DOCKING SYSTEM AND METHODS FOR AUTONOMOUSVEHICLES

TECHNICAL FIELD
[0001] The subject matter described herein relates toidgaystems for autonomous vehicles.
BACKGROUND
[0002] Automation is the use of computing systems to agtisimvarious tasks without the need
of human intervention. Various industries utilesgomation to complete tasks, for example, to
reduce costs and/or improve efficiency. Examptirigtries include the automotive industry and
shipping industry.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Aspects of the present disclosure are best unaer$tom the following detailed
description when read with the accompanying figures
[0004] FIG. 1 is a block diagram illustrating a top-dowaw of an autonomous vehicle docked
within a docking location within a precise distamédorward and/or backward boundaries in
accordance with various embodiments of the predisnlosure.
[0005] FIG. 2 is a block diagram illustrating a top-dowaw of an example application of
autonomous vehicle docking in accordance with veri®mbodiments of the present disclosure.
[0006] FIG. 3 is a process flow diagram illustrating stppsformed autonomously by the APM
to incrementally adjust its position within a thmekl distance in accordance with various
embodiments of the present disclosure.
[0007] FIG. 4 is a process flow diagram illustrating stppsformed by an external reference
point detection module of APM in accordance withimas embodiments of the present disclosure.
[0008] FIGs. 5A-5B show a process flow diagram illustrgtaontrol logic executed by a
docking module for the autonomous incremental positg performed by APM in accordance with

various embodiments of the present disclosure.



[0009] FIG. 6 is a process flowchart illustrating a metlmd@utonomously docking an
autonomous vehicle such as APM in accordance vatitous embodiments of the present disclosure.
[0010] FIG. 7 illustrates an example system that procaspes data and generates output data
in accordance with various embodiments of the mitedisclosure.
[0011] FIG. 8 is a diagram illustrating a sample computiegice architecture in accordance
with various embodiments of the present disclosure.

SUMMARY
[0012] In one aspect, a method for autonomously dockinguaonomous vehicle includes
receiving data having (i) an indication that théomemous vehicle is within a docking location and
(ii) an adjustment distance to place the autonorwetsgcle within a threshold distance of the
docking location. An external reference point deten module identifies an external reference point
to the autonomous vehicle. A docking module in@etally adjusts a position of the autonomous
vehicle in a first axis based on a distance betwkemutonomous vehicle and the external reference
point until either (i) the autonomous vehicle ighan the threshold distance of the docking location
or (i) a number of adjustments exceeds an adjustmeaximum.
[0013] In some variations, the threshold distance istle@s 5 centimeters of a boundary in the
first axis of the docking location.
[0014] In other variations, the data further includesaatity of light and detection ranging
(LIDAR) data points.
[0015] In some variations, the external reference poimdastified using the external reference
point detection module by identifying a subsethef plurality of LIDAR data points located within a
designated region. It is determined whether thsesuis greater than a threshold value. Based on
the subset being greater than the threshold valpkirality of clusters are generated among the

subset based on distances between each LIDAR data g-or each cluster of the plurality of



clusters, a distance to an internal reference moirthe autonomous vehicle is determined. A ciuste
of the plurality of clusters having a shortestaiste in the first axis to the internal referencepis
identified.

[0016] In other variations, the cluster is identified haythe shortest distance in the first axis
and a shortest distance to the internal refereas® m a second axis.

[0017] In some variations, the external reference poistahbight reflectivity that is of higher
intensity than nearby surroundings of the extergi@rence point.

[0018] In other variations, the position is incrementadtjusted through an iterative series of
applying and releasing a braking mechanism of thiermmous vehicle.

[0019] In some variations, the position is incrementatjuated by determining a brake release
time. A braking mechanism is released for a portbthe brake release time. A total amount of
time the braking mechanism has been released isaggd. After the releasing and the evaluating, if
the total amount of time is less than the portibtiroe, it is determined whether a distance the
autonomous vehicle has moved is within the thresd@tance. The distance is compared with an
absolute value of a difference between the distandethe adjustment distance. The releasing, the
evaluating, and the determining are repeated iflist&ance is not within the threshold distance.
[0020] In other variations, the position is further inceamtally adjusted by applying the braking
mechanism, if the total amount of time is not les the portion of time, for another portion o th
brake release time. The determining is repeatéti()rthe distance is within the threshold distan
or (ii) the number of incremental adjustments ersde/e adjustments.

[0021] In some variations, the autonomous vehicle is aoreumous prime mover and the data

is received from an automatic rail mounted gantry.



[0022] In other variations, when the autonomous vehicleitsin the threshold distance a
container is automatically loaded or unloaded @hécautonomous vehicle without manual
intervention.
[0023] In some variations, when the number of adjustmextgeds the adjustment maximum,
an alarm is triggered to facilitate human-aided nauhoading or unloading of a container onto the
autonomous vehicle.
[0024] The details of one or more variations of the sutjeatter described herein are set forth
in the accompanying drawings and the descriptidovibe Other features and advantages of the
subject matter described herein will be apparerhfthe description and drawings, and from the
examples.

