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[006] In order to increase efficiency, robots may be used to perform functions of humans or 

they may be used to supplement the humans’ activities.  For example, robots may be assigned to 

“place” a number of items in various locations dispersed throughout the warehouse or to “pick” 

items from various locations for packing and shipping.   The picking and placing may be done by 

the robot alone or with the assistance of human operators.  For example, in the case of a pick 

operation, the human operator would pick items from shelves and place them on the robots or, in 

the case of a place operation, the human operator would pick items from the robot and place them 

on the shelves.  

[007] While using mobile robots and people in a busy warehouse environment increases 

efficiency it also increases the likelihood of robots colliding with obstacles, such as walls, shelving, 

people, other robots, among other things.  In order for the robots to avoid obstacles they must 

perceive the obstacles with one or more sensors, such as a laser scanner, and then mark their 

observations map or grid.  From there, the robots generate a plan and execute control trajectories 

to avoid the obstacles.  Problematically, capturing and processing such a large amount of data, 

while the robot is navigating the environment, may result in a control cycle time for the mobile 

robot which is not quick enough to generate a control trajectory to avoid the obstacle. 

[008] Therefore, a need exists for an improved obstacle prediction and avoidance system and 

method to increase safety and reduce potential damage to robots and other objects within the 

environment. 

SUMMARY 

[009]    An object of this invention is to provide an obstacle prediction and avoidance system to 

increase safety and reduce potential damage to robots. 

[009a] In an aspect, the present disclosure refers to a method for predicting a collision between a 

mobile robot and an obstacle in an environment, comprising: 

 generating a control trajectory for the mobile robot for each of a plurality of control cycles; 

and 
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 predicting, between each of the plurality of control cycles, a collision of the mobile robot and 

an obstacle, wherein the step of predicting includes: 

 obtaining laser scan data for the mobile robot at a current location in the environment, 

wherein the laser scan data includes raw data output from a laser scanner and wherein the raw 

data output from the laser scanner includes laser scan points indicating points of reflection off of 

obstacles in the environment; 

 representing the mobile robot at the current location as a polygon; 

 predicting a future location of the mobile robot in the environment; 

 producing predicted laser scan data corresponding to the future location of the mobile robot 

in the environment, wherein the predicted laser scan data includes predicted laser scan points 

indicating predicted points of reflection off of obstacles in the environment from the future 

location of the mobile robot; and 

 assessing the predicted laser scan data relative to the mobile robot at the current location to 

determine whether a collision with the obstacle is predicted, wherein assessing the predicted 

laser scan data includes connecting each of the laser scan points with a corresponding predicted 

laser scan point with an arc, thereby forming a plurality of arcs, and determining if any of the 

plurality of arcs penetrate the polygon representing the mobile robot at the current location. 

[009b] In an aspect, the present disclosure refers to an autonomous mobile robot configured to 

predict a collision with an obstacle in an environment, comprising: 

 a mobile robot base; 

 a laser scanner mounted on the mobile robot base; and 

 a computer on the mobile robot base, including a processor and a memory, the computer 

being operatively coupled to the laser scanner; the processor configured to execute instructions 

stored in memory to: 

 generate a control trajectory for the mobile robot for each of a plurality of control cycles; and 

 predict, between each of the plurality of control cycles, a collision of the mobile robot and an 

obstacle, the step of predicting including: 
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 obtain laser scan data for the mobile robot at a current location in the environment, wherein 

the laser scan data includes raw data output from a laser scanner and wherein the raw data output 

from the laser scanner includes laser scan points indicating points of reflection off of obstacles in 

the environment; 

 represent the mobile robot at the current location as a polygon; 

 predict a future location of the mobile robot in the environment; 

 produce predicted laser scan data corresponding to the future location of the mobile robot in 

the environment, wherein the predicted laser scan data includes predicted laser scan points 

indicating predicted points of reflection off of obstacles in the environment from the future 

location of the mobile robot; and 

 assess the predicted laser scan data relative to the mobile robot at the current location to 

determine whether a collision with the obstacle is predicted, wherein assessing the predicted 

laser scan data includes connecting each of the laser scan points with a corresponding predicted 

laser scan point with an arc, thereby forming a plurality of arcs, and determining if any of the 

plurality of arcs penetrate the polygon representing the mobile robot at the current location. 

[010] In one example, a method for predicting a collision between a mobile robot and an 

obstacle in an environment includes obtaining laser scan data for the mobile robot at a current 

location in the environment and predicting a future location of the mobile robot in the environment.  

