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DOCKING SYSTEM AND METHODS FOR AUTONOMOUS VEHICLES 

TECHNICAL FIELD 

[0001] The subject matter described herein relates to docking systems for autonomous vehicles. 

BACKGROUND 

[0002] Automation is the use of computing systems to accomplish various tasks without the need 

of human intervention.  Various industries utilize automation to complete tasks, for example, to 

reduce costs and/or improve efficiency.  Example industries include the automotive industry and 

shipping industry.   

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] Aspects of the present disclosure are best understood from the following detailed 

description when read with the accompanying figures: 

[0004] FIG. 1 is a block diagram illustrating a top-down view of an autonomous vehicle docked 

within a docking location within a precise distance of forward and/or backward boundaries in 

accordance with various embodiments of the present disclosure.   

[0005] FIG. 2 is a block diagram illustrating a top-down view of an example application of 

autonomous vehicle docking in accordance with various embodiments of the present disclosure. 

[0006] FIG. 3 is a process flow diagram illustrating steps performed autonomously by the APM 

to incrementally adjust its position within a threshold distance in accordance with various 

embodiments of the present disclosure.   

[0007] FIG. 4 is a process flow diagram illustrating steps performed by an external reference 

point detection module of APM in accordance with various embodiments of the present disclosure. 

[0008] FIGs. 5A-5B show a process flow diagram illustrating control logic executed by a 

docking module for the autonomous incremental positioning performed by APM in accordance with 

various embodiments of the present disclosure.   
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[0009] FIG. 6 is a process flowchart illustrating a method of autonomously docking an 

autonomous vehicle such as APM in accordance with various embodiments of the present disclosure.   

[0010] FIG. 7 illustrates an example system that processes input data and generates output data 

in accordance with various embodiments of the present disclosure.   

[0011] FIG. 8 is a diagram illustrating a sample computing device architecture in accordance 

with various embodiments of the present disclosure. 

SUMMARY 

[0012] In one aspect, a method for autonomously docking an autonomous vehicle includes 

receiving data having (i) an indication that the autonomous vehicle is within a docking location and 

(ii) an adjustment distance to place the autonomous vehicle within a threshold distance of the 

docking location.  An external reference point detection module identifies an external reference point 

to the autonomous vehicle.  A docking module incrementally adjusts a position of the autonomous 

vehicle in a first axis based on a distance between the autonomous vehicle and the external reference 

point until either (i) the autonomous vehicle is within the threshold distance of the docking location 

or (ii) a number of adjustments exceeds an adjustment maximum. 

[0013] In some variations, the threshold distance is less than 5 centimeters of a boundary in the 

first axis of the docking location. 

[0014] In other variations, the data further includes a plurality of light and detection ranging 

(LiDAR) data points. 

[0015] In some variations, the external reference point is identified using the external reference 

point detection module by identifying a subset of the plurality of LiDAR data points located within a 

designated region.  It is determined whether the subset is greater than a threshold value.  Based on 

the subset being greater than the threshold value, a plurality of clusters are generated among the 

subset based on distances between each LiDAR data point.  For each cluster of the plurality of 
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clusters, a distance to an internal reference point on the autonomous vehicle is determined.  A cluster 

of the plurality of clusters having a shortest distance in the first axis to the internal reference point is 

identified. 

[0016] In other variations, the cluster is identified having the shortest distance in the first axis 

and a shortest distance to the internal reference point in a second axis. 

[0017] In some variations, the external reference point has a light reflectivity that is of higher 

intensity than nearby surroundings of the external reference point. 

[0018] In other variations, the position is incrementally adjusted through an iterative series of 

applying and releasing a braking mechanism of the autonomous vehicle. 

[0019] In some variations, the position is incrementally adjusted by determining a brake release 

time.  A braking mechanism is released for a portion of the brake release time.  A total amount of 

time the braking mechanism has been released is evaluated.  After the releasing and the evaluating, if 

the total amount of time is less than the portion of time, it is determined whether a distance the 

autonomous vehicle has moved is within the threshold distance.  The distance is compared with an 

absolute value of a difference between the distance and the adjustment distance.  The releasing, the 

evaluating, and the determining are repeated if the distance is not within the threshold distance. 

[0020] In other variations, the position is further incrementally adjusted by applying the braking 

mechanism, if the total amount of time is not less than the portion of time, for another portion of the 

brake release time.  The determining is repeated until (i) the distance is within the threshold distance 

or (ii) the number of incremental adjustments exceeds five adjustments. 

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

is received from an automatic rail mounted gantry. 
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[0022] In other variations, when the autonomous vehicle is within the threshold distance a 

container is automatically loaded or unloaded onto the autonomous vehicle without manual 

intervention. 

[0023] In some variations, when the number of adjustments exceeds the adjustment maximum, 

an alarm is triggered to facilitate human-aided manual loading or unloading of a container onto the 

autonomous vehicle.   

[0024] The details of one or more variations of the subject matter described herein are set forth 

in the accompanying drawings and the description below.  Other features and advantages of the 

subject matter described herein will be apparent from the description and drawings, and from the 

examples. 

