropriate step 806, 808, 810
812, 814, or 816, then an object is detected bypthet detection module 1114. The suspended load
detection module 1112 utilizes the detected objectarther identify the object as a front plated41
of crane 400, a rear plate 410 of crane 400, aispended load 440 as previously discussed in FIGs.
8A-8B.

[0047] FIG. 10 is a process flow diagram 1000 illustratnmethod of detecting a suspended load

by an autonomous vehicle maneuvering about an @mwent in accordance with various
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embodiments of the present disclosure. A pluralitgata points surrounding the autonomous vehicle
230 are received, at step 1002, from at least caensng device 610 mounted on and perpendicular
to a top surface 620 of the autonomous vehicle 39@oint detection module 1114 detects, at step
1104, whether an object is present within a detaatange 232 of the autonomous vehicle 220 by:
clustering subsets of the plurality of data poard determining whether at least one clusteredesubs
of the plurality of data points is within the deiea range 232. Based on the object being present
within the detection range 232, extracting, at $t@6, at least three features (e.g., first feadudh

as the plate of crane 210, second feature suchaaglate of crane 210, and third feature such as
suspended load 220 between plates of crane 21@) thhe object to detect whether the object is a
suspended load 220. The maneuvering of the autom®wehicle is controlled, at step 1008, based
on detection of the suspended load 220.

[0048] FIG. 11 illustrates an example suspended load tietesystem 1100 that processes input
data 1120 and generates output data 1130 in acwwdaith various embodiments of the present
disclosure. The input data 1120 can be, for exanipe LIiDAR data points generated by any of the
LiDAR scanning devices 512, 514, 516, 518. Th@ended load detection system 1100 includes one
or more processing systems 810. Processing syistéfincludes a suspended load detection module
1112, a point detection module 1114, and datagtotamponent 1116. The input data 1120 may be
received by the processing system 1110 via a conuaiions network, e.g., an Internet, an intranet,
an extranet, a local area network (“LAN”), a wideanetwork (“WAN”), a metropolitan area network
(“MAN"), a virtual local area network (“VLAN”), antbr any other network. The input data 1120
may also be received via a wireless, a wired, araiiyg other type of connection. The input data0112
is processed by the suspended load detection mad@zand/or the point detection module utilizing

the algorithms described in detail in FIGs. 8-9.
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[0049] Processing system 1110 may be implemented usingves®ef, hardware and/or any
combination of both. Processing system 1110 msy bé implemented in a personal computer, a
laptop, a server, a mobile telephone, a smartphonablet, cloud, and/or any other type of device
and/or any combination of devices. The suspendad Hetection module 1112 and/or the point
detection module may perform execution, compilgtenmd/or any other functions on the input data
1120 as discussed in detail in FIGs. 8-9.

[0050] The data storage component 1116 may be used fagstof data processed by processing
system 1110 and may include any type of memory,(@.gemporary memory, a permanent memory,
and/or the like).

[0051] Output data 1130 can include any data generatedebguspended load detection module
1112 and/or the point detection module 1114 sudbdetification of point clusters for left points o
right points or an indication that there is a susjeel load present within the detection range of the
autonomous vehicle or within a stopping distan@eitput data 1130 can also include an alert that a
suspended load is detected, an indication to si@@aatonomous vehicle, any data stored within data
storage component 1116, or the like.

[0052] FIG. 12 is a diagram 1200 illustrating a sample potimg device architecture for
implementing various aspects described herein iolwtertain components can be omitted depending
on the application. A bus 1204 can serve as tf@nmation highway interconnecting the other
illustrated components of the hardware. A processystem 1208 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 systethch2iperform calculations and logic operations
required to execute a program. A non-transitocpssor-readable storage medium, such as read
only memory (ROM) 1212 and random access memoryMRE216, can be in communication with

the processing system 1208 and can include on@wg programming instructions for the operations
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specified here. Optionally, program instructioas de stored on a non-transitory computer-readable
storage medium such as a magnetic disk, optick| désordable memory device, flash memory, or
other physical storage medium.

