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CLAIMS 

 

1. A method of docking a wheelchair relative to an object, the method comprising: 

converting a user-selected 2D point in a two-dimensional (2D) image of a scene into 

a three-dimensional (3D) point in a 3D point cloud of the scene; 

determining a first group of edges from the 3D point cloud based on the 3D point, 

the first group of edges including an approximated reference edge of the object;  

defining an intermediate dock pose spaced apart from the approximated reference 

edge by a spacing; 

determining a second group of edges from the 3D point cloud, the second group of 

edges including at least one potential reference edge, the at least one potential 

reference edge being based on a plurality of intersections between the second 

group of edges and respective projection lines between a plurality of random 

points of the 3D point cloud from within the second group of edges and the 

intermediate dock pose; 

determining a dock pose based on one of the at least one potential reference edge; 

and 

moving the wheelchair towards the dock pose. 

 

2. The method as recited in claim 1, comprising: 

presenting the 2D image via a user interface as an RGB (Red Green Blue) image as 

viewed from the wheelchair, the 2D image being made up of a plurality of pixels, 

any of the plurality of pixels being available for selection as the user-selected 

2D point; and 

receiving the user-selected 2D-point as user input before obtaining the 3D point 

cloud, wherein the 3D point cloud is generated about the 3D point. 
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3. The method as recited in claim 1 or claim 2, wherein the 2D image comprises a partial 

image of the object. 

 

4. The method as recited in any one of claims 1 to 3, wherein the determining the dock pose 

comprises: 

fitting the at least one potential reference edge with a geometric model of the object; 

projecting the intermediate dock pose onto the geometric model to form a projection; 

and 

adding an offset to the projection, such that the dock pose is spaced apart from the 

object by at least the offset.  

 

5. The method as recited in any one of claims 1 to 4, further comprising: determining the 

dock pose from a plurality of search poses responsive to a sum of cost within a footprint 

of the wheelchair exceeding a threshold. 

 

6. The method as recited in any one of claims 1 to 5, further comprising: determining a path 

of motion for the wheelchair from a current position to the dock pose via a 2D costmap. 

 

7. The method as recited in claim 6, further comprising: removing a portion of the object 

from the 2D costmap, wherein a width of the portion of the object corresponds to a width 

of the wheelchair moving under the object. 
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8. The method as recited in any one of claims 1 to 7, further comprising: iteratively updating 

the 3D point cloud based on a plurality of 2D images acquired at various time instants 

concurrently with the moving of the wheelchair. 

 

9. The method as recited in claim 8, further comprising: iteratively updating the 

intermediate dock pose in response to the updating of the 3D point cloud. 

 

10. The method as recited in claim 8 or claim 9, further comprising: iteratively fitting the at 

least one potential reference edge with the geometric model based on an updated 3D 

point cloud. 

 

11. The method as recited in any one of claims 1 to 10, further comprising: 

determining a respective perpendicular pose for each of the at least one potential 

reference edge; and 

selecting one of the at least one potential reference edge having a corresponding 

perpendicular pose within a threshold angle relative to the intermediate dock 

pose.  

 

12. The method as recited in claim 11, wherein the threshold angle is one selected from a 

range from 25 degrees to 65 degrees. 

 

13. The method as recited in any one of claims 1 to 12, further comprising: determining the 

first group of edges based on a convex hull of a first group of points from the 3D point 

cloud, wherein the first group of points are within a predetermined range of height values. 
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14. The method as recited in claim 12, wherein the predetermined range of height values is 

from 0.75 m to 1.2 m. 

 

15. The method as recited in any of the above claims, further comprising: determining the 

second group of edges based on a concave hull of a second group of points of the 3D 

point cloud, wherein the second group of points are within a sampled region, wherein 

the intermediate dock pose faces the sampled region. 

 

16. The method as recited in any one of claims 1 to 15, further comprising: determining the 

3D point cloud based on a spatio-temporal voxel layer accumulating a plurality of 3D 

points from multiple time instants. 

 

17. The method as recited in any one of claims 1 to 16, further comprising: segmenting the 

2D image to obtain a segmented 2D image; and filtering the 3D point cloud to retain a 

plurality of 3D points corresponding to the object based on the segmented 2D image. 

 

18. The method as recited in any one of claims 1 to 17, wherein converting the user-selected 

2D point into the three-dimensional (3D) point comprises determining the 3D point 

based on an intersection between a de-projection line and the 3D point cloud. 

 

19. The method as recited in any one of claims 1 to 18, wherein the object is a table. 

 

20. A system for wheelchair docking relative to an object, the system comprising: 

a wheelchair having motorized wheels; 
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an adjustable camera coupled to the wheelchair and adjustable to obtain a view of the 

scene as viewed from the wheelchair;  

a user interface configured to receive a user-selected 2D point as an input from a user; 

and 

a controller coupled to the motorized wheels, and the adjustable camera, and the user 

interface, the controller being configured to: 

convert the user-selected 2D point in a two-dimensional (2D) image of the scene into a 

three-dimensional (3D) point to which wheelchair can dock to;  

determine a first group of edges from the 3D point cloud based on the 3D point, the 

first group of edges including an approximated reference edge of the object; 

define an intermediate dock pose spaced apart from the approximated reference edge 

by a spacing; 

determine a second group of edges from the 3D point cloud, the second group of edges 

including at least one potential reference edge, the at least one potential reference 

edge being based on a plurality of intersections between the second group of edges 

and respective projection lines between a plurality of random points of the 3D point 

cloud from within the second group of edges and the intermediate dock pose; 

determine a dock pose based on one of the at least one potential reference edge; and 

control the motorized wheels to move the wheelchair towards the dock pose. 

 

21. The system as recited in claim 20, wherein the user interface is configured to present the 

2D image as a RGB (Red Green Blue) image based on the view of the scene obtained by 

the adjustable camera, the 2D image being made up of a plurality of pixels, any of the 

plurality of pixels being available for selection as the user-selected 2D point; and wherein 
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the controller is configured to receive the user-selected 2D point as user input before 

obtaining the 3D point cloud, the 3D point cloud being generated about the 3D point. 

 

22. The system as recited in claim 20 or claim 21, wherein the 2D image comprises a partial 

image of the object. 

 


