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check the integrity of the primary navigation system to protect it against malicious attacks or 

hazardous and misleading information (HMI).  Disclosed herein is a backup navigation system 

that can generate and/or update a backup map of the UAV’s flight path to a destination based 

on environmental imagery captured by the UAV as the flight progresses, such that this map 

can be utilized to provide continued navigation to the UAV so it can safely complete its mission 

or execute a landing at a safe landing zone (e.g., home base) in the event that the primary 

navigation system fails.   

[0005a] According to a first aspect of the present invention, there is provided a method 

comprising:  

operating an unmanned aerial vehicle (UAV) to begin a flight along a first flight path 

to a destination, wherein the UAV uses a primary navigation system to navigate to the 

destination;  

operating an image capture device coupled to the UAV and having a field-of-view 

(FOV) of an environment of the UAV to capture a first set of images as the UAV travels along 

the first flight path;  

analyzing the images to localize visual features within the environment; 

generating a local flight log for the first flight path, wherein the local flight log 

comprises location information and image data for the detected features;  

detecting a failure event involving the primary navigation system;  

responsive to detecting the failure event, capturing at least one post-failure image using 

the image capture device;  

identifying, in the at least one post-failure image, one or more visual features within the 

environment; and  

detecting a match between a first of the identified visual features and a first of the 

localized visual features, and responsively:  

determining, based at least in part on (i) location information for the first 

localized visual feature indicated by the local flight log, and (ii) an orientation of the 

UAV corresponding to the capture of the post-failure image, a current location of the 

UAV. 
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[0005b] According to a second aspect of the present invention, there is provided an unmanned 

aerial vehicle (UAV) comprising:  

a primary navigation system that provides the UAV with navigational functionality;  

a backup navigation system configured to replace the navigational functionality of the 

primary navigation system upon detecting a failure event involving the primary navigation 

system;  

wherein the backup navigation system comprises an image capture device configured 

to capture images of an environment of the UAV and a controller,  

wherein the controller is configured to:  

operate the UAV to begin a flight along a first flight path to a destination;  

operate the backup navigation system in a feature localization mode in which the 

controller: (i) causes the image capture device to capture a first set of images along the first 

flight path, and (ii) analyzes the images to localize a set of visual features within the 

environment, wherein each localized visual feature is associated with a respective geolocation, 

and wherein the set of localized features is stored in a memory location;  

detect a failure event involving the primary navigation system;  

responsive to detecting the failure event, operate the backup navigation system in a 

UAV localization mode in which the controller: (i) causes the image capture device to capture 

at least one post-failure image of the environment, (ii) identifies in the at least one post-failure 

image visual features within the environment, and (iii) compares the identified visual features 

to the set of localized visual features stored in the memory location; and  

[0006] detect a match between a first of the identified visual features and a first of the localized 

visual features, and responsively determine, based at least in part on (i) location information 

for the first localized visual feature indicated by the local flight log, and (ii) an orientation of 

the UAV corresponding to the capture of the post-failure image, a current location of the 

UAV.A method is provided.  The method can involve operating an unmanned aerial vehicle 

(UAV) to begin a flight along a first flight path to a destination, where the UAV uses a primary 

navigation system to navigate to the destination.  The method can also involve operating an 

image capture device coupled to the UAV and having a field-of-view (FOV) of an environment 

of the UAV to capture a first set of images as the UAV travels along the first flight path.  The 

method can also involve analyzing the images to localize visual features within the 

environment, and generating a local flight log for the first flight path, which comprises 



-2b- 

location information and image data for the detected features.  Further, the method can involve 

detecting a failure event involving the primary navigation system and responsive to detecting 

the failure event, capturing at least one post-failure image using the image capture device.  Yet 

further the method can involve identifying, in the at least one post-failure image, one or more 

visual features within the environment, and determining a current location of the UAV by 

determining a current location of the UAV by determining a relationship between a first 

identified visual feature and a first localized visual feature.  