[0053] In one example, a disk controller 1248 can intexfaith one or more optional disk drives
to the system bus 1204. These disk drives canxtieenal or internal floppy disk drives such as 1,260
external or internal CD-ROM, CD-R, CD-RW or DVD, swlid state drives such as 1252, or external
or internal hard drives 1256. As indicated presiguthese various disk drives 1252, 1256, 1260 and
disk controllers are optional devices. The systeus 1204 can also include at least one
communication port 1220 to allow for communicatiamh external devices either physically
connected to the computing system or availablereally through a wired or wireless network. In
some cases, the at least one communication pofi ttzudes or otherwise comprises a network
interface.

[0054] To provide for interaction with a user, the subjecatter described herein can be
implemented on a computing device having a disg&yce 1240 (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaygninformation obtained from the bus 1204 via a
display interface 1214 to the user and an inpuicgel232 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 1232 can be used twige for interaction with a user as well; for
example, feedback provided to the user can be @amy 6f sensory feedback (e.g., visual feedback,
auditory feedback by way of a microphone 1236actile feedback); and input from the user can be
received in any form, including acoustic, speeahtactile input. The input device 1232 and the
microphone 1236 can be coupled to and convey irdtan via the bus 1204 by way of an input

device interface 1228. Other computing deviceshsas dedicated servers, can omit one or more of
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the display 1240 and display interface 1214, tipaiirdevice 1232, the microphone 1236, and input
device interface 1228.

[0055] One or more aspects or features of the subjecemadiscribed herein can be realized in
digital electronic circuitry, integrated circuitrgpecially designed application specific integrated
circuits (ASICs), field programmable gate arrayP@As) computer hardware, firmware, software,
and/or combinations thereof. These various aspedesatures can include implementation in one or
more computer programs that are executable an&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 andruictons to, a storage system, at least one input
device, and at least one output device. The pnograble 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 relationgifiplient and server arises by virtue of computer
programs running on the respective computers andhdpa client-server relationship to each other.
[0056] 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-levetgulural language, an object-oriented
programming language, a functional programming Uagg, a logical programming language, and/or
in assembly/machine language. As used hereirtethe “machine-readable medium” refers to any
computer program product, apparatus and/or destiasy 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. Tha terachine-readable signal’ refers to any signal
used to provide machine instructions and/or dategmgrammable processor. The machine-readable

medium can store such machine instructions norsitiaily, such as for example as would a non-
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transient solid-state memory or a magnetic hardedar any equivalent storage medium. The
machine-readable medium can alternatively or amlifiy store such machine instructions in a
transient manner, such as for example as woulaeepsor cache or other random access memory
associated with one or more physical processosscore

[0057] In the descriptions above and in the examples,gglsrauch 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 thatestelements or features in combination with ahy o
the other recited elements or features. For exantpé 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‘@& or more of A, B, and C;” and “A, B, and/or
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.

[0058] The subject matter described herein can be embadisgstems, apparatus, methods,
and/or articles depending on the desired configumatThe 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 taibabove, other modifications or additions are
possible. In particular, further features and/nations can be provided in addition to thosdatih

herein. For example, the implementations descrdi¥Ve can be directed to various combinations

-22-



and subcombinations of the disclosed features amdfmbinations and subcombinations of several
further features disclosed above. In addition,ltigéc flows depicted in the accompanying figures
and/or described herein do not necessarily redqhéearticular order shown, or sequential order, to
achieve desirable results. Other implementatioag lbe within the scope of the following examples.
[0059] Examples:

[0060] 1. A method for detecting a suspended load byutsnamous vehicle maneuvering about
an environment, the method comprising: receivimgmf a scanning device mounted on and
perpendicular to a top surface of the autonomotrichee a plurality of data points surrounding the
autonomous vehicle; detecting, using a point dietechodule, whether an object is present within a
detection range of the autonomous vehicle by: elusy subsets of the plurality of data points; and
determining whether at least one clustered sulisbe@lurality of data points is within the defect
range; based on the object being present withirdétection range, extracting, by a suspended load
detection module, at least three features fronothect to detect whether the object is a suspended
load; and controlling maneuvering of the autonomeeisicle based on detection of the suspended
load.