DETAILED DESCRIPTION
[0025] Autonomous vehicles operate with minimal to no honméeraction. There are
numerous ways autonomous vehicles are utilize@ih personal and commercial settings. In a
personal setting, for example, people can use auatouas vehicles to get from point A to point B
such as driving to or from work or school. In apercial setting, autonomous vehicles can be
used to transport people or goods from point Adim{pB such as placing goods onto or retrieving
goods off of stock shelves in retail spaces oragfeiwarehouses or moving shipping containers
around in a shipping port. Regardless of the pedsor commercial use, autonomous vehicles will
need to dock (or park) either temporarily or pererdly in a particular location. Precise positional
movements or adjustments during docking of auton@wehicles is crucial so as to avoid any
damage to any surroundings of the autonomous el autonomous vehicle itself, or any goods
or people the autonomous vehicle is transportifige systems and methods described herein can be
used for precision docking of autonomous vehiclgkicentimeters or less of specific docking

locations.



[0026] The precision described herein may not be attalbyphumans due to lack of visibility
and positional feedback of human eyes. Additigndfiere is inaccuracy involved in inching up the
autonomous vehicle to a desired stop point. Famgte, if the autonomous vehicle initially arrives
at a docking location and it is approximately 15simort of the final docking location, use of the
braking mechanism alone using human control maypadaufficient for moving the autonomous
vehicle into the precise location. This is becanbBen a human releases the braking mechanism, the
idle speed of the motor will pull the autonomoukieke further, but the exact amount that the
autonomous vehicle is pulled forward is indeterr@eralative to the precision needed for proper
placement of the autonomous vehicle. This canueetal, for example, braking mechanism delay,
traction conditions, and/or engine idle speed.

[0027] FIG. 1 is a block diagram 100 illustrating a topashoview of an autonomous vehicle 110
docked within a docking location 120 within a peecdistance of forward and/or backward
boundaries 120a, 120b in accordance with variousoeiments of the present disclosure.
Autonomous vehicle 110 navigates to the dockingtioa 120 through various positional
movements (e.g., left and/or right in the y-axagetally, forward and/or backward in the x-axis,
longitudinally). Docking location 120 is defineg b forward boundary 120a and a backward
boundary 120b in the x-axis and a right bounda@cl&hd a left boundary 120d in the y-axis. Once
the autonomous vehicle 110 arrives within boundatiz0a-120d of the docking location 120, the
autonomous vehicle 110 incrementally adjusts istmm to be within a precise distance of forward
and/or backward boundaries 120a, 120b. In othedsyahe position of the autonomous vehicle 110
is adjusted until it is within a threshold distardehe forward and/or backward boundaries 120a,
120b. The autonomous vehicle 110 makes thesenmeral adjustments by comparing a position of
an internal reference point 124 with one or morgitpms of external reference points 102, 103, 104,

105, 106. The external reference points 102-18@®hbjects having a higher reflectivity potential



than its surrounding such that light can be easiiigcted off of it when scanned, for example, gsin
light and detection ranging (LIDAR) scanning.

[0028] When autonomous vehicle 110 arrives within the lolamies 120a-120d of docking
location 120, it can determine a distance 122a éetvthe forward boundary 120a and a front edge
of autonomous vehicle 110 and/or a distance 122kdamn the backward boundary 120b and a back
edge of autonomous vehicle 110. The autonomousleetl O utilizes distance 122a and/or
distance 122b to determine whether it needs to fmweard or backward in the x-axis to be within
centimeters or less of a threshold distance. T$tartte 122a and/or distance 122b are provided to
the autonomous vehicle 110 from an external dateced EDS) 150 via transmitted data 152. The
external data source 15 determines a ground tistarde (e.g., distance 122a and/or distance 122b)
autonomous vehicle 110 has to move in order toibema threshold distance. The autonomous
vehicle 110 continuously monitors how far it has/&led (e.g., distance 122a and/or distance 122b)
by calculating a distance between the internaregige point 124 and one of the external reference
points 102-106. This distance can be calculate@tjusseries of scanning data points provided by a
scanning device(s) 125 of the autonomous vehidle Bcanning device(s) 125 can be, for example,
a LIDAR device. When the distance 122a and/oladst 122b is within centimeters or less of a
threshold distance, the autonomous vehicle cetsexiremental adjustments. Autonomous vehicle
110 may include a localization system (not showaj tan be used to determine its position. The
position determined by the localization system, éesv, may not be precise enough within
centimeters or less of the threshold. Insteadathienomous vehicle relies upon the distance
between the internal reference point 124 and oteeoéxternal reference points 102-106.

[0029] FIG. 2 is a block diagram 200 illustrating a topaghoview of an example application of
autonomous vehicle docking in accordance with veri@mbodiments of the present disclosure. The

example application of FIG. 2 is specific to thgsing industry. However, it can be appreciated by



those of ordinary skill in the art that this is migran example for illustrative purposes. In a
shipping port such as a container transshipmentdmkexample EDS 150 is an automatic rail
mounted gantry and an example autonomous vehi€lésldn autonomous platform mover (APM)
such as an autonomous prime mover. In this exgrtieautomatic rail mounted gantries and
autonomous prime movers are used to move shippinmers, such as those carrying various
goods, across different container yard blocks. Miog and/or offloading containers onto the
APMs is handled by the EDMs automatically. To deabis automatic process, APMs dock the
containers at designated slots with an accuragyemision (e.g., within a threshold distance) of
centimeters or less (e.g., 0 to 5 cm).

