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SUMMARY 

[0004] Example implementations for autonomously determining drop-off spots for object 

delivery are described herein. The operations may, with little to no human intervention, 

determine a spot within a larger delivery destination at which an object can be safely and 

reliably dropped off by an autonomous delivery vehicle. The drop-off spot may be 

determined by way of one or more machine learning models or algorithms, such as artificial 

neural networks, to identify a preferred or optimal drop-off spot within a delivery destination. 

In some embodiments, drop-off spots may alternatively be determined using heuristics 

models. Further, in some instances, the machine learning and heuristics models may be 

combined into a hybrid model for determining drop-off spots. The machine learning model 

may be trained to identify drop-off spots based on a plurality of previously-designated drop-

off spots within corresponding delivery destinations. The data associated with the previously-

designated drop-off spots may be “mined” or otherwise processed to extract rules and 

observations that may be used in the process of determining a drop-off spot in a previously 

unseen delivery destination.    

[0005] In one example, a system is provided that includes a delivery vehicle, a sensor 

connected to the delivery vehicle, and a control system comprising one or more processors. 

The control system is configured to determine a delivery destination for an object to be 

delivered by the delivery vehicle. The control system is also configured to receive, from the 

sensor, three-dimensional sensor data representing three-dimensional physical features of a 

physical environment of at least a portion of the delivery destination. The control system is 

additionally configured to determine a virtual model of the delivery destination based on the 

three-dimensional sensor data, wherein the virtual model is a three-dimensional model or a 

two-dimensional model that includes depth information. The control system is also 

configured to determine a drop-off spot for the object within the delivery destination by way 

of an artificial neural network (ANN). The ANN is trained to determine the drop-off spot 

based on (a) a plurality of previously-designated drop-off spots designated for previously-

delivered objects by respective object recipients, by respective human pilots, or by the ANN, 

or (b) a plurality of previously-designated pick-up spots designated by the respective object 

recipients for previously placed objects. The ANN includes (i) an input node configured to 

receive as input the virtual model, (ii) a plurality of hidden nodes connected to the  
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input node, and (iii) an output node connected to one or more of the plurality of hidden nodes and 

configured to provide data indicative of a location of the drop-off spot within the delivery 

destination. The control system is further configured to provide instructions to cause the delivery 

vehicle to move to the drop-off spot and place the object at the drop-off spot.  

[0006] In another example, a method is provided that includes determining a delivery 

destination for an object to be delivered by a delivery vehicle. The method also includes 

receiving, from a sensor connected to the delivery vehicle, three-dimensional sensor data 

representing three-dimensional physical features of a physical environment of at least a portion of 

the delivery destination. The method additionally includes determining a drop-off spot for the 

object within the delivery destination by way of an artificial neural network (ANN). The ANN is 

trained to determine the drop-off spot based on (a) a plurality of previously-designated drop-off 

spots designated for previously-delivered objects by respective object recipients, by respective 

human pilots, or by the ANN, or (b) a plurality of previously-designated pick-up spots designated 

by the respective object recipients for previously placed objects. The ANN includes (i) an input 

node configured to receive as input the three-dimensional sensor data, (ii) a plurality of hidden 

nodes connected to the input node, and (iii) an output node connected to one or more of the 

plurality of hidden nodes and configured to provide data indicative of a location of the drop-off 

spot within the delivery destination. The method further includes providing instructions to cause 

the delivery vehicle to move to the drop-off spot and place the object at the drop-off spot. 

[0007] In a further example, a non-transitory computer readable storage medium is provided 

having stored thereon instructions that, when executed by a computing device, cause the 

computing device to perform operations. The operations include determining a delivery 

destination for an object to be delivered by a delivery vehicle. The operations also include 

receiving, from a sensor connected to the delivery vehicle, three-dimensional sensor data 

representing three-dimensional physical features of a physical environment of at least a portion of 

the delivery destination. The operations also include determining a virtual model of the delivery 

destination based on the three-dimensional sensor data, wherein the virtual model is a three-

dimensional model or a two-dimensional model that includes depth information. The operations 

additionally include determining a drop-off spot for the object within the delivery destination by 

