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CLAIMS 

1. An unmanned aerial vehicle (UAV) for autonomously perching on a cylindrically 

curved surface from a starting position away from the cylindrically curved surface, the UAV 

comprising: 

a three-dimensional (3D) depth camera configured to capture and output 3D point 5 

clouds of scenes from the UAV comprising the cylindrically curved surface; 

a two-dimensional (2D) light detection and ranging (LIDAR) system having a one-

dimensional (1D) field of view (FOV), in contrast to a 3D LIDAR system having a 2D 

FOV, the 2D LIDAR system being configured to capture and output 2D slices of the 

scenes; 10 

a perching mechanism configured to mechanically perch the UAV on the cylindrically 

curved surface; and 

a control circuit configured to: 

control the depth camera and the 2D LIDAR system to capture the 3D point 

clouds and the 2D slices, respectively, of the scenes; 15 

input the captured 3D point clouds from the depth camera and the captured 2D 

slices from the 2D LIDAR system; 

autonomously detect and localize the cylindrically curved surface using the 

captured 3D point clouds and the captured 2D slices; 

autonomously direct the UAV from the starting position to a landing position on 20 

the cylindrically curved surface based on the autonomous detection and 

localization of the cylindrically curved surface; and 

autonomously control the UAV to perch the UAV on the cylindrically curved 

surface at the landing position using the perching mechanism. 

2. A UAV according to Claim 1, in which the control circuit is further configured to: 25 

use the captured 3D point clouds to perform the autonomous detection and localization 

from the starting position while autonomously directing the UAV to the landing position 

until the UAV reaches a proximity of the cylindrically curved surface; and 
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switch from using the 3D point clouds to using the captured 2D slices to perform the 

autonomous detection and localization once the UAV reaches the proximity of the 

cylindrically curved surface. 

3. A UAV according to Claim 2, in which the control circuit is further configured to: 

autonomously direct the UAV to an alignment position within the proximity of the 5 

cylindrically curved surface prior to the perching, the alignment position being where 

the UAV is aligned with respect to the landing position; and 

use the captured 2D slices to autonomously direct the UAV to move directly from the 

alignment position to the landing position. 

4. A UAV according to Claim 1, in which the control circuit is further configured to 10 

autonomously detect and localize the cylindrically curved surface by fusing the 3D point 

clouds and the 2D slices, the fusing comprising: 

using one of the captured 3D point clouds to perform a first pass of the autonomous 

detection and localization of the cylindrically curved surface; 

capturing a corresponding one of the 2D slices using the detected and localized 15 

cylindrically curved surface from the first pass; and 

using the corresponding one of the 2D slices to perform a second pass of the 

autonomous detection and localization of the cylindrically curved surface. 

5. A UAV according to Claim 1, further comprising an inertial measurement unit (IMU) 

configured to estimate the pose of the depth camera, in which the control circuit is further 20 

configured to use the estimated pose of the depth camera between capturing a first one of the 

3D point clouds and capturing a second one of the 3D point clouds in order to predict the 

location of the cylindrically curved surface in the second one of the 3D point clouds from the 

detected and localized cylindrically curved surface in the first one of the 3D point clouds. 

6. A UAV according to Claim 1, in which the control circuit is further configured to: 25 

use the captured 3D point clouds to autonomously detect and localize the cylindrically 

curved surface; and 

control the 2D LIDAR system to capture the 2D slices normal to the detected and 

localized cylindrically curved surface. 
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7. A UAV according to Claim 6, in which the cylindrically curved surface is part of a 

cylinder and the control circuit is further configured to control the 2D LIDAR system to 

capture the 2D slices normal to the central axis of the cylinder. 

8. A UAV according to Claim 1, in which the control circuit is further configured to use a 

random sample consensus (RANSAC) approach to autonomously detect and localize the 5 

cylindrically curved surface. 

9. A UAV according to Claim 1, in which the control circuit is further configured to: 

use the captured 3D point clouds or the captured 2D slices or both the captured 3D point 

clouds and the captured 2D slices to detect one or more obstacles on a flight path of the 

UAV from the starting position to the landing position; and 10 

autonomously redirect the UAV to avoid the one or more obstacles on the flight path. 