[0030] For example, in FIG. 2 an APM 210 includes a APMd212 and a APM trailer 214.
The APM head 212 can include one or more LIDAR dewi270. In some variations, one LiDAR
device can perform scanning on the left side ofAR& 210 and a second LiDAR device can
perform scanning on the right side of the APM 2Tbe APM 210 docks in a docking location 260
along a fence line 220. The fence line 220 sepaiike APM 210 from a container yard having a
number of shipping containers such as shippingatoat 230 and shipping container 240. The
fence line 220 includes a number of fence poles 222, 223, 224, 225 with spacing between each
pole. Docking of the APM 210 within a precise diste (e.g., distance 260a, 260b) of the docking
location 260 is critical to ensure safe onload andffload of shipping container 220 onto APM
trailer 214. The APM 210 autonomously navigatsslitto the docking location 260 (e.g., performs
initial docking). This initial docking, howevess not precise within a threshold distance and the
APM 210 needs further adjustment to ensure it thiwia threshold distance (e.g., 0 to 5 cm) of the
forward boundary 260c and/or backward boundary 28@tbcking location 260. The APM 210
autonomously and incrementally adjusts its posiismlescribed in detail in FIGs. 3-5. More

specifically, APM 210 communicates with EDS 250@¢oeive ground truth distance data 252 (e.g.,



distance 260b and distance 260c) to determine howff from a threshold distance the APM 210 is.
The APM uses ground truth distance data 252 tetassits incremental adjustments. APM 210
utilizes an internal reference point 218 of the ABMIer 214 and determines a distance to one of
the fence poles 221-225. This distance is detethusing LIDAR data points provided by the
LiDAR device(s) 270 of the APM 210, as describedniore detail in FIG. 4. Once the APM 210 is
docked by the EDS 250 and refines its adjustmeittsnathe docking location 260, shipping
container 230 can be onloaded onto APM trailer @ldffloaded from APM trailer 214 into
container location 216 designated by dotted limethe APM trailer 214.

[0031] FIG. 3 is a process flow diagram 300 illustratitgps performed autonomously by the
APM 210 to incrementally adjust its position witlarthreshold distance in accordance with various
embodiments of the present disclosure. For easad#rstanding and illustration purposes only,
FIG. 3 is discussed with reference to the shippidgstry example continued from FIG. 2.
However, it can be appreciated by those of ordis&ityin the art that such example can be
applicable to any industry or scenario where apraarnous vehicle is docked in a docking location.
The docking process initiates at step 302 when ZRBlarrives at the docking location 260. The
APM 210 initially navigates itself to the dockingchtion 260 autonomously. The APM 210
evaluates at step 304 whether it has arrived witigrboundaries 260c, 260d, 260e, 260f of the
docking location 260. If the APM 210 is within theundaries 260c-260f of the docking location
260, then it enters an adjustment mode at stegdBB@rementally adjust its position to be within a
threshold distance. Otherwise, step 302 repeatstenAPM 210 continues to navigate itself to the
docking location 260.

[0032] Once APM 210 enters its adjustment mode in step tB@APM 210 attempts to detect
or identify at least one external reference paunth as one of the fence poles 221-225 along fence

line 220, at step 308. APM 210 uses an extertiatarce point detection module to determine



which external reference point (e.g., at leastafrfence poles 221-225) is nearest to the internal
reference point 218. A detailed description ofekeernal reference point detection module
functionality is described in FIG. 4. If APM 218 unable to detect any external reference point
such as one of the fence poles 221-225, then aaharervention is triggered at step 310 to onload
the shipping container 230 onto APM trailer 214fiload the shipping container 230 from the
APM trailer 214. If APM 210 is able to detect arfehe external reference points such as one of the
fence poles 221-225, a distance in the x-diredtieimveen the internal reference point 218 and one
of the fence poles 221-225 is determined. Thigdce is an initial distance used for calculating a
travel distance of APM 210. In addition to thistdince, the EDS 250 provides a ground truth
distance to the APM 210 via data 252. The grouutth distance is determined by the EDS 250
through continual laser scanning. The EDS 250imelnde one or more three dimensional (3D)
laser scanners (not shown in FIG. 2). The lasanrsers can facilitate scanning of the APM 210
from various angles and calculate the ground trigtance between the APM 210 and the docking
location 260. The APM 210 receives this grounthtdistance from the EDS 250 and uses it as an
initial distance to determine an adjustment distathat the APM 210 needs to move in order to
achieve the threshold distance. APM 210 continlyausnitors for the receipt of the adjustment
distance from EDS 250 at step 312. While APM 2d@its the adjustment distance from the EDS
250, it applies a braking mechanism at step 31dce@he APM 210 receives the adjustment
distance from EDS 250, APM 210 incrementally adjutst own position in steps 318 and 320 as
described in detail in FIG. 4. Once the APM210 tnageled distance that is within the threshold
distance, the adjustment is complete at step 322.

[0033] FIG. 4 is a process flow diagram 400 illustratitgps performed by an external reference
point detection module of APM 210 in accordancéhnwirious embodiments of the present

disclosure. For ease of understanding and illtistrgourposes only, FIG. 4 is discussed with



reference to the shipping industry example contifvem FIGs. 2-3. However, it can be
appreciated by those of ordinary skill in the hettsuch example can be applicable to any industry
or scenario where an autonomous vehicle is dogkeddiocking location.