way of an artificial neural network (ANN). The ANN is trained to determine   
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the drop-off spot based on (a) a plurality of previously-designated drop-off spots designated 

for previously-delivered objects by respective object recipients, by respective human pilots, 

or by the ANN, or (b) a plurality of previously-designated pick-up spots designated by the 

respective object recipients for previously placed objects. The ANN includes (i) an input 

node configured to receive as input the virtual model, (ii) a plurality of hidden nodes 

connected to the input node, and (iii) an output node connected to one or more of the plurality 

of hidden nodes and configured to provide data indicative of a location of the drop-off spot 

within the delivery destination. The operations further include providing instructions to cause 

the delivery vehicle to move to the drop-off spot and place the object at the drop-off spot. 

[0008] In a yet further example, a system is provided that includes means for determining 

a delivery destination for an object to be delivered by a delivery vehicle. The system also 

includes means for receiving, from a sensor connected to the delivery vehicle, sensor data 

representing a physical environment of at least a portion of the delivery destination. The 

system additionally includes means for determining a drop-off spot for the object within the 

delivery destination by way of an artificial neural network (ANN). The ANN is trained to 

determine the drop-off spot based on a plurality of previously-designated drop-off spots 

within a plurality of corresponding delivery destinations. The ANN includes (i) an input node 

configured to receive as input the sensor data, (ii) a plurality of hidden nodes connected to the 

input node, and (iii) an output node connected to one or more of the plurality of hidden nodes 

and configured to provide data indicative of a location of the drop-off spot within the delivery 

destination. The system further includes means for providing instructions to cause the 

delivery vehicle to move to the drop-off spot and place the object at the drop-off spot. 

[0009] The foregoing summary is illustrative only and is not intended to be in any way 

limiting. In addition to the illustrative aspects, embodiments, and features described above, 

further aspects, embodiments, and features will become apparent by reference to the figures 

and the following detailed description and the accompanying drawings. 
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CLAIMS 

What is claimed is:  

1. A system comprising: 

a delivery vehicle; 

a sensor connected to the delivery vehicle; and 

a control system comprising one or more processors that are configured to: 

determine a delivery destination for an object to be delivered by the delivery 

vehicle; 

receive, from the sensor, three-dimensional sensor data representing three-

dimensional physical features of a physical environment of at least a portion of the 

delivery destination; 

determine a virtual model of the delivery destination based on the three-

dimensional sensor data, wherein the virtual model is a three-dimensional model or a 

two-dimensional model that includes depth information; 

determine a drop-off spot for the object within the delivery destination by way 

of an artificial neural network (ANN) trained to determine the drop-off spot based on 

(a) a plurality of previously-designated drop-off spots designated for previously-

delivered objects by respective object recipients, by respective human pilots, or by the 

ANN, or (b) a plurality of previously-designated pick-up spots designated by the 

respective object recipients for previously placed objects, wherein the ANN 

comprises (i) an input node configured to receive as input the virtual model, (ii) a 

plurality of hidden nodes connected to the input node, and (iii) an output node 

connected to one or more of the plurality of hidden nodes and configured to provide 

data indicative of a location of the drop-off spot within the delivery destination; and 

provide instructions to cause the delivery vehicle to move to the drop-off spot 

and place the object at the drop-off spot.  

  

2. The system of claim 1, wherein the drop-off spot is an alternative drop-off spot, and 

wherein the control system is further configured to: 

receive data indicative of a user-selected drop-off spot within the delivery destination; 
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determine, based on the sensor data, that the object cannot be placed at the user-

selected drop-off spot; and 

in response to determining that the object cannot be placed at the user-selected drop-

off spot, determine the alternative drop-off spot within the delivery destination by way of the 

ANN. 

 

3. The system of claim 2, wherein the control system is configured to determine that the 

object cannot be placed at the user-selected drop-off spot by: 

determining, based on the sensor data, that the user-selected drop-off spot is occupied 

by another object. 

 

4. The system of claim 2, wherein the control system is configured to determine that the 

object cannot be placed at the user-selected drop-off spot by: 

determining, based on the sensor data, that a path to the user-selected drop-off spot is 

obstructed by another object within the physical environment. 