[0061] 2. The method of example 1, wherein the contrgliomprises halting maneuvering of
the autonomous vehicle when (i) the object is detkas the suspended load and (ii) the autonomous
vehicle is within a predetermined range of the sanged load.

[0062] 3. The method of example 1, wherein the extraatmgprises: identifying a first portion

of the plurality of data points that are presentither the left or the right of a center line bét
autonomous vehicle; determining whether any of gaitats in the first portion are within (i) a first
predetermined distance in front of the autonomalsale and (ii) a first predetermined height range,
wherein a first feature of the at least three fiesstus identified based on presence of any data pbi

the first portion within the first predeterminedstdince and the predetermined height range, and
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wherein the determining is repeated for a secomtiigmoof the plurality of data points that are et

on an opposite side of the center line than tts¢ fiortion based on none of the data points ifitse
portion being within the first predetermined distarand the first predetermined height range.

[0063] 4. The method of claim 3, wherein based on tts fgature being detected the extracting
further comprises: determining whether any of qasats in the first portion are within a second
predetermined distance in front of the autonomalscle that is behind the first feature, wherein a
second feature of the object is identified basedresence of any data point of the first portiothimi

the second predetermined distance.

[0064] 5. The method of claim 4, wherein based on thersgdeature being detected the
extracting further comprises: determining wheth®y af data points in the first portion are within a
second predetermined height range, wherein thebisjédentified as the suspended load positioned
between the first feature and the second featisedan presence of any data point of the firstiqort
within the second predetermined height range.

[0065] 6. The method of claim 5, wherein based on nond®fdata points in the first portion
being within the second predetermined distanceher decond predetermined height range, the
detecting presence of the object further comprdetermining whether any of data points in a second
portion are within (i) the first predetermined diste in front of the autonomous vehicle and (i th
first predetermined height range, wherein the feature of the object is identified based on prese

of any data point of the second portion within fin&t predetermined distance and the predetermined
height range, and wherein the second portion oplality of data points comprises data pointg tha
are present on an opposite side of the centethene the first portion.

[0066] 7. The method of claim 1, wherein when the pltyadf data points are not within the

detection range, the controlling comprises maimagithe maneuvering of the autonomous vehicle.
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[0067] 8. The method of example 1, wherein the scannawicd is a light and detection ranging
(LIDAR) device and the plurality of data points goses a plurality of LIDAR data points.

[0068] 9. The method of example 1, wherein the clustefuntper comprises: identifying a subset
of the plurality of data points located within astgated region; determining whether the subset is
greater than a threshold value; and based on theesieing greater than the threshold value,
generating a plurality of clusters among the subaséd on distances between each data point.
[0069] 10. The method of example 9, wherein coordinatéseoplurality of clusters are provided
by the point detection modules to the suspendatidetection module.

[0070] 11. The method of example 1, further comprisitigring the plurality of data points to
remove any data points that fall within a predeteeu region of the environment so as to exclude
load stacks.

[0071] 12. The method of example 1, wherein the autonenvehicle is an autonomous prime
mover and the environment is a shipping port emvirent.

[0072] 13. A system detecting a suspended load by an aomouns vehicle maneuvering about an
environment, the system comprising: at least orie geocessor; and memory storing instructions,
which when executed by at least one data processuit in operations for implementing operations
comprising: receiving, from a scanning device medrin and perpendicular to a top surface of the
autonomous vehicle, a plurality of data points @unding the autonomous vehicle; detecting, using a
point detection module, whether an object is preséthin a detection range of the autonomous
vehicle by: clustering subsets of the pluralitglata points; determining whether at least one efasit
subset of the plurality of data points is withir tthetection range; based on the object being presen
within the detection range, extracting, by a sudpdnoad detection module, at least three features
from the object to detect whether the object isspended load; and controlling maneuvering of the

autonomous vehicle based on detection of the sdspdnad.
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[0073] 14. The system of example 13, wherein the comigptomprises halting maneuvering of
the autonomous vehicle when (i) the object is detkas the suspended load and (ii) the autonomous
vehicle is within a predetermined range of the sanged load.

