


































































CLAIMS 

1. 	A method for augmented reality executed by a data processing system having at least 

one processor, the method comprising: 

	

5 	receiving or establishing a tracking system coordinate frame associated with an object 

tracking system, wherein the tracking system coordinate frame is aligned with a real 3D space, 

and wherein the tracking system tracks the position and orientation in a real 3D space of a real 

object and of a camera; 

receiving from the tracking system a first real object frame of reference for the real 

	

10 	object, wherein the first real object frame of reference indicates a position and orientation of the 

real object relative to the tracking system coordinate frame; 

determining a second real object frame of reference for the real object, wherein the 

second real object frame of reference indicates a position and orientation of the real object 

relative to the tracking system coordinate frame; 

	

15 	 receiving a first virtual object frame of reference for a virtual object, wherein the virtual 

object is modeled after the real object, and wherein the first virtual object frame of reference is 

unrelated to the tracking system coordinate frame; 

determining a real object origin by calculating a centroid of three or more real object non-

collinear points; 

	

20 	 determining a second virtual object frame of reference for the virtual object, wherein the 

second virtual object frame of reference indicates a position and orientation of the virtual object 

relative to the tracking system coordinate frame, and wherein the second real object frame of 

reference is aligned with the second virtual object frame of reference; 

determining a virtual object origin by calculating a centroid of three or more virtual object 

	

25 	non-collinear points; 

determining a virtual object mapping between the first virtual object frame of reference 

and the tracking system coordinate frame, wherein the virtual object mapping includes a 

transform matrix to transform between the first virtual object frame of reference and the tracking 

system coordinate frame; and 

	

30 	 displaying an augmented scene including a view of the real 3D space, a view of the real 

object and one or more overlaid virtual items, wherein the virtual object mapping is used to 

place the one or more overlaid virtual items in the augmented scene such that the one or more 

virtual items are aligned with the real object. 
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2. The method of claim 1, wherein determining the second real object frame of reference 

includes: receiving or detecting three or more real object non-collinear points on the real object, 

wherein the location of three or more real object non-collinear points are defined relative to the 

tracking system coordinate frame; and determining a real object orientation that is related to the 

	

5 	orientation of the first real object frame of reference. 

3. The method of claim 2, wherein determining the second virtual object frame of reference 

includes: receiving or indicating three or more virtual object non-collinear points on the virtual 

object, wherein the location of three or more virtual object non-collinear points are defined 

	

10 	relative to the tracking system coordinate frame; and determining a virtual object orientation. 

4. The method of claim 3, wherein the second real object frame of reference and the 

second virtual object frame of reference are aligned by ensuring that: the three or more virtual 

object non-collinear points and the three or more real object non-collinear points are located at 

	

15 	approximately the same location relative to the tracking system coordinate frame; and the real 

object orientation and the virtual object orientation are approximately the same as each 

orientation relates to the tracking system coordinate frame. 

5. The method of claim 1, wherein determining the virtual object mapping includes: 

	

20 	 receiving or determining a first transform matrix that represents the first real object frame 

of reference; 

determining a second transform matrix that represents the difference in location and 

orientation between the first real object frame of reference and the second real object frame of 

reference; 

	

25 	 determining a third transform matrix that represents the difference in location and 

orientation between the first virtual object frame of reference and the second virtual object frame 

of reference; and 

computing a fourth transform matrix that represents the virtual object mapping, wherein 

the fourth transform matrix represents the difference in location and orientation between the first 

	

30 	virtual object frame of reference and the tracking system coordinate frame, and wherein the 

fourth transform matrix is computed by performing matrix multiplication between the first, 

second and third transform matrices. 
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6. The method of claim 1, wherein using the virtual object mapping to place the one or 

more overlaid virtual items in the augmented scene includes: 

receiving a first virtual item frame of reference for a first overlaid virtual item, wherein the 

first virtual item frame of reference is unrelated to the tracking system coordinate frame; 

	

5 	referencing the virtual object mapping to transform the first virtual item frame of 

reference to a transformed frame of reference that relates to the tracking system coordinate 

frame; and 

placing the first overlaid virtual item in the augmented scene using the transform frame 

of reference. 

10 

7. The method of claim 1, further comprising: 

receiving from the tracking system real-time information about the location and 

orientation of the real object; 

updating the virtual object mapping based on the real-time information; and 

	

15 	updating the augmented scene by updating the placement of the one or more overlaid 

virtual items such that the one or more virtual items remain aligned with the real object. 