 

5. The system of claim 1, wherein the control system is further configured to: 

determine a trajectory for the delivery vehicle to follow to move from a current 

location of the delivery vehicle to the location of the drop-off spot within the delivery 

destination.  

 

6. The system of claim 1, wherein the control system is configured to determine the 

drop-off spot for the object by: 

determining a plurality of candidate drop-off spots by way of the ANN; 
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determining a confidence level associated with each of the plurality of candidate drop-

off spots; and 

selecting, from the plurality of candidate drop-off spots, a drop-off spot associated 

with a highest confidence level to be the drop-off spot for the object. 

 

7. The system of claim 1, wherein the control system is further configured to: 

determine an amount of time allotted to delivery of the object to the delivery 

destination; 

determine a plurality of candidate drop-off spots for the object within the delivery 

destination by way of the ANN; 

for each respective candidate drop-off spot of the plurality of candidate drop-off 

spots, determine a predicted amount of time to move the object to the respective candidate 

drop-off spot and place the object at the respective candidate drop-off spot; and 

based on (i) the amount of time allotted to delivery of the object and (ii) the predicted 

amount of time determined for each respective candidate drop-off spot, select, from the 

plurality of candidate drop-off spots, the drop-off spot for the object. 

 

8. The system of claim 1, wherein the control system is configured to determine the 

drop-off spot by: 

classifying, by way of the ANN, physical features within the physical environment 

into a plurality of predefined categories; 

determining one or more structural arrangements formed by the classified physical 

features, wherein each of the structural arrangements is formed by two or more of the 

classified physical features, wherein the one or more structural arrangements are selected 

from a plurality of predefined structural arrangements, and wherein each respective  
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predefined structural arrangement is associated with a respective drop-off spot score 

indicating suitability of the respective predefined arrangement to receive delivery of the 

object; and 

selecting, from the one or more structural arrangements, a structural arrangement 

associated with a highest respective drop-off score to serve as the drop-off spot for the object 

within the delivery destination. 

 

9. The system of claim 1, wherein the control system is further configured to: 

determine a dimension of the object; and 

determine the drop-off spot within the delivery destination by providing the 

dimension of the object as input to the ANN, wherein the ANN further comprises an 

additional input node configured to receive as input the dimension of the object, wherein the 

ANN is trained to determine the drop-off spot based on respective dimensions of respective 

objects associated with the plurality of previously-designated drop-off spots. 

 

10. The system of claim 9, wherein the control system is further configured to: 

determine an area at the drop-off location to be occupied by the object by providing 

the dimension of the object as an input to the ANN, wherein the ANN is trained to determine 

the area at the drop-off location to be occupied by the object based on respective areas 

occupied by the respective objects associated with the plurality of previously designated 

drop-off spots, wherein the output node of the ANN is further configured to provide data 

indicative of the area at the drop-off location to be occupied by the object; and 

provide instructions to cause the delivery vehicle to place the object within the 

determined area at the drop-off location. 
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11. The system of claim 1, wherein the control system is further configured to: 

determine physical capabilities of the delivery vehicle, wherein the physical 

capabilities indicate operations that the delivery vehicle can perform based on physical 

construction of the delivery vehicle; and 

determine the drop-off spot within the delivery destination by providing an indication 

of the physical capabilities of the delivery vehicle as input to the ANN, wherein the ANN 

further comprises an additional input node configured to receive as input the indication of the 

physical capabilities of the delivery vehicle, and wherein the ANN is further trained to 

determine the drop-off spot based on physical capabilities of respective delivery vehicles 

tasked with object delivery to the plurality of previously-designated drop-off spots. 

 

12. The system of claim 1, 

wherein the ANN is trained to determine the coordinates of the drop-off spot based on 

respective virtual models corresponding to the plurality of previously-designated drop-off 

spots. 
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13. The system of claim 1, wherein connections between nodes of the ANN are associated 

with respective weighting values, and wherein the control system is further configured to: 

receive user feedback from a recipient of the object indicating satisfaction of the 

recipient with the determined drop-off spot; and 

train the ANN based on the received user feedback by adjusting the respective 

weighting values associated with connections between at least a portion of the nodes of the 

ANN. 