DETAILED DESCRIPTION 

[0025] Autonomous vehicles operate with minimal to no human interaction.  There are 

numerous ways autonomous vehicles are utilized in both personal and commercial settings.  In a 

personal setting, for example, people can use autonomous vehicles to get from point A to point B 

such as driving to or from work or school.  In a commercial setting, autonomous vehicles can be 

used to transport people or goods from point A to point B such as placing goods onto or retrieving 

goods off of stock shelves in retail spaces or storage warehouses or moving shipping containers 

around in a shipping port.  Regardless of the personal or commercial use, autonomous vehicles will 

need to dock (or park) either temporarily or permanently in a particular location.  Precise positional 

movements or adjustments during docking of autonomous vehicles is crucial so as to avoid any 

damage to any surroundings of the autonomous vehicle, the autonomous vehicle itself, or any goods 

or people the autonomous vehicle is transporting.  The systems and methods described herein can be 

used for precision docking of autonomous vehicles within centimeters or less of specific docking 

locations.   
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[0026] The precision described herein may not be attainable by humans due to lack of visibility 

and positional feedback of human eyes.  Additionally, there is inaccuracy involved in inching up the 

autonomous vehicle to a desired stop point.  For example, if the autonomous vehicle initially arrives 

at a docking location and it is approximately 15 cm short of the final docking location, use of the 

braking mechanism alone using human control may not be sufficient for moving the autonomous 

vehicle into the precise location.  This is because when a human releases the braking mechanism, the 

idle speed of the motor will pull the autonomous vehicle further, but the exact amount that the 

autonomous vehicle is pulled forward is indeterminate relative to the precision needed for proper 

placement of the autonomous vehicle.  This can be due to, for example, braking mechanism delay, 

traction conditions, and/or engine idle speed.   

[0027] FIG. 1 is a block diagram 100 illustrating a top-down view of an autonomous vehicle 110 

docked within a docking location 120 within a precise distance of forward and/or backward 

boundaries 120a, 120b in accordance with various embodiments of the present disclosure.  

Autonomous vehicle 110 navigates to the docking location 120 through various positional 

movements (e.g., left and/or right in the y-axis, laterally, forward and/or backward in the x-axis, 

longitudinally).  Docking location 120 is defined by a forward boundary 120a and a backward 

boundary 120b in the x-axis and a right boundary 120c and a left boundary 120d in the y-axis.  Once 

the autonomous vehicle 110 arrives within boundaries 120a-120d of the docking location 120, the 

autonomous vehicle 110 incrementally adjusts its position to be within a precise distance of forward 

and/or backward boundaries 120a, 120b.  In other words, the position of the autonomous vehicle 110 

is adjusted until it is within a threshold distance of the forward and/or backward boundaries 120a, 

120b.  The autonomous vehicle 110 makes these incremental adjustments by comparing a position of 

an internal reference point 124 with one or more positions of external reference points 102, 103, 104, 

105, 106.  The external reference points 102-106 are objects having a higher reflectivity potential 
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than its surrounding such that light can be easily reflected off of it when scanned, for example, using 

light and detection ranging (LiDAR) scanning. 

[0028] When autonomous vehicle 110 arrives within the boundaries 120a-120d of docking 

location 120, it can determine a distance 122a between the forward boundary 120a and a front edge 

of autonomous vehicle 110 and/or a distance 122b between the backward boundary 120b and a back 

edge of autonomous vehicle 110.  The autonomous vehicle 110 utilizes distance 122a and/or 

distance 122b to determine whether it needs to move forward or backward in the x-axis to be within 

centimeters or less of a threshold distance.  The distance 122a and/or distance 122b are provided to 

the autonomous vehicle 110 from an external data source (EDS) 150 via transmitted data 152.  The 

external data source 15 determines a ground truth distance (e.g., distance 122a and/or distance 122b) 

autonomous vehicle 110 has to move in order to be within a threshold distance. The autonomous 

vehicle 110 continuously monitors how far it has traveled (e.g., distance 122a and/or distance 122b) 

by calculating a distance between the internal reference point 124 and one of the external reference 

points 102-106.  This distance can be calculated using a series of scanning data points provided by a 

scanning device(s) 125 of the autonomous vehicle 110.  Scanning device(s) 125 can be, for example, 

a LiDAR device.  When the distance 122a and/or distance 122b is within centimeters or less of a 

threshold distance, the autonomous vehicle ceases its incremental adjustments.  Autonomous vehicle 

110 may include a localization system (not shown) that can be used to determine its position.  The 

position determined by the localization system, however, may not be precise enough within 

centimeters or less of the threshold.  Instead, the autonomous vehicle relies upon the distance 

between the internal reference point 124 and one of the external reference points 102-106.   

[0029] FIG. 2 is a block diagram 200 illustrating a top-down view of an example application of 

autonomous vehicle docking in accordance with various embodiments of the present disclosure.  The 

example application of FIG. 2 is specific to the shipping industry.  However, it can be appreciated by 
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those of ordinary skill in the art that this is merely an example for illustrative purposes.  In a 

shipping port such as a container transshipment hub, an example EDS 150 is an automatic rail 

mounted gantry and an example autonomous vehicle 110 is an autonomous platform mover (APM) 

such as an autonomous prime mover.  In this example, the automatic rail mounted gantries and 

autonomous prime movers are used to move shipping containers, such as those carrying various 

goods, across different container yard blocks.  Mounting and/or offloading containers onto the 

APMs is handled by the EDMs automatically.  To enable this automatic process, APMs dock the 

containers at designated slots with an accuracy or precision (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 APM head 212 and a APM trailer 214.  