10. A UAV according to Claim 1, in which the cylindrically curved surface is ferromagnetic 

and the perching mechanism comprises magnetic legs configured to magnetically attach to the 

ferromagnetic cylindrically curved surface during the perching and remain magnetically 

attached to the ferromagnetic cylindrically curved surface after the perching. 15 

11. A method of autonomously perching an unmanned aerial vehicle (UAV) on a 

cylindrically curved surface from a starting position away from the cylindrically curved 

surface, the method comprising: 

capturing and outputting, using a three-dimensional (3D) depth camera attached to the 

UAV, 3D point clouds of scenes from the UAV comprising the cylindrically curved 20 

surface; 

capturing and outputting, using a two-dimensional (2D) light detection and ranging 

(LIDAR) system attached to the UAV, 2D slices of the scenes, the 2D LIDAR system 

having a one-dimensional (1D) field of view (FOV), in contrast to a 3D LIDAR system 

having a 2D FOV; 25 

mechanically perching the UAV on the cylindrically curved surface using a perching 

mechanism attached to the UAV; 

controlling the depth camera and the 2D LIDAR system to capture the 3D point clouds 

and the 2D slices, respectively, of the scenes; 
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inputting the captured 3D point clouds from the depth camera and the captured 2D slices 

from the 2D LIDAR system; 

autonomously detecting and localizing the cylindrically curved surface using the 

captured 3D point clouds and the captured 2D slices; 

autonomously directing the UAV from the starting position to a landing position on the 5 

cylindrically curved surface based on the autonomous detection and localization of the 

cylindrically curved surface; and 

autonomously controlling the UAV to perch the UAV on the cylindrically curved 

surface at the landing position using the perching mechanism. 

12. A method according to Claim 11, further comprising: 10 

using the captured 3D point clouds to perform the autonomous detection and 

localization from the starting position while autonomously directing the UAV to the 

landing position until the UAV reaches a proximity of the cylindrically curved surface; 

and 

switching from using the 3D point clouds to using the captured 2D slices to perform the 15 

autonomous detection and localization once the UAV reaches the proximity of the 

cylindrically curved surface. 

13. A method according to Claim 12, further comprising: 

autonomously directing the UAV to an alignment position within the proximity of the 

cylindrically curved surface prior to the perching, where the UAV is aligned with 20 

respect to the landing position; and 

using the captured 2D slices to autonomously direct the UAV to move directly from the 

alignment position to the landing position. 

14. A method according to Claim 11, further comprising autonomously detecting and 

localizing the cylindrically curved surface by fusing the 3D point clouds and the 2D slices, the 25 

fusing comprising: 

using one of the captured 3D point clouds to perform a first pass of the autonomous 

detection and localization of the cylindrically curved surface; 
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capturing a corresponding one of the 2D slices using the detected and localized 

cylindrically curved surface from the first pass; and 

using the corresponding one of the 2D slices to perform a second pass of the 

autonomous detection and localization of the cylindrically curved surface. 

15. A method according to Claim 11, in which the UAV further comprises an inertial 5 

measurement unit (IMU) attached to the UAV, the method further comprising: 

estimating the pose of the depth camera using the IMU; and 

using the estimated pose of the depth camera between capturing a first one of the 3D 

point clouds and capturing a second one of the 3D point clouds in order to predict the 

location of the cylindrically curved surface in the second one of the 3D point clouds 10 

from the detected and localized cylindrically curved surface in the first one of the 3D 

point clouds. 

16. A method according to Claim 11, further comprising: 

using the captured 3D point clouds to autonomously detect and localize the cylindrically 

curved surface; and 15 

controlling the 2D LIDAR system to capture the 2D slices normal to the detected and 

localized cylindrically curved surface. 

17. A method according to Claim 16, in which the cylindrically curved surface is part of a 

cylinder and the method further comprises controlling the 2D LIDAR system to capture the 

2D slices normal to the central axis of the cylinder. 20 

18. A method according to Claim 11, further comprising using a random sample consensus 

(RANSAC) approach to autonomously detect and localize the cylindrically curved surface. 

19. A method according to Claim 11, further comprising: 

using the captured 3D point clouds or the captured 2D slices or both the captured 3D 

point clouds and the captured 2D slices to detect one or more obstacles on a flight path 25 

of the UAV from the starting position to the landing position; and 

autonomously redirecting the UAV to avoid the one or more obstacles on the flight path. 
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20. A method according to Claim 11, in which the cylindrically curved surface is 

ferromagnetic, the perching mechanism comprises magnetic legs, and the method further 

comprises magnetically attaching the magnetic legs to the ferromagnetic cylindrically curved 

surface during the perching and remaining magnetically attached to the ferromagnetic 

cylindrically curved surface after the perching. 5 