 

14. The system of claim 13, wherein the user feedback is received after the object is 

placed at the drop-off spot, and wherein the control system is further configured to: 

when the user feedback indicates that the recipient is dissatisfied with the determined 

drop-off spot, provide instructions to prompt the recipient to indicate an alternative drop-off 

spot within the delivery destination at which the recipient would have preferred the object to 

be placed.   

 

15. A method comprising: 

determining a delivery destination for an object to be delivered by a delivery vehicle; 

receiving, from a sensor connected to the delivery vehicle, three-dimensional sensor 

data representing three-dimensional physical features of a physical environment of at least a 

portion of the delivery destination; 

determining a drop-off spot for the object within the delivery destination by way of an 

artificial neural network (ANN) trained to determine the drop-off spot based on (a) a plurality 

of previously-designated drop-off spots designated for previously-delivered objects by 

respective object recipients, by respective human pilots, or by the ANN, or (b) a plurality of 

previously-designated pick-up spots designated by the respective object recipients for 

previously placed objects, wherein the ANN comprises (i) an input node configured to 

receive as input the three-dimensional sensor data, (ii) a plurality of hidden nodes connected 

to the input node, and (iii) an output  
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node connected to one or more of the plurality of hidden nodes and configured to provide 

data indicative of a location of the drop-off spot within the delivery destination; and 

providing instructions to cause the delivery vehicle to move to the drop-off spot and 

place the object at the drop-off spot. 

 

16. The method of claim 15, wherein the drop-off spot is an alternative drop-off spot, the 

method further comprising: 

receiving data indicative of a user-selected drop-off spot within the delivery 

destination; 

determining, based on the sensor data, that the object cannot be placed at the user-

selected drop-off spot; and 

in response to determining that the object cannot be placed at the user-selected drop-

off spot, determining the alternative drop-off spot within the delivery destination by way of 

the ANN. 

 

17. The method of claim 15, further comprising: 

providing instructions to display, by a user interface of a computing device, a virtual 

model of an additional delivery destination, wherein the virtual model represents physical 

features of the additional delivery destination; 

providing instructions to prompt, by the user interface, for designation of a target 

drop-off spot within the virtual model of the additional delivery destination to accumulate the 

plurality of previously-designated drop-off spots; 

receiving, from the computing device, the designation of the drop-off spot within the 

virtual model; and 

storing in a database the designation of the drop-off spot within the virtual model. 
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18. The method of claim 17, further comprising: 

providing instructions to display, by way of the user interface of the computing 

device, an indication of a reward for providing the designation of the drop-off spot. 

 

19. The method of claim 15, further comprising: 

training the ANN to determine the drop-off spot by determining respective weighting 

values associated with connections between nodes of the ANN based on the plurality of 

previously-designated drop-off spots. 

 

20. A non-transitory computer readable storage medium having stored thereon 

instructions that, when executed by a computing device, cause the computing device to 

perform operations comprising: 

determining a delivery destination for an object to be delivered by a delivery vehicle; 

receiving, from a sensor connected to the delivery vehicle, three-dimensional sensor 

data representing three-dimensional physical features of a physical environment of at least a 

portion of the delivery destination; 

determining a virtual model of the delivery destination based on the three-dimensional 

sensor data, wherein the virtual model is a three-dimensional model or a two-dimensional 

model that includes depth information; 

determining a drop-off spot for the object within the delivery destination by way of an 

artificial neural network (ANN) trained to determine the drop-off spot based on (a) a plurality 

of previously-designated drop-off spots designated for previously-delivered objects by 

respective object recipients, by respective human pilots, or by the ANN, or (b) a plurality of 

previously-designated pick-up spots designated by the respective object recipients for 

previously placed objects , wherein the ANN comprises (i) an input node configured to 

receive as input the virtual model, (ii) a plurality of hidden nodes connected to the input node, 

and (iii) an output node connected to one or more of the plurality of hidden nodes and 

configured to provide data indicative of a location of the drop-off spot within the delivery 

destination; and 

providing instructions to cause the delivery vehicle to move to the drop-off spot and 

place the object at the drop-off spot.   