The APM head 212 can include one or more LiDAR devices 270.  In some variations, one LiDAR 

device can perform scanning on the left side of the APM 210 and a second LiDAR device can 

perform scanning on the right side of the APM 210.  The APM 210 docks in a docking location 260 

along a fence line 220.  The fence line 220 separates the APM 210 from a container yard having a 

number of shipping containers such as shipping container 230 and shipping container 240.  The 

fence line 220 includes a number of fence poles 221, 222, 223, 224, 225 with spacing between each 

pole.  Docking of the APM 210 within a precise distance (e.g., distance 260a, 260b) of the docking 

location 260 is critical to ensure safe onload and/or offload of shipping container 220 onto APM 

trailer 214.  The APM 210 autonomously navigates itself to the docking location 260 (e.g., performs 

initial docking).  This initial docking, however, is not precise within a threshold distance and the 

APM 210 needs further adjustment to ensure it is within a threshold distance (e.g., 0 to 5 cm) of the 

forward boundary 260c and/or backward boundary 260d of docking location 260.  The APM 210 

autonomously and incrementally adjusts its position as described in detail in FIGs. 3-5.  More 

specifically, APM 210 communicates with EDS 250 to receive ground truth distance data 252 (e.g., 
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distance 260b and distance 260c) to determine how far off from a threshold distance the APM 210 is.  

The APM uses ground truth distance data 252 to assist in its incremental adjustments.  APM 210 

utilizes an internal reference point 218 of the APM trailer 214 and determines a distance to one of 

the fence poles 221-225.  This distance is determined using LiDAR data points provided by the 

LiDAR device(s) 270 of the APM 210, as described in more detail in FIG. 4.  Once the APM 210 is 

docked by the EDS 250 and refines its adjustments within the docking location 260, shipping 

container 230 can be onloaded onto APM trailer 214 or offloaded from APM trailer 214 into 

container location 216 designated by dotted lines on the APM trailer 214.   

[0031] FIG. 3 is a process flow diagram 300 illustrating steps performed autonomously by the 

APM 210 to incrementally adjust its position within a threshold distance in accordance with various 

embodiments of the present disclosure.  For ease of understanding and illustration purposes only, 

FIG. 3 is discussed with reference to the shipping industry example continued from FIG. 2.  

However, it can be appreciated by those of ordinary skill in the art that such example can be 

applicable to any industry or scenario where an autonomous vehicle is docked in a docking location.  

The docking process initiates at step 302 when APM 210 arrives at the docking location 260.  The 

APM 210 initially navigates itself to the docking location 260 autonomously.  The APM 210 

evaluates at step 304 whether it has arrived within the boundaries 260c, 260d, 260e, 260f of the 

docking location 260.  If the APM 210 is within the boundaries 260c-260f of the docking location 

260, then it enters an adjustment mode at step 306 to incrementally adjust its position to be within a 

threshold distance.  Otherwise, step 302 repeats and the APM 210 continues to navigate itself to the 

docking location 260.   

[0032] Once APM 210 enters its adjustment mode in step 306, the APM 210 attempts to detect 

or identify at least one external reference point, such as one of the fence poles 221-225 along fence 

line 220, at step 308.  APM 210 uses an external reference point detection module to determine 
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which external reference point (e.g., at least one of fence poles 221-225) is nearest to the internal 

reference point 218.  A detailed description of the external reference point detection module 

functionality is described in FIG. 4.  If APM 210 is unable to detect any external reference point 

such as one of the fence poles 221-225, then a manual intervention is triggered at step 310 to onload 

the shipping container 230 onto APM trailer 214 or offload the shipping container 230 from the 

APM trailer 214.  If APM 210 is able to detect one of the external reference points such as one of the 

fence poles 221-225, a distance in the x-direction between the internal reference point 218 and one 

of the fence poles 221-225 is determined.  This distance is an initial distance used for calculating a 

travel distance of APM 210.  In addition to this distance, the EDS 250 provides a ground truth 

distance to the APM 210 via data 252.  The ground truth distance is determined by the EDS 250 

through continual laser scanning.  The EDS 250 can include one or more three dimensional (3D) 

laser scanners (not shown in FIG. 2).  The laser scanners can facilitate scanning of the APM 210 

from various angles and calculate the ground truth distance between the APM 210 and the docking 

location 260.  The APM 210 receives this ground truth distance from the EDS 250 and uses it as an 

initial distance to determine an adjustment distance that the APM 210 needs to move in order to 

achieve the threshold distance.  APM 210 continuously monitors for the receipt of the adjustment 

distance from EDS 250 at step 312.  While APM 210 awaits the adjustment distance from the EDS 

250, it applies a braking mechanism at step 314.  Once the APM 210 receives the adjustment 

distance from EDS 250, APM 210 incrementally adjusts its own position in steps 318 and 320 as 

described in detail in FIG. 4.  Once the APM210 has traveled  distance that is within the threshold 

distance, the adjustment is complete at step 322. 

[0033] FIG. 4 is a process flow diagram 400 illustrating steps performed by an external reference 

point detection module of APM 210 in accordance with various embodiments of the present 

disclosure.  For ease of understanding and illustration purposes only, FIG. 4 is discussed with 
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reference to the shipping industry example continued from FIGs. 2-3.  However, it can be 

appreciated by those of ordinary skill in the art that such example can be applicable to any industry 

or scenario where an autonomous vehicle is docked in a docking location.   