The method also includes producing predicted laser scan data corresponding to the future location 

of the mobile robot in the environment and assessing the predicted laser scan data relative to the 

mobile robot at the current location to determine whether a collision with an obstacle is predicted. 
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[011] In other examples one or more of the following features may be included.  The laser scan 

data for the mobile robot at a current location may include raw data output from a laser scanner on 

the mobile robot.  The raw data output from the laser scanner for the mobile robot at the current 

location may include laser scan points indicating points of reflection off of obstacles in the 

environment.  The step of predicting the future location of the mobile robot in the environment 

may include estimating the future location of the mobile robot moving along an arc path after N 

seconds of travel from the current location using a commanded velocity of the mobile robot.  N 

may be a number between 1 and 2.  The predicted laser scan data may include predicted laser scan 

points indicating predicted points of reflection off of obstacles in the environment from the future 

location of the mobile robot.  The method may further include representing the mobile robot as a 

polygon.  The polygon representing the mobile robot may be an R-sided, convex polygon.  The 

step of assessing the predicted laser scan data relative to the mobile robot at the current location 

may include connecting each of the laser scan points with a corresponding predicted laser scan 

point with an arc, thereby forming a plurality of arcs.  Each arc of the plurality of arcs may 

comprise a plurality of line segments, L.  The step of assessing the predicted laser scan data relative 

to the mobile robot at the current location may include determining if any of the plurality of arcs 

intersect with a point on the polygon representing the mobile robot, which is indicative of a 

potential collision between the mobile robot and an obstacle.  The method may further include 

adjusting the commanded velocity of the mobile robot using a scaling factor based at least in part 

on a depth of incursion into the polygon for at least one intersecting arc.  The depth of incursion 

into the polygon for each intersecting arc may be determined based on the length of an arc length 

approximation for the intersecting arc.  For each intersecting arc, a ratio of a straight line distance 

from the current laser scan point on the obstacle to the point of intersection on the polygon relative 

to the arc length approximation may be determined and the minimum ratio is used as the scaling 

factor. 

[012] In other example, the disclosure includes an autonomous mobile robot configured to predict a 

collision with an obstacle in an environment.  The robot includes a mobile robot base and a laser scanner 

mounted on the mobile robot base.  There is a computer on the mobile robot base, including a processor 

and a memory.  The computer is operatively coupled to the laser scanner and the processor is configured to 

execute instructions stored in memory to obtain laser scan data for the mobile robot at a current location in 

the environment.  The processor is also configured to   
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predict a future location of the mobile robot in the environment and to produce predicted laser scan 

data corresponding to the future location of the mobile robot in the environment.  The processor is 

further configured to assess the predicted laser scan data relative to the mobile robot at the current 

location to determine whether a collision with an obstacle is predicted. 

[013] In further examples of the disclosure one or more of the following features may be 

included.  The laser scan data for the mobile robot at a current location may include raw data output 

from a laser scanner on the mobile robot.  The raw data output from the laser scanner for the mobile 

robot at the current location may include laser scan points indicating points of reflection off of 

obstacles in the environment. The instruction stored in memory to predict the future location of 

the mobile robot in the environment may include estimating the future location of the mobile robot 

moving along an arc path after N seconds of travel from the current location using a commanded 

velocity of the mobile robot.  N may be a number between 1 and 2.  The predicted laser scan data 

may include predicted laser scan points indicating predicted points of reflection off of obstacles in 

the environment from the future location of the mobile robot.  The processor may be further 

configured to execute instructions stored in memory to represent the mobile robot as a polygon.  

The polygon representing the mobile robot may be an R-sided, convex polygon.  When the 

processor executes instructions stored in memory to assess the predicted laser scan data relative to 

the mobile robot at the current location, the processor may be further configured to connect each 

of the laser scan points with a corresponding predicted laser scan point with an arc, thereby forming 

a plurality of arcs.  Each arc of the plurality of arcs may comprise a plurality of line segments, L.  

When the processor executes instructions stored in memory to assess the predicted laser scan data 

relative to the mobile robot at the current location, the processor may be further configured to 

determine if any of the plurality of arcs intersect with a point on the polygon representing the 

mobile robot, which is indicative of a potential collision between the mobile robot and an obstacle.  

The processor may further be configured to execute instructions stored in memory to adjust a 

commanded velocity of the mobile robot using a scaling factor based at least in part on a depth of 

incursion into the polygon for at least one intersecting arc.  The depth of incursion into the polygon 

for each intersecting arc may be determined based on the length of an arc length approximation 

for the intersecting arc.  The processor may further be configured to execute instructions stored in 

memory to calculate a ratio for each intersecting arc, wherein the ratio is of a straight line distance  
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CLAIMS 

What is claimed is: 

1. A method for predicting a collision between a mobile robot (18, 800) and an 

obstacle in an environment, comprising: 

generating a control trajectory for the mobile robot (18, 800) for each of a 

plurality of control cycles; and 

predicting, between each of the plurality of control cycles, a collision of the 

mobile robot (18, 800) and an obstacle, wherein the step of predicting includes: 

obtaining laser scan data for the mobile robot (18, 800) at a current location in the 

environment, wherein the laser scan data includes raw data output from a laser scanner 

and wherein the raw data output from the laser scanner includes laser scan points 

indicating points of reflection off of obstacles in the environment; 

representing the mobile robot (18, 800) at the current location as a polygon; 

  predicting a future location of the mobile robot (18, 800) in the environment; 

 producing predicted laser scan data corresponding to the future location of the 

mobile robot (18, 800) in the environment, wherein the predicted laser scan data includes 

predicted laser scan points indicating predicted points of reflection off of obstacles in the 

environment from the future location of the mobile robot (18, 800); and 

 assessing the predicted laser scan data relative to the mobile robot (18, 800) at the 

current location to determine whether a collision with the obstacle is predicted, wherein 

assessing the predicted laser scan data includes connecting each of the laser scan points 

with a corresponding predicted laser scan point with an arc, thereby forming a plurality of 

arcs, and determining if any of the plurality of arcs penetrate the polygon representing the 

mobile robot (18, 800) at the current location. 