[0034] In order to precisely dock autonomous vehicle 28 & threshold distance of
boundaries 260c-260d of docking location 260, aereal reference point such as one of fence
poles 221-225, is identified. Positions of thecemal reference points are determined using LIiDAR
scanning data using the LIDAR device(s) 270 at 4@&h The LiDAR scanning data is made up of a
number of individual LIDAR data points. These LiBAlata points are classified by the external
reference point detection module based on intensityes. For example, any LIDAR data points
having intensities higher than for example, 108,dassified as valid lidar points. This is be@aus
the fence poles 221-225 are highly reflective angared to the fence line 220. To accelerate the
filtering process, the external reference poinedebn module searches at step 404 for valid LIDAR
data points in a designated region of a known aataeference point position. The designated
region can be an 3D area surrounding the knowneadteeference point. In the context of the
shipping industry example, the designated range @éfined as approximately -1.0m < x < 2.4m
1.8m<y<2.8m,0.0m<z<0.45m, and 1.1m < z6milfor fence poles on the left side of APM
210. For fence poles on the right side of APM 2h8,designated range is defined as -1.0m < x <
2.4m, -2.8m <y <-1.8m, 0.0m < z <0.45m, and 1<lm< 1.6m for fence poles on the right side of
APM 210. The external reference point detectiomuh® scans the collected LIDAR data points at
step 404 for a subset of data points within thesegthated ranges. To determine whether a pole is
detected, the number of data points in the subsaimpared to a threshold data point value at step
402. This threshold data point value is set basetihe selected external reference point. For
example, in the context of the shipping industrgraple in FIG. 2, the number of LIDAR data

points in the designated region is greater tham @dder for effective fence pole detection. Keth
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number of valid LIDAR data points is less than qua to the threshold data point value, then it is
determined by the external reference point detectiodule that a pole cannot be found at step 408
and the external reference point detection modeiteegates output data indicating same.

[0035] If the number of valid LIDAR data points is greatiean the threshold data point value,
the external reference point detection module elsshe subset of LIDAR data points based on the
Euclidean distance between each LIiDAR data poititténsubset. The Euclidean distance in a three-

dimensional space is defined as:

d,q) = (¢ —P1)? + (42 = P2)* + (43 — P3) (1)
wherep andg each represent a different LIDAR data point inghbset having coordinatgs,(p2,
p3) and €, g2, O3), respectively. Clusters are formed using a Eeeln distance threshold. A
LiDAR data point is added to an existing clustehi& minimum Euclidean distance between the
LiDAR data point and other LIDAR data points wittire existing cluster is less than the Euclidean
distance threshold. Otherwise, a new clusterrimiéa with that LIDAR data point.
[0036] Once the clusters are formed, the external referpomt detection module loops through
each of the clusters to determine a distance iy-#pds between the cluster and the internal
reference point 218. After looping through all thesters, the external reference point detection
module identifies one cluster having the smallatgrhl distance in the y-axis to the internal
reference point 218 on the APM 210. Equationgl)sed to determine this distance using a center
of the cluster as one coordinate and the inteefalence point 218 as the other coordinate. The
center of the cluster can be an average valueeaddla points within that cluster. The other dust
(e.g., the remaining clusters that do not havesthallest lateral distance) are discarded at st2p 41
In other words, the clusters having a lateral distethat is larger than the smallest lateral degtan
are discarded. This discarding avoids misclasgiba of other surrounding objects as external

reference points, such as the EDS 250. It is ptesgd detect multiple external reference points
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should a small distance gap be present betweesxthenal reference points. For example, turning
back to FIG. 2, a gap of approximately 0.6m for e@hipping containers such as those requiring
refrigeration. To differentiate these externakrefice points from others, the external reference
point detection module identifies the external refiee points having the shortest longitudinal
distance to the internal reference point 218 agxternal reference point for adjustments. The
external reference point detection module outpygssition of the external reference point at step
416 based on a calculated average of the LIDAR miaitets within the selected cluster.

[0037] FIGs. 5A-5B show a process flow diagram 500 illasirg control logic executed by a
docking module for the autonomous incremental positg performed by APM 210 in accordance
with various embodiments of the present disclosii@: ease of understanding and illustration
purposes only, FIG. 5 is discussed with referendbé shipping industry example continued from
FIGs. 2-4. However, it can be appreciated by tledsedinary skill in the art that such example can
be applicable to any industry or scenario wherawtonomous vehicle is docked in a docking
location. Docking of the APM 210 within a precesecuracy of a few centimeters or less (e.g., O-
5cm) can be challenging given the APM 210 has gtkeim the tens of meters (e.g., 10-20m).
Additionally, because the APM 210 is so large, ¢hean be a brake delay. In order to account for
brake delays, speeds of the APM 210 are kept assopossible when making the incremental
position adjustments. For example, a throttle getage of the APM 210 is set to be approximately
1% throughout the incremental adjustments. To nrad@mental positional adjustments, the APM
210 applies its brakes for a certain period of t{emg., 0-5 seconds) and then releases a braking
mechanism for another amount of time (e.g., 0-93&s). This sequential braking and releasing
process is repeated for many cycles to incremegradiust the position of the APM 210 until the
APM 210 is within the threshold distance. The brgknechanism is applied at approximately 40%

to facilitate stopping of the APM 210. It is theodulation of the brake release time that contiuds t
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incremental distance the APM 210 moves per actn&yole. The longer the brake release time is,
the larger the distance the APM 210 moves in omgecy

[0038] As previously discussed in FIG. 3, APM 210 continsly monitors for the receipt of the
adjustment distance from EDS 250 at step 312. cbhé&ol logic for making incremental
adjustments initiates at step 502 when the adjusdtaistance (e.g., d_adj) is received from the EDS
250. Once the adjustment distance is received thenEDS 250, APM 210 sets an initial brake
release time (e.g., t_release of 0-5 seconds) las#te adjustment distance at step 504. Thalniti
brake release time can be obtained through a &argrint of experimental data. For example, when
the adjustment distance is greater than approxlyn@t2m, the initial brake release time is seté¢o b
approximately 1s. If the adjustment distanceilesetween approximately 0.1m and approximately
0.2m, the initial brake release time is set to I6s.0 The brake release time is further reducdetto
approximately 0.4s when the adjustment distantesgssthan approximately 0.1m.