[0034] In order to precisely dock autonomous vehicle 210 with a threshold distance of 

boundaries 260c-260d of docking location 260, an external reference point such as one of fence 

poles 221-225, is identified.  Positions of the external reference points are determined using LiDAR 

scanning data using the LiDAR device(s) 270 at step 402. The LiDAR scanning data is made up of a 

number of individual LiDAR data points.  These LiDAR data points are classified by the external 

reference point detection module based on intensity values.  For example, any LiDAR data points 

having intensities higher than for example, 100, are classified as valid lidar points.  This is because 

the fence poles 221-225 are highly reflective as compared to the fence line 220.  To accelerate the 

filtering process, the external reference point detection module searches at step 404 for valid LiDAR 

data points in a designated region of a known external reference point position.  The designated 

region can be an 3D area surrounding the known external reference point.  In the context of the 

shipping industry example, the designated range of is defined as approximately -1.0m < x < 2.4m 

1.8m < y < 2.8m, 0.0m < z < 0.45m, and 1.1m < z < 1.6m for fence poles on the left side of APM 

210.  For fence poles on the right side of APM 210, the designated range is defined as -1.0m < x < 

2.4m, -2.8m < y < -1.8m, 0.0m < z <0.45m, and 1.1m < z < 1.6m for fence poles on the right side of 

APM 210.  The external reference point detection module scans the collected LiDAR data points at 

step 404 for a subset of data points within these designated ranges.  To determine whether a pole is 

detected, the number of data points in the subset is compared to a threshold data point value at step 

402.  This threshold data point value is set based on the selected external reference point.  For 

example, in the context of the shipping industry example in FIG. 2, the number of LiDAR data 

points in the designated region is greater than 70 in order for effective fence pole detection.  If the 
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number of valid LiDAR data points is less than or equal to the threshold data point value, then it is 

determined by the external reference point detection module that a pole cannot be found at step 408 

and the external reference point detection module generates output data indicating same.   

[0035] If the number of valid LiDAR data points is greater than the threshold data point value, 

the external reference point detection module clusters the subset of LiDAR data points based on the 

Euclidean distance between each LiDAR data point in the subset.  The Euclidean distance in a three-

dimensional space is defined as: 

���, �� = ���	 − �	�� + ��� − ���� + ��
 − �
�     (1) 

where p and q each represent a different LiDAR data point in the subset having coordinates (p1, p2, 

p3) and (q1, q2, q3), respectively.  Clusters are formed using a Euclidean distance threshold.  A 

LiDAR data point is added to an existing cluster if the minimum Euclidean distance between the 

LiDAR data point and other LiDAR data points within the existing cluster is less than the Euclidean 

distance threshold.  Otherwise, a new cluster is formed with that LiDAR data point. 

[0036] Once the clusters are formed, the external reference point detection module loops through 

each of the clusters to determine a distance in the y-axis between the cluster and the internal 

reference point 218.  After looping through all the clusters, the external reference point detection 

module identifies one cluster having the smallest lateral distance in the y-axis to the internal 

reference point 218 on the APM 210.  Equation (1) is used to determine this distance using a center 

of the cluster as one coordinate and the internal reference point 218 as the other coordinate.  The 

center of the cluster can be an average value of the data points within that cluster.  The other clusters 

(e.g., the remaining clusters that do not have the smallest lateral distance) are discarded at step 412.  

In other words, the clusters having a lateral distance that is larger than the smallest lateral distance 

are discarded.  This discarding avoids misclassification of other surrounding objects as external 

reference points, such as the EDS 250.  It is possible to detect multiple external reference points 



 
 
 
 

-12- 

should a small distance gap be present between the external reference points.  For example, turning 

back to FIG. 2, a gap of approximately 0.6m for some shipping containers such as those requiring 

refrigeration.  To differentiate these external reference points from others, the external reference 

point detection module identifies the external reference points having the shortest longitudinal 

distance to the internal reference point 218 as the external reference point for adjustments.  The 

external reference point detection module outputs a position of the external reference point at step 

416 based on a calculated average of the LiDAR data points within the selected cluster. 

[0037] FIGs. 5A-5B show a process flow diagram 500 illustrating control logic executed by a 

docking module for the autonomous incremental positioning performed by APM 210 in accordance 

with various embodiments of the present disclosure.  For ease of understanding and illustration 

purposes only, FIG. 5 is discussed with reference to the shipping industry example continued from 

FIGs. 2-4.  However, it can be appreciated by those of ordinary skill in the art that such example can 

be applicable to any industry or scenario where an autonomous vehicle is docked in a docking 

location.  Docking of the APM 210 within a precise accuracy of a few centimeters or less (e.g., 0-

5cm) can be challenging given the APM 210 has a length in the tens of meters (e.g., 10-20m).  

Additionally, because the APM 210 is so large, there can be a brake delay.  In order to account for 

brake delays, speeds of the APM 210 are kept as low as possible when making the incremental 

position adjustments.  For example, a throttle percentage of the APM 210 is set to be approximately 

1% throughout the incremental adjustments.  To make incremental positional adjustments, the APM 

210 applies its brakes for a certain period of time (e.g., 0-5 seconds) and then releases a braking 

mechanism for another amount of time (e.g., 0-5 seconds).  This sequential braking and releasing 

process is repeated for many cycles to incrementally adjust the position of the APM 210 until the 

APM 210 is within the threshold distance.  The braking mechanism is applied at approximately 40% 

to facilitate stopping of the APM 210.  It is the modulation of the brake release time that controls the 
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incremental distance the APM 210 moves per actuation cycle.  The longer the brake release time is, 

the larger the distance the APM 210 moves in one cycle.   