 

2. The method of claim 1 wherein the step of predicting the future location of the 

mobile robot (18, 800) in the environment includes estimating the future location of the 

mobile robot (18, 800) moving along an arc path after N seconds of travel from the 

current location using a commanded velocity of the mobile robot (18, 800). 
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3.   The method of claim 1 wherein the step of assessing the predicted laser scan data 

relative to the mobile robot (18, 800) at the current location includes determining if any 

of the plurality of arcs intersect with a point on the polygon representing the mobile 

robot, which is indicative of a potential collision between the mobile robot and an 

obstacle. 

 

4. The method of claim 3 further including adjusting the commanded velocity of the 

mobile robot (18, 800) using a scaling factor based at least in part on a depth of incursion 

into the polygon for at least one intersecting arc. 

 

5. The method of claim 4 wherein the depth of incursion into the polygon for each 

intersecting arc is determined based on the length of an arc length approximation for the 

intersecting arc; wherein for each intersecting arc, a ratio of a straight line distance from 

the current laser scan point on the obstacle to the point of intersection on the polygon 

relative to the arc length approximation is determined and the minimum ratio is used as 

the scaling factor. 

 

6. An autonomous mobile robot (18, 800) configured to predict a collision with an 

obstacle in an environment, comprising: 

a mobile robot base (20); 

a laser scanner mounted on the mobile robot base (20); and 

a computer (1210) on the mobile robot base (20), including a processor (1212) 

and a memory (1216), the computer (1210) being operatively coupled to the laser 

scanner; the processor (1212) configured to execute instructions stored in memory (1216) 

to: 

generate a control trajectory for the mobile robot (18, 800) for each of a 

plurality of control cycles; and 

predict, between each of the plurality of control cycles, a collision of the 

mobile robot (18, 800) and an obstacle, the step of predicting including: 

obtain laser scan data for the mobile robot (18, 800) at a current location 

in the environment, wherein the laser scan data includes raw data output from a 
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laser scanner and wherein the raw data output from the laser scanner includes 

laser scan points indicating points of reflection off of obstacles in the 

environment; 

represent the mobile robot (18, 800) at the current location as a polygon; 

predict a future location of the mobile robot (18, 800) in the environment; 

produce predicted laser scan data corresponding to the future location of 

the mobile robot (18, 800) in the environment, wherein the predicted laser scan 

data includes predicted laser scan points indicating predicted points of reflection 

off of obstacles in the environment from the future location of the mobile robot 

(18, 800); and 

 assess the predicted laser scan data relative to the mobile robot (18, 800) at 

the current location to determine whether a collision with the obstacle is 

predicted, wherein assessing the predicted laser scan data includes connecting 

each of the laser scan points with a corresponding predicted laser scan point with 

an arc, thereby forming a plurality of arcs, and determining if any of the plurality 

of arcs penetrate the polygon representing the mobile robot (18, 800) at the 

current location. 

 

7. The autonomous mobile robot (18, 800) of claim 6 wherein the instruction stored 

in memory to predict the future location of the mobile robot in the environment incudes 

estimating the future location of the mobile robot moving along an arc path after N 

seconds of travel from the current location using a commanded velocity of the mobile 

robot. 

 

8.   The autonomous mobile robot (18, 800) of claim 6 wherein when the processor 

(1212) executes instructions stored in memory (1216) to assess the predicted laser scan 

data relative to the mobile robot (18, 800) at the current location, the processor (1212) is 

further configured to determine if any of the plurality of arcs intersect with a point on the 

polygon representing the mobile robot, which is indicative of a potential collision 

between the mobile robot and an obstacle. 
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9. The autonomous mobile robot (18, 800) of claim 8 wherein the processor (1212) 

is further configured to execute instructions stored in memory (1216) to adjust a 

commanded velocity of the mobile robot using a scaling factor based at least in part on a 

depth of incursion into the polygon for at least one intersecting arc. 

 

10. The autonomous mobile robot (18, 800) of claim 9 wherein the depth of incursion 

into the polygon for each intersecting arc is determined based on the length of an arc 

length approximation for the intersecting arc; and wherein the processor (1212) is further 

configured to execute instructions stored in memory (1216) to calculate a ratio for each 

intersecting arc, wherein the ratio is of a straight line distance from the current laser scan 

point on the obstacle to the point of intersection on the polygon relative to the arc length 

approximation and the minimum ratio is used as the scaling factor. 

 