[0039] After setting the initial brake release time, tlreking module is triggered at a frequency
of approximately 10Hz. The braking mechanism isa®ed for a portion of the initial brake release
time at step 506. The docking module records anraalated brake release time (e.g., t_accu -
duration of time the braking mechanism has beeraseld cumulatively) at step 508. This
accumulated brake release time (e.g., t_accu)igpaced with the initial brake release time (e.g.,

t release) at step 510. If the accumulated bralease time is less than the initial brake rel¢iase
(e.g., t_accu <t_release), then the distance leetwree internal reference point 218 and the externa
reference point (e.g., one of the fence poles Z8)-B measured to compute a traveled distance
(e.g., d_move) of the APM 210 at step 512. Thekishgcmodule evaluates the difference between
an absolute value of the traveled distance (e.gnave) and the adjustment distance (e.g., d_ad))
compared with approximately half of the threshaktahce at step 514. The threshold accuracy is

less than the threshold distance to compensatinfjomeasurement errors from the scanning
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performed by the EDS 250. If this absolute vakirat less than approximately half of the threshold
distance, then steps 506-514 are repeated. Alieeha if the absolute value is less than or eqoal
approximately half of the threshold distance, taaount of the number of adjustments is
incremented by one at step 516. The count is coedda a value of 5 at step 518. If the count is
greater than 5, then the adjustment cycle is teatathat step 520. Alternatively, if the countag n
greater than or equal to 5 the braking mechanistheoAPM 210 are kept on (e.qg., still applied) at
step 522. A distance between the internal refer@oint 218 and the external reference point is
calculated at step 524. Using this distance, thestment distance is modified at step 526 and the
adjustment process resumes for another cycle @66

[0040] Returning back to step 510, if the accumulateddralease time is not less than the
initial brake release time (e.g., t_accu < t_red¢athen the braking mechanism is applied for alsma
time increment (e.g., 0.1s) at step 528. The dwrkiodule records an accumulated brake apply
time (e.g., t_accu - duration of time the brakingctmanism has been applied cumulatively) at step
530. The accumulated brake apply time is compast#da short time duration (e.g., 1s) at step 532.
If the accumulated brake apply time is less thanstiort time duration then the distance between the
internal reference point 218 and the external ezfee point (e.g., one of the fence poles 221-225) i
measured to compute a traveled distance (e.g, denobthe APM 210 at step 534. The docking
module then evaluates the difference between amlwbssalue of the traveled distance (e.g.,
d_move) and the adjustment distance (e.g., d_adjpeared with approximately half of the

threshold distance at step 536. If this absolataesis less than half of the threshold distartoen t

the docking module proceeds to step 516. Alteveht) if this absolute value is not less than lodlf
the threshold distance, then the docking moduleatspsteps 528-532.

[0041] Returning back to step 532, if the accumulated tioteess than the short time duration

or is equal to the short time duration, a totatetad distance (e.g., d_cycle) in one actuatiorecigc
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calculated at step 538 to benchmark with the adfjeist distance or threshold distance. The docking
module determines the distance between the intesfexlence point 218 and the external reference
point (e.g., one of the fence poles 221-225) issuesd to compute a traveled distance (e.qg,
d_move) of the APM 210 at step 540. The dockingluhes compares a portion of the adjustment
distance threshold (e.g., 0.2m) with the absolatae of the difference between the adjustment
distance and the traveled distance. If the absolalue is greater than the portion of the adjustme
distance threshold (e.g., 0.2m), then the quotiéttte total traveled distance in one actuationecyc
(e.g., d_cycle) and the adjustment distance (@.@dj) is compared with a percentage value (e.qg.,
25% or 0.25) at step 544. A ratio below the petags value indicates the traveled distance in one
actuation cycle is too small. In other wordsh# guotient is less than the percentage value, the
docking module increases the brake release tinserial time duration (e.g., 0.1s) at step 546 for
the next actuation cycle, which resumes at step 20&rnatively, returning to step 544, if the
guotient is not less than the percentage value, tthe brake release time (or initial brake release
time) remains unchanged at step 552 and the dockotule resumes at step 506.