[0038] As previously discussed in FIG. 3, APM 210 continuously monitors for the receipt of the 

adjustment distance from EDS 250 at step 312.  The control logic for making incremental 

adjustments initiates at step 502 when the adjustment distance (e.g., d_adj) is received from the EDS 

250.  Once the adjustment distance is received from the EDS 250, APM 210 sets an initial brake 

release time (e.g., t_release of 0-5 seconds) based on the adjustment distance at step 504.  The initial 

brake release time can be obtained through a large amount of experimental data.  For example, when 

the adjustment distance is greater than approximately 0.2m, the initial brake release time is set to be 

approximately 1s.  If the adjustment distance lies in between approximately 0.1m and approximately 

0.2m, the initial brake release time is set to be 0.6s.  The brake release time is further reduced to be 

approximately 0.4s when the adjustment distance is less than approximately 0.1m.   

[0039] After setting the initial brake release time, the docking module is triggered at a frequency 

of approximately 10Hz.  The braking mechanism is released for a portion of the initial brake release 

time at step 506.  The docking module records an accumulated brake release time (e.g., t_accu - 

duration of time the braking mechanism has been released cumulatively) at step 508.  This 

accumulated brake release time (e.g., t_accu) is compared with the initial brake release time (e.g., 

t_release) at step 510.  If the accumulated brake release time is less than the initial brake release time 

(e.g., t_accu < t_release), then the distance between the internal reference point 218 and the external 

reference point (e.g., one of the fence poles 221-225) is measured to compute a traveled distance 

(e.g., d_move) of the APM 210 at step 512.  The docking module evaluates the difference between 

an absolute value of the traveled distance (e.g., d_move) and the adjustment distance (e.g., d_adj) 

compared with approximately half of the threshold distance at step 514.  The threshold accuracy is 

less than the threshold distance to compensate for any measurement errors from the scanning 
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performed by the EDS 250.  If this absolute value is not less than approximately half of the threshold 

distance, then steps 506-514 are repeated.  Alternatively, if the absolute value is less than or equal to 

approximately half of the threshold distance, then a count of the number of adjustments is 

incremented by one at step 516.  The count is compared to a value of 5 at step 518.  If the count is 

greater than 5, then the adjustment cycle is terminated at step 520.  Alternatively, if the count is not 

greater than or equal to 5 the braking mechanism of the APM 210 are kept on (e.g., still applied) at 

step 522.  A distance between the internal reference point 218 and the external reference point is 

calculated at step 524.  Using this distance, the adjustment distance is modified at step 526 and the 

adjustment process resumes for another cycle at step 504. 

[0040] Returning back to step 510, if the accumulated brake release time is not less than the 

initial brake release time (e.g., t_accu < t_release), then the braking mechanism is applied for a small 

time increment (e.g., 0.1s) at step 528.  The docking module records an accumulated brake apply 

time (e.g., t_accu - duration of time the braking mechanism has been applied cumulatively) at step 

530.  The accumulated brake apply time is compared with a short time duration (e.g., 1s) at step 532.  

If the accumulated brake apply time is less than the short time duration then the distance between the 

internal reference point 218 and the external reference point (e.g., one of the fence poles 221-225) is 

measured to compute a traveled distance (e.g, d_move) of the APM 210 at step 534.  The docking 

module then evaluates the difference between an absolute value of the traveled distance (e.g., 

d_move) and the adjustment distance (e.g., d_adj) compared with approximately half of the 

threshold distance at step 536.  If this absolute value is less than half of the threshold distance, then 

the docking module proceeds to step 516.  Alternatively, if this absolute value is not less than half of 

the threshold distance, then the docking module repeats steps 528-532.   

[0041] Returning back to step 532, if the accumulated time not less than the short time duration 

or is equal to the short time duration, a total traveled distance (e.g., d_cycle) in one actuation cycle is 
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calculated at step 538 to benchmark with the adjustment distance or threshold distance.  The docking 

module determines the distance between the internal reference point 218 and the external reference 

point (e.g., one of the fence poles 221-225) is measured to compute a traveled distance (e.g, 

d_move) of the APM 210 at step 540.  The docking modules compares a portion of the adjustment 

distance threshold (e.g., 0.2m) with the absolute value of the difference between the adjustment 

distance and the traveled distance.  If the absolute value is greater than the portion of the adjustment 

distance threshold (e.g., 0.2m), then the quotient of the total traveled distance in one actuation cycle 

(e.g., d_cycle) and the adjustment distance (e.g., d_adj) is compared with a percentage value (e.g., 

25% or 0.25) at step 544.  A ratio below the percentage value indicates the traveled distance in one 

actuation cycle is too small.  In other words, if the quotient is less than the percentage value, the 

docking module increases the brake release time by small time duration (e.g., 0.1s) at step 546 for 

the next actuation cycle, which resumes at step 506.  Alternatively, returning to step 544, if the 

quotient is not less than the percentage value, then the brake release time (or initial brake release 

time) remains unchanged at step 552 and the docking module resumes at step 506. 

[0042] Returning to step 542, if the absolute value is less than or equal to the portion of the 

adjustment distance threshold (e.g., 0.2m), then the absolute value is compared with an even smaller 

portion of the adjustment distance threshold (e.g., 0.1m) at step 548.  If the absolute value is greater 

than or equal to the even smaller adjustment distance threshold, then a quotient of the total traveled 

distance in one actuation cycle (e.g., d_cycle) and the portion of the adjustment distance (e.g., 0.2m) 

is compared with the percentage value (e.g., 25%) at step 552.  If the quotient is less than the 

percentage value, the docking module increases the brake release time by small time duration (e.g., 

0.1s) at step 546 for the next actuation cycle, which resumes at step 506.  Alternatively, if the 

quotient is not less than or is equal to the percentage value, then the brake release time (or initial 

brake release time) remains unchanged at step 552 and the docking module resumes at step 506.   
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[0043] Returning to step 548, if the quotient is not greater than the smaller portion of the 

adjustment distance threshold (e.g., 0.1m), then another quotient of the total distance traveled in one 

actuation cycle (e.g., d_cycle) and the smaller portion of the adjustment distance (e.g., 0.1m) is 

compared with the percentage value at step 554. If that quotient is less than or equal to the 

percentage value, then the docking module increases the brake release time by small time duration 

(e.g., 0.1s) at step 546 for the next actuation cycle, which resumes at step 506.  Alternatively, if the 

quotient is not less than or is equal to the percentage value, then the brake release time (or initial 

brake release time) remains unchanged at step 552 and the docking module resumes at step 506.   