[0007] An unmanned aerial vehicle is provided.  The unmanned aerial vehicle (UAV) can 

include a primary navigation system that provides the UAV with navigational functionality and 

a backup navigation system configured to replace the navigational functionality of the primary 

navigation system upon detecting a failure event involving the primary navigation system.  In 

particular, the backup navigation system can include an image capture device configured to 

capture images of an environment of the UAV.  Further, the UAV can include a controller that 

can be configured to operate the UAV to begin a flight along a first flight path to a destination, 

and operate the backup navigation system in a feature localization mode in which the controller: 

(i) causes the image capture device to capture a first set of images along the first flight path, 

and (ii) analyzes the images to localize a set of visual features within the environment, where 

each localized visual feature is associated with a respective geolocation, and where the set of 

localized features is stored in a 
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memory location.  Yet further, the controller can be configured to detect a failure event 

involving the primary navigation system, and responsive to detecting the failure event, operate 

the backup navigation system in a UAV localization mode in which the controller: (i) causes 

the image capture device to capture at least one image of the environment, (ii) identifies in the 

at least one image visual features within the environment, and (iii) compares the identified 

visual features to the set localized visual features stored in the memory location.  

[0008] A method is provided.  The method can include operating an unmanned aerial vehicle 

(UAV) to begin a flight to a destination, wherein the UAV uses a primary navigation system 

to navigate to the destination.  The method can also include operating an image capture device 

coupled to the UAV and having a field-of-view (FOV) of an environment of the UAV to 

capture a first set of images during the UAV’s flight, and analyzing the images to identify 

visual features within the environment.  Also, the method can include determining a current 

location of the UAV by determining a relationship between one of the identified visual features 

and a localized visual feature in a map stored in a memory of the UAV.  Further, the method 

can include comparing the current location to location data from the primary navigation system, 

and responsive to detecting a discrepancy between the current location and the location data 

from the primary navigation system, outputting an alert indicating failure of the primary 

navigation system.  

[0009] These as well as other aspects, advantages, and alternatives will become apparent to 

those of ordinary skill in the art by reading the following detailed description with reference 

where appropriate to the accompanying drawings.  Further, it should be understood that the 

description provided in this summary section and elsewhere in this document is intended to 

illustrate the claimed subject matter by way of example and not by way of limitation. 
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CLAIMS 

 

1. A method comprising:  

operating an unmanned aerial vehicle (UAV) to begin a flight along a first flight path 

to a destination, wherein the UAV uses a primary navigation system to navigate to the 

destination;  

operating an image capture device coupled to the UAV and having a field-of-view 

(FOV) of an environment of the UAV to capture a first set of images as the UAV travels along 

the first flight path;  

analyzing the images to localize visual features within the environment; 

generating a local flight log for the first flight path, wherein the local flight log 

comprises location information and image data for the detected features;  

detecting a failure event involving the primary navigation system;  

responsive to detecting the failure event, capturing at least one post-failure image using 

the image capture device;  

identifying, in the at least one post-failure image, one or more visual features within the 

environment; and  

detecting a match between a first of the identified visual features and a first of the 

localized visual features, and responsively:  

determining, based at least in part on (i) location information for the first 

localized visual feature indicated by the local flight log, and (ii) an orientation of the 

UAV corresponding to the capture of the post-failure image, a current location of the 

UAV. 

 

2. The method of claim 1, wherein the image capture device is part of a backup navigation 

system of the UAV, and wherein the backup navigation system replaces navigational 

functionality of the primary navigation system upon detecting the failure event.  

 

3. The method of claim 1, wherein the primary navigation system is reliant upon a global 

positioning system (GPS). 

  



-48- 

4. The method of claim 1, further comprising:  

responsive to detecting the failure event, determining to fly the UAV to a safe zone; 

and  

based on the current location of the UAV, determining at least a portion of a second 

flight path to the safe zone. 