[0042] Returning to step 542, if the absolute value is tean or equal to the portion of the
adjustment distance threshold (e.g., 0.2m), therabisolute value is compared with an even smaller
portion of the adjustment distance threshold (€.d.m) at step 548. If the absolute value is great
than or equal to the even smaller adjustment distémeshold, then a quotient of the total traveled
distance in one actuation cycle (e.g., d_cycle)taedortion of the adjustment distance (e.g., 0.2m
is compared with the percentage value (e.g., 25%ftep 552. If the quotient is less than the
percentage value, the docking module increaselsrtie release time by small time duration (e.g.,
0.1s) at step 546 for the next actuation cyclectvinesumes at step 506. Alternatively, if the
guotient is not less than or is equal to the paeggnvalue, then the brake release time (or initial

brake release time) remains unchanged at steprisbtha docking module resumes at step 506.
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[0043] Returning to step 548, if the quotient is not geedhan the smaller portion of the
adjustment distance threshold (e.g., 0.1m), thetha&n quotient of the total distance traveled ie on
actuation cycle (e.g., d_cycle) and the smalletipoof the adjustment distance (e.g., 0.1m) is
compared with the percentage value at step 53datfquotient is less than or equal to the
percentage value, then the docking module increhsdsrake release time by small time duration
(e.g., 0.1s) at step 546 for the next actuatiomegyehich resumes at step 506. Alternativelyhé t
guotient is not less than or is equal to the paeggnvalue, then the brake release time (or initial
brake release time) remains unchanged at steprigbtha docking module resumes at step 506.
[0044] Despite the foregoing, the adjustment cycles diesdrin FIG. 5 could be terminated in
any actuation step once the APM 210 is within tiveghold distance of the docking location.
However, to account for any delays in the brakireghanism, it is possible that the actual docking
position error is greater than the threshold distanTo accommodate for this, the whole adjustment
cycle can be repeated until the final docking posigrror is less than threshold distance or the
number of adjustment cycles is larger than 5.

[0045] FIG. 6 is a process flowchart 600 illustrating amoel of autonomously docking an
autonomous vehicle such as APM 210 in accordanttewarious embodiments of the present
disclosure. At step 602, data 252 is receivedittctides (i) an indication that the autonomous
vehicle (e.g., APM 210) is within a docking locati®60 and (ii) an adjustment distance (e.qg.,
d_adju) to place the autonomous vehicle withinraghold distance of the docking location 260.
Using an external reference point detection modariegxternal reference point such as one of fence
poles 221-225 to the autonomous vehicle are detexrat step 604 using the various steps
described in FIG. 4. Using a docking module, atmsof the autonomous vehicle is incrementally
adjusted at step 606 in a first axis based ontardie between the autonomous vehicle and the

external reference point as described in detdl. 5.
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[0046] FIG. 7 illustrates an example system 700 that e input data 720 and generates
output data 730 in accordance with various emboxlisnef the present disclosure. The input data
can be, for example, data 252 received from EDS 2590s data can include any of LIDAR data
points from LIDAR scanning, an adjustment distaeg., d_adj), or an indication that the
autonomous vehicle such as APM 210 is within doghkatation 260.

[0047] The system 700 includes one or more processingrsgsi10. Processing system 1610
includes a docking module 712, an external refexgaamint detection module 714, and data storage
716. The input data 720 may be received by thegasing system 710 via a communications
network, e.g., an Internet, an intranet, an extrantcal area network (“LAN”), a wide area
network (“WAN?"), a metropolitan area network (“MAN"a virtual local area network (“VLAN"),
and/or any other network. The input data 720 nisy lae received via a wireless, a wired, and/or
any other type of connection. The input data B20rocessed by the docking module 712 and/or the
external reference point detection module 714zini¢j the algorithms described in detail in FIGs. 4-
5.

[0048] Processing system 710 may be implemented usinga@ft hardware and/or any
combination of both. Processing system 710 mayl@simplemented in a personal computer, a
laptop, a server, a mobile telephone, a smartphotadlet, cloud, and/or any other type of device
and/or any combination of devices. The docking nh®d@12 and/or the external reference point
detection module 714 may perform execution, cortipitaand/or any other functions on the input
data 720 as discussed in detail in FIGs. 4-5.

[0049] The data storage component 716 may be used fagst@f data processed by processing
system 710 and may include any type of memory,(a.tgmporary memory, a permanent memory,

and/or the like).
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[0050] Output data 730 can include any data generatedeébgtdcking module 712 or the
external reference point detection module 714 sscan indication that an external reference point
cannot be found, command data to the braking mésimatio enable or disable braking functionality,
and the like. Output data 730 can also includedaig stored within data storage component 716.
[0051] FIG. 8 is a diagram 800 illustrating a sample cotimgudevice architecture for
implementing various aspects described herein iclwtertain components can be omitted
depending on the application. A bus 804 can sasvthe information highway interconnecting the
other illustrated components of the hardware. dcpssing system 808 labeled CPU (central
processing unit) (e.g., one or more computer psmss data processors at a given computer or at
multiple computers) and/or a GPU-based procesgisigs 810 can perform calculations and logic
operations required to execute a program. A nansitory processor-readable storage medium,
such as read only memory (ROM) 812 and random acuesnory (RAM) 816, can be in
communication with the processing system 808 andradude one or more programming
instructions for the operations specified hereti@yally, program instructions can be stored on a
non-transitory computer-readable storage mediurh as@ magnetic disk, optical disk, recordable
memory device, flash memory, or other physicalegjermedium.

[0052] In one example, a disk controller 848 can interfaith one or more optional disk drives
to the system bus 804. These disk drives can teeret or internal floppy disk drives such as 860,
external or internal CD-ROM, CD-R, CD-RW or DVD, swlid state drives such as 852, or external
or internal hard drives 856. As indicated previguthese various disk drives 852, 856, 860 and
disk controllers are optional devices. The systei804 can also include at least one
communication port 820 to allow for communicatiothwexternal devices either physically

connected to the computing system or availablereally through a wired or wireless network. In
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some cases, the at least one communication poiin8R@les or otherwise comprises a network
interface.