[0044] Despite the foregoing, the adjustment cycles described in FIG. 5 could be terminated in 

any actuation step once the APM 210 is within the threshold distance of the docking location.  

However, to account for any delays in the braking mechanism, it is possible that the actual docking 

position error is greater than the threshold distance.  To accommodate for this, the whole adjustment 

cycle can be repeated until the final docking position error is less than threshold distance or the 

number of adjustment cycles is larger than 5. 

[0045] FIG. 6 is a process flowchart 600 illustrating a method of autonomously docking an 

autonomous vehicle such as APM 210 in accordance with various embodiments of the present 

disclosure.  At step 602, data 252 is received that includes (i) an indication that the autonomous 

vehicle (e.g., APM 210) is within a docking location 260 and (ii) an adjustment distance (e.g., 

d_adju) to place the autonomous vehicle within a threshold distance of the docking location 260. 

Using an external reference point detection module, an external reference point such as one of fence 

poles 221-225 to the autonomous vehicle are determined at step 604 using the various steps 

described in FIG. 4.  Using a docking module, a position of the autonomous vehicle is incrementally 

adjusted at step 606 in a first axis based on a distance between the autonomous vehicle and the 

external reference point as described in detail in FIG. 5. 
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[0046] FIG. 7 illustrates an example system 700 that processes input data 720 and generates 

output data 730 in accordance with various embodiments of the present disclosure.  The input data 

can be, for example, data 252 received from EDS 250.  This data can include any of LiDAR data 

points from LiDAR scanning, an adjustment distance (e.g., d_adj), or an indication that the 

autonomous vehicle such as APM 210 is within docking location 260.   

[0047] The system 700 includes one or more processing systems 710.  Processing system 1610 

includes a docking module 712, an external reference point detection module 714, and data storage 

716.  The input data 720 may be received by the processing system 710 via a communications 

network, e.g., an Internet, an intranet, an extranet, a local 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 may also be received via a wireless, a wired, and/or 

any other type of connection.  The input data 720 is processed by the docking module 712 and/or the 

external reference point detection module 714 utilizing the algorithms described in detail in FIGs. 4-

5.   

[0048] Processing system 710 may be implemented using software, hardware and/or any 

combination of both.  Processing system 710 may also be implemented in a personal computer, a 

laptop, a server, a mobile telephone, a smartphone, a tablet, cloud, and/or any other type of device 

and/or any combination of devices.  The docking module 712 and/or the external reference point 

detection module 714 may perform execution, compilation, and/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 for storage of data processed by processing 

system 710 and may include any type of memory (e.g., a temporary memory, a permanent memory, 

and/or the like). 
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[0050] Output data 730 can include any data generated by the docking module 712 or the 

external reference point detection module 714 such as an indication that an external reference point 

cannot be found, command data to the braking mechanism to enable or disable braking functionality, 

and the like.  Output data 730 can also include any data stored within data storage component 716. 

[0051] FIG. 8 is a diagram 800 illustrating a sample computing device architecture for 

implementing various aspects described herein in which certain components can be omitted 

depending on the application.  A bus 804 can serve as the information highway interconnecting the 

other illustrated components of the hardware.  A processing system 808 labeled CPU (central 

processing unit) (e.g., one or more computer processors / data processors at a given computer or at 

multiple computers) and/or a GPU-based processing system 810 can perform calculations and logic 

operations required to execute a program.  A non-transitory processor-readable storage medium, 

such as read only memory (ROM) 812 and random access memory (RAM) 816, can be in 

communication with the processing system 808 and can include one or more programming 

instructions for the operations specified here.  Optionally, program instructions can be stored on a 

non-transitory computer-readable storage medium such as a magnetic disk, optical disk, recordable 

memory device, flash memory, or other physical storage medium.     

[0052] In one example, a disk controller 848 can interface with one or more optional disk drives 

to the system bus 804.  These disk drives can be external or internal floppy disk drives such as 860, 

external or internal CD-ROM, CD-R, CD-RW or DVD, or solid state drives such as 852, or external 

or internal hard drives 856.  As indicated previously, these various disk drives 852, 856, 860 and 

disk controllers are optional devices.  The system bus 804 can also include at least one 

communication port 820 to allow for communication with external devices either physically 

connected to the computing system or available externally through a wired or wireless network.  In 
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some cases, the at least one communication port 820 includes or otherwise comprises a network 

interface. 