 

5. The method of claim 4, wherein the first flight path and the second flight path are the same 

flight path. 

 

6. The method of claim 4, wherein the UAV is deployed from a home base to the destination, 

and wherein the safe zone is the home base of the UAV. 

 

7. The method of claim 4, wherein the second flight path has a substantially similar altitude to 

the first flight path such that the image capture device during the second flight path has a 

substantially similar FOV of the environment to the FOV of the environment that the image 

capture device has during the first flight path. 

 

8. The method of claim 1, wherein operating the image capture device to capture the first set 

of images along the flight path comprises:  

using position data from the primary navigation system to associate each image with a 

respective geolocation. 

 

9. The method of claim 1, wherein analyzing the images to localize visual features within the 

environment comprises:  

analyzing the first set of images to identify visual features in the images;  

comparing a first visual feature identified in a first image to visual features identified 

in other images of the first set of images;  

detecting a match between the first visual feature and a corresponding visual feature of 

a second image; and  

determining a location of the first visual feature. 
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10. The method of claim 9, wherein determining the location of the first visual feature 

comprises:  

executing an algorithm using a first geolocation of the first image and a second 

geolocation of the second image to determine the location of the first visual feature. 

 

11. The method of claim 10, wherein the algorithm is a triangulation algorithm. 

 

12. The method of claim 1, wherein operating the UAV to begin a flight further comprises:  

determining a time of the flight and environmental conditions along the first flight path;  

selecting a map associated with at least one of the time of the flight and the 

environmental conditions, wherein the map is representative of at least an area along the first 

flight path; and  

loading the map to a memory of the UAV before the UAV begins the flight. 

 

13. The method of claim 1, wherein determining the current location of the UAV further 

comprises:  

matching the first identified visual feature and a second identified visual feature to the 

first localized visual feature and a second localized visual feature;  

based on coordinates of the first and second localized visual features, determining 

coordinates of the first and second visual features; and  

using the coordinates of the first and second visual features as a basis for determining 

the current location of the UAV. 

 

14. An unmanned aerial vehicle (UAV) comprising:  

a primary navigation system that provides the UAV with navigational functionality;  

a backup navigation system configured to replace the navigational functionality of the 

primary navigation system upon detecting a failure event involving the primary navigation 

system;  

wherein the backup navigation system comprises an image capture device configured 

to capture images of an environment of the UAV and a controller,  

wherein the controller is configured to:  

operate the UAV to begin a flight along a first flight path to a destination;  
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operate the backup navigation system in a feature localization mode in which the 

controller: (i) causes the image capture device to capture a first set of images along the first 

flight path, and (ii) analyzes the images to localize a set of visual features within the 

environment, wherein each localized visual feature is associated with a respective geolocation, 

and wherein the set of localized features is stored in a memory location;  

detect a failure event involving the primary navigation system;  

responsive to detecting the failure event, operate the backup navigation system in a 

UAV localization mode in which the controller: (i) causes the image capture device to capture 

at least one post-failure image of the environment, (ii) identifies in the at least one post-failure 

image visual features within the environment, and (iii) compares the identified visual features 

to the set of localized visual features stored in the memory location; and  

detect a match between a first of the identified visual features and a first of the localized 

visual features, and responsively determine, based at least in part on (i) location information 

for the first localized visual feature indicated by the local flight log, and (ii) an orientation of 

the UAV corresponding to the capture of the post-failure image, a current location of the UAV. 

 

15. The UAV of claim 14, wherein the controller is further configured to:  

responsive to detecting the failure event, determine to fly the UAV to a safe zone; and  

based on the current location of the UAV, determine at least a portion of a second flight 

path to the safe zone. 

 

16. The UAV of claim 14, wherein the primary navigation system comprises a global 

positioning system (GPS) device configured to receive a satellite signal, and wherein the failure 

event is at least one of: (i) a malfunction of the GPS device, and (ii) a loss of the satellite signal. 

 