[0053] To provide for interaction with a user, the subj@etiter described herein can be
implemented on a computing device having a dispgyce 840 (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaygnnformation obtained from the bus 804 via a
display interface 814 to the user and an inputae8B2 such as keyboard and/or a pointing device
(e.g., a mouse or a trackball) and/or a touchsdogemhich the user can provide input to the
computer. Other kinds of input devices 832 candel to provide for interaction with a user as
well; for example, feedback provided to the user lsa any form of sensory feedback (e.g., visual
feedback, auditory feedback by way of a microph@8@, or tactile feedback); and input from the
user can be received in any form, including aceuspeech, or tactile input. The input device 832
and the microphone 836 can be coupled to and canf@ynation via the bus 804 by way of an
input device interface 828. Other computing desjiseich as dedicated servers, can omit one or
more of the display 840 and display interface &4 ,input device 832, the microphone 836, and
input device interface 828.

[0054] One or more aspects or features of the subjecem@dscribed herein can be realized in
digital electronic circuitry, integrated circuitrgpecially designed application specific integrated
circuits (ASICs), field programmable gate arrayB@As) computer hardware, firmware, software,
and/or combinations thereof. These various aspedtatures can include implementation in one or
more computer programs that are executable anttenpretable on a programmable system
including at least one programmable processor, wtén be special or general purpose, coupled to
receive data and instructions from, and to translatid and instructions to, a storage system, st lea
one input device, and at least one output devide programmable system or computing system

may include clients and servers. A client and eeave generally remote from each other and

-19-



typically interact through a communication netwoikae relationship of client and server arises by
virtue of computer programs running on the respeatomputers and having a client-server
relationship to each other.

[0055] These computer programs, which can also be reféorad programs, software, software
applications, applications, components, or coddude machine instructions for a programmable
processor, and can be implemented in a high-lewslgglural language, an object-oriented
programming language, a functional programming lagg, a logical programming language,
and/or in assembly/machine language. As usedrhehe term “machine-readable medium” refers
to any computer program product, apparatus an@kaced, such as for example magnetic discs,
optical disks, memory, and Programmable Logic DevidLDs), used to provide machine
instructions and/or data to a programmable proecessduding a machine-readable medium that
receives machine instructions as a machine-readalpial. The term “machine-readable signal”
refers to any signal used to provide machine iotitns and/or data to a programmable processor.
The machine-readable medium can store such mautstractions non-transitorily, such as for
example as would a non-transient solid-state memoaymagnetic hard drive or any equivalent
storage medium. The machine-readable medium ¢tamatively or additionally store such
machine instructions in a transient manner, sudbrasxample as would a processor cache or other
random access memory associated with one or mgiaqath processor cores.

[0056] In the descriptions above and in the examples,sglsrauch as “at least one of” or “one or
more of” may occur followed by a conjunctive ligtedements or features. The term “and/or” may
also occur in a list of two or more elements otdess. Unless otherwise implicitly or explicitly
contradicted by the context in which it is used;isa phrase is intended to mean any of the listed
elements or features individually or any of thateztelements or features in combination with any

of the other recited elements or features. Fomgika, the phrases “at least one of A and B;” “one o

-20-



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 inteatdfor 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 element i
also permissible.

[0057] The subject matter described herein can be embadggstems, apparatus, methods,
and/or articles depending on the desired configaratThe implementations set forth in the
foregoing description do not represent all impletaBans consistent with the subject matter
described herein. Instead, they are merely sorampbes consistent with aspects related to the
described subject matter. Although a few variaibave been described in detail above, other
modifications or additions are possible. In paitac, further features and/or variations can be
provided in addition to those set forth hereinr &ample, the implementations described above
can be directed to various combinations and subcwtibns of the disclosed features and/or
combinations and subcombinations of several furfibetiures disclosed above. In addition, the logic
flows depicted in the accompanying figures andésadibed herein do not necessarily require the
particular order shown, or sequential order, tdeaahdesirable results. Other implementations may
be within the scope of the following examples.

[0058] Examples:

[0059] 1. A method for autonomously docking an autonomaiscle, the method comprising:
receiving data comprising (i) an indication that #utonomous vehicle is within a docking location
and (ii) an adjustment distance to place the autmus vehicle within a threshold distance of the

docking location; identifying, using an externderence point detection module, an external
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reference point to the autonomous vehicle; ancementally adjusting, using a docking module, a
position of the autonomous vehicle in a first &ddsed on a distance between the autonomous
vehicle and the external reference point untilegiifi) the autonomous vehicle is within the
threshold distance of the docking location ordinumber of adjustments exceeds an adjustment
maximum.

[0060] 2. The method of example 1, wherein the threstmtance is less than 5 centimeters of
a boundary in the first axis of the docking locatio

[0061] 3. The method of example 1, wherein the data éurtomprises a plurality of light and
detection ranging (LIDAR) data points.

[0062] 4. The method of example 3, wherein the extemfarence point is identified using the
external reference point detection module by: idigng a subset of the plurality of LIDAR data
points located within a designated region; detemmginvhether the subset is greater than a threshold
value; based on the subset being greater thahtéghiold value, generating a plurality of clusters
among the subset based on distances between da8R [data point; for each cluster of the
plurality of clusters, determining a distance targernal reference point on the autonomous vehicle
and identifying a cluster of the plurality of clast having a shortest distance in the first axifi¢o
internal reference point.

[0063] 5. The method of example 4, wherein the clustatastified having the shortest distance
in the first axis and a shortest distance to tkerimal reference point in a second axis.