[0074] 15. The system of example 13, wherein the extrgatomprises: identifying a first portion
of the plurality of data points that are presentither the left or the right of a center line bét
autonomous vehicle; determining whether any of gaiats in the first portion are within (i) a first
predetermined distance in front of the autonomalsacle and (ii) a first predetermined height range,
wherein a first feature of the object is identiflesed on presence of any data point of the fingiqn
within the first predetermined distance and thedptermined height range, and wherein the
determining is repeated for a second portion ofgheality of data points that are present on an
opposite side of the center line than the firstiparbased on none of the data points in the fiostion
being within the first predetermined distance dralfirst predetermined height range.

[0075] 16. The system of claim 15, wherein based onitbeféature being detected the extracting
further comprises: determining whether any of qadants in the first portion are within a second
predetermined distance in front of the autonomaalscle that is behind the first feature, wherein a
second feature of the object is identified basedresence of any data point of the first portiothuai

the second predetermined distance.

[0076] 17. The system of claim 16, wherein based on ¢cersd feature detected the extracting
further comprises: determining whether any of qadats in the first portion are within a second
predetermined height range, wherein the objedsstified as the suspended load positioned between
the first feature and the second feature basedesepce of any data point of the first portion with
the second predetermined height range.

[0077] 18. The system of claim 17, wherein based on mbrlee data points in the first portion

being within the second predetermined distanceher decond predetermined height range, the
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detecting presence of the object further comprdetermining whether any of data points in a second
portion are within (i) the first predetermined diste in front of the autonomous vehicle and (i th
first predetermined height range, wherein the feature of the object is identified based on prese

of any data point of the second portion within fin&t predetermined distance and the predetermined
height range, and wherein the second portion oplality of data points comprises data pointg tha
are present on an opposite side of the centethene the first portion.

[0078] 19. The system of claim 13, wherein when the pilyraf data points are not within the
detection range, the controlling comprises maimagithe maneuvering of the autonomous vehicle.
[0079] 20. The system of example 13, wherein the scardenige is a light and detection ranging
(LIDAR) device and the plurality of data points gomnses a plurality of LIDAR data points.

[0080] 21. The system of example 13, wherein the cluggefirther comprises: identifying a
subset of the plurality of data points located witndesignated region; determining whether thesub

is greater than a threshold value; and based osuhset being greater than the threshold value,
generating a plurality of clusters among the subaséd on distances between each data point.
[0081] 22. The system of example 21, wherein coordinaitdse plurality of clusters are provided
by the point detection modules to the suspendeatidesection module.

[0082] 23. The system of example 13, wherein the operatiarther comprise filtering the
plurality of data points to remove any data poithigt fall within a predetermined region of the
environment so as to exclude load stacks.

[0083] 23. The system of example 13, wherein the automsmehicle is an autonomous prime
mover and the environment is a shipping port emvirent.

[0084] 24. A non-transitory computer program product daétgca suspended load by an
autonomous vehicle maneuvering about an environrtrenhon-transitory computer program product

storing instructions which, when executed by asti@me data processor forming part of at least one

27-



computing device, implement operations comprisregeiving, from a scanning device mounted on
and perpendicular to a top surface of the autonaenveticle, a plurality of data points surrounding
the autonomous vehicle; detecting, using a poitgalion module, whether an object is present within
a detection range of the autonomous vehicle bysteting subsets of the plurality of data points;
determining whether at least one clustered subisbe@lurality of data points is within the defect

range; based on the object being present withirdétection range, extracting at least three feature
from the object to detect whether the object isspended load; and controlling maneuvering of the

autonomous vehicle based on detection of the sdspdpnad.
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