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Method 200

~ /

Capturing 3D mapping data of a space using the 3D depth tracker 120, the
space containing one or more human subjects

204
Constructing 3D representations of the space from the 3D mapping data
2006
Generating a first track for each human subject in each 3D representation,
the first tracks for tracking the respective human subject
208
Capturing 2D mapping data of the space using the 2D laser tracker 140
210
Constructing 2D representations of the space from 2D mapping data
captured by the 2D laser tracker 140
212
Generating a second track for each human subject in each 2D
representation, the second tracks for tracking the respective human subject
214
Associating the respective first tracks with the respective second tracks for
each human subject
216

Collaboratively track each human subject based on the respective
associated first and second tracks

Figure 2
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Process 300

\

302
Constructing 3D representations of the space from the 3D mapping data,
wherein the 3D representations are stixel representations

304

Detecting proposals 410 of the human subjects from the stixel
representations based on prior human data
306
Extracting feature data from the proposals 410

308
Veritying the proposals 410 that represent the human subjects

310
Detecting the human subjects from the verified proposals 410

312

Generating RGB-D tracks for the detected human subjects from the verified
proposals 410

Figure 3
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Figure 4A
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Process 430

~ J

Capturing the 3D point cloud data for constructing the stixel representations

434
Detecting the ground from the point cloud data
436
Generating a height map of the points in the point cloud data relative to the
detected ground
438
Constructing the stixel representations based on the coordinates of each
point relative to the ground
440
Dividing the stixel representations into 2D grids and assigns each point to
one grid
442
Selecting the grids as the proposals 410 based on local density and local
maximum height
444
Selecting the points in the selected grids with the local maximum height as
anchor points of the proposals 410
446

Computing the 2D bounding boxes 420 of the proposals 410 based on a
pinhole camera model

Figure 4B
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Process 450
\' 452
Capturing the 3D point cloud data for constructing the stixel representations
454
Inputting pre-calculated ground data
456
Generating a height map of the points in the point cloud data relative to the
ground
458
Dividing the ground into grids of predefined cell sizes
460
Constructing the stixel representations by assigning each point to one grid
462
Recording the grid density and local maximum height for each grid
464
Using non-maximum suppression to detect anchor points over a grid
aggregate
466
Eliminating grid aggregates based on a predefined grid density threshold
468
Generating a 3D bounding box for each remaining grid aggregate and
centreing the 3D bounding box at the anchor point of the grid aggregate
470

Computing the 2D bounding boxes 420 of the proposals 410 from the 3D
bounding boxes

Figure 4C
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Figure 4D
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Process 500

\' 502

ldentitying individual legs of the human subjects

504
Detecting the individual legs based on computed leg confidence scores
506
Generating 2D LiDAR tracks for the legs
508
Processing the leg tracks for tracking the human subjects associated with
the tracked legs
510
Generating 2D LIDAR tracks for the human subjects
512
Processing the people tracks for tracking the human subjects
514

Generating the 2D LIDAR tracks for the human subjects from the leg tracks
and people tracks

Figure 5
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Figure 6B
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Process 700

\'

702
Dividing the spatial map 600 into a plurality of discrete spatial zones 630
704
Calculating an angular difference between each spatial zone 630 relative to
the target person 610
706
Calculating a cost of each spatial zone 630
/08
Calculating an angular velocity of the robotic device 100 to follow the target
person 610
710

Calculating a linear velocity of the robotic device 100 to follow the target
person 610

Figure 7