[0053] To provide for interaction with a user, the subject matter described herein can be 

implemented on a computing device having a display device 840 (e.g., a CRT (cathode ray tube) or 

LCD (liquid crystal display) monitor) for displaying information obtained from the bus 804 via a 

display interface 814 to the user and an input device 832 such as keyboard and/or a pointing device 

(e.g., a mouse or a trackball) and/or a touchscreen by which the user can provide input to the 

computer.  Other kinds of input devices 832 can be used to provide for interaction with a user as 

well; for example, feedback provided to the user can be any form of sensory feedback (e.g., visual 

feedback, auditory feedback by way of a microphone 836, or tactile feedback); and input from the 

user can be received in any form, including acoustic, speech, or tactile input.  The input device 832 

and the microphone 836 can be coupled to and convey information via the bus 804 by way of an 

input device interface 828.  Other computing devices, such as dedicated servers, can omit one or 

more of the display 840 and display interface 814, the input device 832, the microphone 836, and 

input device interface 828.  

[0054] One or more aspects or features of the subject matter described herein can be realized in 

digital electronic circuitry, integrated circuitry, specially designed application specific integrated 

circuits (ASICs), field programmable gate arrays (FPGAs) computer hardware, firmware, software, 

and/or combinations thereof.  These various aspects or features can include implementation in one or 

more computer programs that are executable and/or interpretable on a programmable system 

including at least one programmable processor, which can be special or general purpose, coupled to 

receive data and instructions from, and to transmit data and instructions to, a storage system, at least 

one input device, and at least one output device.  The programmable system or computing system 

may include clients and servers.  A client and server are generally remote from each other and 
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typically interact through a communication network.  The relationship of client and server arises by 

virtue of computer programs running on the respective computers and having a client-server 

relationship to each other. 

[0055] These computer programs, which can also be referred to as programs, software, software 

applications, applications, components, or code, include machine instructions for a programmable 

processor, and can be implemented in a high-level procedural language, an object-oriented 

programming language, a functional programming language, a logical programming language, 

and/or in assembly/machine language.  As used herein, the term “machine-readable medium” refers 

to any computer program product, apparatus and/or device, such as for example magnetic discs, 

optical disks, memory, and Programmable Logic Devices (PLDs), used to provide machine 

instructions and/or data to a programmable processor, including a machine-readable medium that 

receives machine instructions as a machine-readable signal.  The term “machine-readable signal” 

refers to any signal used to provide machine instructions and/or data to a programmable processor.  

The machine-readable medium can store such machine instructions non-transitorily, such as for 

example as would a non-transient solid-state memory or a magnetic hard drive or any equivalent 

storage medium.  The machine-readable medium can alternatively or additionally store such 

machine instructions in a transient manner, such as for example as would a processor cache or other 

random access memory associated with one or more physical processor cores. 

[0056] In the descriptions above and in the examples, phrases such as “at least one of” or “one or 

more of” may occur followed by a conjunctive list of elements or features.  The term “and/or” may 

also occur in a list of two or more elements or features.  Unless otherwise implicitly or explicitly 

contradicted by the context in which it is used, such a phrase is intended to mean any of the listed 

elements or features individually or any of the recited elements or features in combination with any 

of the other recited elements or features.  For example, the phrases “at least one of A and B;” “one or 
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more of A and B;” and “A and/or B” are each intended to mean “A alone, B alone, or A and B 

together.”  A similar interpretation is also intended for lists including three or more items.  For 

example, the phrases “at least one of A, B, and C;” “one or more of A, B, and C;” and “A, B, and/or 

C” are each intended to mean “A alone, B alone, C alone, A and B together, A and C together, B and 

C together, or A and B and C together.”  In addition, use of the term “based on,” above and in the 

examples is intended to mean, “based at least in part on,” such that an unrecited feature or element is 

also permissible. 

[0057] The subject matter described herein can be embodied in systems, apparatus, methods, 

and/or articles depending on the desired configuration.  The implementations set forth in the 

foregoing description do not represent all implementations consistent with the subject matter 

described herein.  Instead, they are merely some examples consistent with aspects related to the 

described subject matter.  Although a few variations have been described in detail above, other 

modifications or additions are possible.  In particular, further features and/or variations can be 

provided in addition to those set forth herein.  For example, the implementations described above 

can be directed to various combinations and subcombinations of the disclosed features and/or 

combinations and subcombinations of several further features disclosed above.  In addition, the logic 

flows depicted in the accompanying figures and/or described herein do not necessarily require the 

particular order shown, or sequential order, to achieve desirable results.  Other implementations may 

be within the scope of the following examples. 

[0058] Examples: 

[0059] 1.  A method for autonomously docking an autonomous vehicle, the method comprising: 

receiving data comprising (i) an indication that the autonomous vehicle is within a docking location 

and (ii) an adjustment distance to place the autonomous vehicle within a threshold distance of the 

docking location; identifying, using an external reference point detection module, an external 
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reference point to the autonomous vehicle; and incrementally adjusting, using a docking module, a 

position of the autonomous vehicle in a first axis based on a distance between the autonomous 

vehicle and the external reference point until either (i) the autonomous vehicle is within the 

threshold distance of the docking location or (ii) a number of adjustments exceeds an adjustment 

maximum. 

[0060] 2.  The method of example 1, wherein the threshold distance is less than 5 centimeters of 

a boundary in the first axis of the docking location. 

[0061] 3.  The method of example 1, wherein the data further comprises a plurality of light and 

detection ranging (LiDAR) data points. 

[0062] 4.  The method of example 3, wherein the external reference point is identified using the 

external reference point detection module by: identifying a subset of the plurality of LiDAR data 

points located within a designated region; determining whether the subset is greater than a threshold 

value; based on the subset being greater than the threshold value, generating a plurality of clusters 

among the subset based on distances between each LiDAR data point; for each cluster of the 

plurality of clusters, determining a distance to an internal reference point on the autonomous vehicle; 

and identifying a cluster of the plurality of clusters having a shortest distance in the first axis to the 

internal reference point. 

