WO 2021/101618 PCT/US2020/049664

CLAIMS

What is claimed is:

1. An unmanned aerial vehicle (UAV) comprising:
a propulsion system;
a global navigation satellite system (GNSS) sensor;
a camera, and
a controller including logic that, in response to execution by the controller, causes
the UAV to:
in response to detecting a loss of tracking by the GNSS sensor:
determine an estimated location of the UAV on a map based on a
location image captured by the camera;
determine a route to a destination using tracking parameters
embedded in the map, wherein the map is divided into a plurality of sections and the
tracking parameters indicate an ease of determining a location of the UAV using images
captured by the camera with respect to each of the sections; and
control the propulsion system to cause the UAV to follow the route

to the destination.

2. The UAV of claim 1, wherein determining the estimated location of the
UAYV on the map based on the image captured by the camera includes:
determining the estimated location of the UAV on the map based on the image

captured by the camera and a last tracked location of the UAV from the GNSS sensor.

3. The UAV of claim 1, wherein the logic further causes the UAV to, in
response to detecting the loss of tracking by the GNSS sensor, control the propulsion
system to cause the UAV to ascend before the location image is captured by the camera.

4, The UAYV of claim 1, wherein the tracking parameters are numerical values.

5. The UAV of claim 4, wherein determining the route to the destination using

the tracking parameters embedded in the map includes determining the route such that the

-13-



WO 2021/101618 PCT/US2020/049664

route does not pass through a section of the map having a tracking parameter that does not

meet a threshold value.

6. The UAV of claim 4, wherein the controller further includes logic to
determine the route based on an average tracking parameter of sections of the map in the

route.

7. The UAV of claim 4, wherein the controller further includes logic to
determine the route such that the UAV travels through fewer than a threshold number of
areas related to sections of the map with a tracking parameter that does not meet a threshold

value when following the route.

8. The UAV of claim 1, wherein the map is a three-dimensional map, wherein
the three-dimensional map includes a plurality of two-dimensional layers, and wherein
different two-dimensional layers of the three-dimensional map correspond to different

heights of the UAV.

9. The UAYV of claim 8, wherein determining the route includes determining a

route that includes a change in height of the UAV.

10. The UAV of claim 1, wherein determining the estimated location of the
UAYV on the map based on the location image captured by the camera includes:
extracting features of interest from the location image;
matching the features of interest to features on the map; and

estimating a location of the UAV based on the matched features of interest.

11. A method comprising:
obtaining at least one image of an area;
determining a quantity of features and a feature uniqueness in the at least
one image;
generating a map of the area,

dividing the map into map sections; and
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assigning a tracking parameter to each of the map sections based on the

quantity of features and the feature uniqueness in the at least one image.

12. The method of claim 11, wherein the map sections form a grid.

13. The method of claim 11, wherein the map is a three-dimensional map with
a plurality of two-dimensional layers together forming the three-dimensional map, wherein
each of the two-dimensional layers is divided into the map sections, and wherein each two-

dimensional layer of the map corresponds to a UAV at a different height.

14. The method of claim 13, wherein each two-dimensional layer of the map
has sections has a different size, and wherein the quantity of features and feature uniqueness

in the at least one image is determined for each two-dimensional layer of the map.

15. The method of claim 11, wherein the tracking parameter of each section of

the map is a numerical value.

16. The method of claim 11, further comprising identifying temporary and
permanent features in the at least one image, wherein the determining the quantity of
features and the feature uniqueness in the at least one image is performed on the permanent

features.

17. The method of claim 11, wherein at least one of the at least one image is

taken from a first height and another of the at least one image is taken at a second height.

18. The method of claim 11, further comprising transmitting the map to an

unmanned aerial vehicle (UAV) for autonomous navigation.

19. The method of claim 11, wherein the features include roads, intersections,

and buildings.
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20. A non-transitory computer readable medium having computer-executable
instructions stored thereon that, in response to execution by a computer, cause the computer
to:

obtain at least one image of an area,

determine a quantity of features and a feature uniqueness in the at least one
image;

generate a map of the area;

divide the map into map sections; and

assign a tracking parameter to each of the map sections based on the quantity

of features and the feature uniqueness in the at least one image.
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