[0064] 6. The method of example 1, wherein the extemf@rence point has a light reflectivity
that is of higher intensity than nearby surroundingithe external reference point.

[0065] 7. The method of example 1, the position is in@etally adjusted through an iterative

series of applying and releasing a braking mechaoisthe autonomous vehicle.
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[0066] 8. The method of example 1, wherein the positsin¢rementally adjusted by:
determining a brake release time; releasing a bgakiechanism for a portion of the brake release
time; evaluating a total amount of time the brakimgchanism has been released; determining, after
the releasing and the evaluating, if the total amofi time is less than the portion of time, whethe
distance the autonomous vehicle has moved is wili@rhreshold distance, wherein the distance is
compared with an absolute value of a differenceveen the distance and the adjustment distance;
and repeating the releasing, the evaluating, amdi¢termining if the distance is not within the
threshold distance.

[0067] 9. The method of example 8, wherein the positsofuither incrementally adjusted by:
applying the braking mechanism, if the total amaafrttme is not less than the portion of time, for
another portion of the brake release time; andatapg the determining until (i) the distance is
within the threshold distance or (ii) the numbemaremental adjustments exceeds five adjustments.
[0068] 10. The method of example 1, wherein the auton@mweticle is an autonomous prime
mover and the data is received from an automatiowaunted gantry.

[0069] 11. The method of example 1, wherein when therautmus vehicle is within the
threshold distance a container is automaticallgéabor unloaded onto the autonomous vehicle
without manual intervention.

[007Q] 12. The method of example 1, wherein when the rmurobadjustments exceeds the
adjustment maximum, an alarm is triggered to feat# human-aided manual loading or unloading
of a container onto the autonomous vehicle.

[0071] 13. A system comprising: at least one data proceasd memory storing instructions,
which when executed by at least one data processuit in operations for implementing operations
comprising: receiving data comprising (i) an indiica that the autonomous vehicle is within a

docking location and (ii) an adjustment distancplaxe the autonomous vehicle within a threshold
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distance of the docking location; identifying, ug&n external reference point detection module, an
external reference point to the autonomous vehaaid;incrementally adjusting, using a docking
module, a position of the autonomous vehicle imst &xis based on a distance between the
autonomous vehicle and the external reference paitiiteither (i) the autonomous vehicle is within
the threshold distance of the docking locationipa(number of adjustments exceeds an adjustment
maximum.

[0072] 14. The system of example 13, wherein the threlstligkance is less than 5 centimeters
of a boundary in the first axis of the docking loca.

[0073] 15. The system of example 13, wherein the dathducomprises a plurality of light and
detection ranging (LIDAR) data points and wheréia ¢éxternal reference point is identified using
the external reference point detection module dgniifying a subset of the plurality of LIDAR data
points located within a designated region; detemmginvhether the subset is greater than a threshold
value; based on the subset being greater thahtéghiold value, generating a plurality of clusters
among the subset based on distances between da8R Idata point; for each cluster of the

plurality of clusters, determining a distance targernal reference point on the autonomous vehicle
and identifying a cluster of the plurality of clast having a shortest distance in the first axifi¢o
internal reference point, wherein the cluster entified having the shortest distance in the frss

and a shortest distance to the internal refereas® m a second axis.

[0074] 16. The system of example 13, wherein the extegiatence point has a light

reflectivity that is of higher intensity than negrdurroundings of the external reference point.
[0075] 17. The system of example 13, the position issmantally adjusted through an iterative
series of applying and releasing a braking mechaoisthe autonomous vehicle by: determining a
brake release time; releasing a braking mecharosma jportion of the brake release time; evaluating

a total amount of time the braking mechanism has beleased; determining, after the releasing and
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the evaluating, if the total amount of time is |#ssn the portion of time, whether a distance the
autonomous vehicle has moved is within the thresHatance, wherein the distance is compared
with an absolute value of a difference betweerdibance and the adjustment distance; repeating
the releasing, the evaluating, and the determiifiitige distance is not within the threshold dis&nc
applying the braking mechanism, if the total amaafrttme is not less than the portion of time, for
another portion of the brake release time; andatipg the determining until (i) the distance is

within the threshold distance or (ii) the numbeimaremental adjustments exceeds five adjustments.
[0076] 18. The system of example 13, wherein the automgmehicle is an autonomous prime
mover and the data is received from an automatiowaunted gantry.

[0077] 19. The system of example 13, wherein when thenaumous vehicle is within the
threshold distance a container is automaticallgéabor unloaded onto the autonomous vehicle
without manual intervention and wherein when thmbar of adjustments exceeds the adjustment
maximum, an alarm is triggered to facilitate hunagasied manual loading or unloading of a
container onto the autonomous vehicle.

[0078] 20. A non-transitory computer program product stptinstructions which, when

executed by at least one data processor formirigppat least one computing device, implement
operations comprising: receiving data comprisingui indication that the autonomous vehicle is
within a docking location and (ii) an adjustmergtdnce to place the autonomous vehicle within a
threshold distance of the docking location; idsfimifj, using an external reference point detection
module, an external reference point to the autonusmehicle; and incrementally adjusting, using a
docking module, a position of the autonomous vehiitla first axis based on a distance between the
autonomous vehicle and the external reference paitiiteither (i) the autonomous vehicle is within
the threshold distance of the docking locationipa(number of adjustments exceeds an adjustment

maximum.
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