[0063] 5.  The method of example 4, wherein the cluster is identified having the shortest distance 

in the first axis and a shortest distance to the internal reference point in a second axis. 

[0064] 6.  The method of example 1, wherein the external reference point has a light reflectivity 

that is of higher intensity than nearby surroundings of the external reference point. 

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

series of applying and releasing a braking mechanism of the autonomous vehicle. 
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[0066] 8.  The method of example 1, wherein the position is incrementally adjusted by: 

determining a brake release time; releasing a braking mechanism for a portion of the brake release 

time; evaluating a total amount of time the braking mechanism has been released; determining, after 

the releasing and the evaluating, if the total amount of time is less than the portion of time, whether a 

distance the autonomous vehicle has moved is within the threshold distance, wherein the distance is 

compared with an absolute value of a difference between the distance and the adjustment distance; 

and repeating the releasing, the evaluating, and the determining if the distance is not within the 

threshold distance. 

[0067] 9.  The method of example 8, wherein the position is further incrementally adjusted by: 

applying the braking mechanism, if the total amount of time is not less than the portion of time, for 

another portion of the brake release time; and repeating the determining until (i) the distance is 

within the threshold distance or (ii) the number of incremental adjustments exceeds five adjustments. 

[0068] 10.  The method of example 1, wherein the autonomous vehicle is an autonomous prime 

mover and the data is received from an automatic rail mounted gantry. 

[0069] 11.  The method of example 1, wherein when the autonomous vehicle is within the 

threshold distance a container is automatically loaded or unloaded onto the autonomous vehicle 

without manual intervention. 

[0070] 12.  The method of example 1, wherein when the number of adjustments exceeds the 

adjustment maximum, an alarm is triggered to facilitate human-aided manual loading or unloading 

of a container onto the autonomous vehicle.   

[0071] 13. A system comprising: at least one data processor; and memory storing instructions, 

which when executed by at least one data processor, result in operations for implementing operations 

comprising: receiving data comprising (i) an indication that the autonomous vehicle is within a 

docking location and (ii) an adjustment distance to place the autonomous vehicle within a threshold 
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distance of the docking location; identifying, using an external reference point detection module, an 

external reference point to the autonomous vehicle; and incrementally adjusting, using a docking 

module, a position of the autonomous vehicle in a first axis based on a distance between the 

autonomous vehicle and the external reference point until either (i) the autonomous vehicle is within 

the threshold distance of the docking location or (ii) a number of adjustments exceeds an adjustment 

maximum. 

[0072] 14.  The system of example 13, wherein the threshold distance is less than 5 centimeters 

of a boundary in the first axis of the docking location. 

[0073] 15.  The system of example 13, wherein the data further comprises a plurality of light and 

detection ranging (LiDAR) data points and wherein the external reference point is identified using 

the external reference point detection module by: identifying a subset of the plurality of LiDAR data 

points located within a designated region; determining whether the subset is greater than a threshold 

value; based on the subset being greater than the threshold value, generating a plurality of clusters 

among the subset based on distances between each LiDAR data point; for each cluster of the 

plurality of clusters, determining a distance to an internal reference point on the autonomous vehicle; 

and identifying a cluster of the plurality of clusters having a shortest distance in the first axis to the 

internal reference point, wherein the cluster is identified having the shortest distance in the first axis 

and a shortest distance to the internal reference point in a second axis. 

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

reflectivity that is of higher intensity than nearby surroundings of the external reference point. 

[0075] 17.  The system of example 13, the position is incrementally adjusted through an iterative 

series of applying and releasing a braking mechanism of the autonomous vehicle by: determining a 

brake release time; releasing a braking mechanism for a portion of the brake release time; evaluating 

a total amount of time the braking mechanism has been released; determining, after the releasing and 
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the evaluating, if the total amount of time is less than the portion of time, whether a distance the 

autonomous vehicle has moved is within the threshold distance, wherein the distance is compared 

with an absolute value of a difference between the distance and the adjustment distance; repeating 

the releasing, the evaluating, and the determining if the distance is not within the threshold distance; 

applying the braking mechanism, if the total amount of time is not less than the portion of time, for 

another portion of the brake release time; and repeating the determining until (i) the distance is 

within the threshold distance or (ii) the number of incremental adjustments exceeds five adjustments. 

[0076] 18.  The system of example 13, wherein the autonomous vehicle is an autonomous prime 

mover and the data is received from an automatic rail mounted gantry. 

[0077] 19.  The system of example 13, wherein when the autonomous vehicle is within the 

threshold distance a container is automatically loaded or unloaded onto the autonomous vehicle 

without manual intervention and wherein when the number of adjustments exceeds the adjustment 

maximum, an alarm is triggered to facilitate human-aided manual loading or unloading of a 

container onto the autonomous vehicle.   

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

executed by at least one data processor forming part of at least one computing device, implement 

operations comprising: receiving data comprising (i) an indication that the autonomous vehicle is 

within a docking location and (ii) an adjustment distance to place the autonomous vehicle within a 

threshold distance of the docking location; identifying, using an external reference point detection 

module, an external reference point to the autonomous vehicle; and incrementally adjusting, using a 

docking module, a position of the autonomous vehicle in a first axis based on a distance between the 

autonomous vehicle and the external reference point until either (i) the autonomous vehicle is within 

the threshold distance of the docking location or (ii) a number of adjustments exceeds an adjustment 

maximum.   