8. A method for augmented reality executed by a data processing system having at least 

one processor, the method comprising: 

	

20 	receiving or establishing a tracking system coordinate frame associated with an object 

tracking system, wherein the tracking system coordinate frame is aligned with a real 3D space, 

and wherein the tracking system tracks the position and orientation in a real 3D space of a 

camera that captures the real 3D space and a printed marker; 

receiving from the tracking system a camera frame of reference for the camera, wherein 

	

25 	the camera frame of reference indicates a position and orientation of the camera relative to the 

tracking system coordinate frame; 

receiving or establishing a printed marker coordinate frame associated with the printed 

marker, wherein the printed marker coordinate frame is aligned with the real 3D space, and 

wherein the printed marker coordinate frame is aligned with the tracking system coordinate 

30 frame; 

determining a printed marker origin by calculating a centroid of three or more printed 

marker non-collinear points; 
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determining a camera lens frame of reference for the lens of the camera, wherein the 

camera lens frame of reference indicates a position and orientation of the camera lens relative 

to the printed marker coordinate frame; 

determining a camera lens mapping between the camera frame of reference and the 

	

5 	camera lens frame of reference, wherein the camera lens mapping includes a transform matrix 

to transform between the camera frame of reference and the camera lens frame of reference; 

and 

displaying an augmented scene including a view of the real 3D space and one or more 

virtual items, wherein the camera lens mapping is used to alter or distort the one or more virtual 

	

10 	items in the augmented scene. 

9. The method of claim 8, wherein determining the camera lens frame of reference includes 

receiving camera lens position and orientation information a software program associated with 

the printed marker. 

15 

10. The method of claim 8, wherein aligning the printed marker coordinate frame with the 

tracking system coordinate frame includes placing the printed marker at a location and 

orientation in the real 3D space such that: an origin associated with the printed marker is 

located at approximately the same location in the 3D space as an origin associated with the 

	

20 	tracking system; and three axes associated with the printed marker are approximately aligned in 

the 3D space with three axes associated with the tracking system. 

11. The method of claim 8, wherein determining the camera lens mapping includes: 

receiving or determining a first transform matrix that represents the first real object frame 

	

25 	of reference; 

determining a second transform matrix that represents the difference in location and 

orientation between the camera lens frame of reference and the printed marker coordinate 

frame; 

computing a third transform matrix that represents the camera lens mapping, wherein 

	

30 	the third transform matrix represents the difference in location and orientation between the 

camera frame of reference and the camera lens frame of reference, and wherein the third 

transform matrix is computed by performing matrix division either between the first and second 

transform matrices or between the second and first transform matrices. 
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12. The method of claim 8, wherein using the camera lens mapping to alter or distort the one 

or more overlaid virtual items in the augmented scene includes: placing a first overlaid virtual 

item in the augmented scene using a first virtual item frame of reference, wherein the first virtual 

item frame of reference relates to the tracking system coordinate frame; receiving from the 

	

5 	tracking system real-time information about the location and orientation of the camera; 

referencing the virtual object mapping to transform to update the camera lens frame of 

reference based on the real-time information; and updating the augmented scene by altering or 

distorting the one or more overlaid virtual items based on the updated the camera lens frame of 

reference. 

10 

13. The method of claim 8, wherein altering or distorting the one or more overlaid virtual 

items in the augmented scene includes shrinking the overlaid virtual items in response to the 

camera moving further away from a real object in the 3D space. 

	

15 	14. 	The method of claim 8, wherein altering or distorting the one or more overlaid virtual 

items in the augmented scene includes enlarging the overlaid virtual items in response to the 

camera moving closer to a real object in the 3D space. 

15. The method of claim 8, wherein altering or distorting the one or more overlaid virtual 

	

20 	items in the augmented scene includes rotating the overlaid virtual items in response to the 

camera moving at an angle relative to a real object in the 3D space. 

16. A system, comprising: 

a camera that captures a view of a real 3D space including a real object; 

	

25 	a tracking system that tracks the position and orientation in a real 3D space of the real 

object and of the camera, wherein the tracking system is configured to establish a tracking 

system coordinate frame associated with the tracking system, wherein the tracking system 

coordinate frame is aligned with the real 3D space; and 

a computer coupled to the camera and the tracking system, the computer having one or 

	

30 	more memory units, the computer being configured with a virtual modeler, wherein the virtual 

modeler is configured to receive from the tracking system a first real object frame of reference 

for the real object, wherein the first real object frame of reference indicates a position and 

orientation of the real object relative to the tracking system coordinate frame; 
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wherein the virtual modeler is further configured to compute a second real object frame 

of reference for the real object, wherein the second real object frame of reference indicates a 

position and orientation of the real object relative to the tracking system coordinate frame; 

wherein the virtual modeler is further configured to compute the second real object frame 

	

5 	of reference by: 

receiving or detecting three or more real object non-collinear points on the real object, 

wherein the location of three or more real object non-collinear points are defined relative to the 

tracking system coordinate frame; 

determining a real object origin by calculating a centroid of the three or more real object 

	

10 	non-collinear points; and 

determining a real object orientation that is related to the orientation of the first real 

object frame of reference; 

wherein the virtual modeler is further configured to receive from the one or more memory 

units a first virtual object frame of reference for a virtual object, wherein the virtual object is 

	

15 	modeled after the real object, and wherein the first virtual object frame of reference is unrelated 

to the tracking system coordinate frame; 

wherein the virtual modeler is further configured to compute a second virtual object 

frame of reference for the virtual object, wherein the second virtual object frame of reference 

indicates a position and orientation of the virtual object relative to the tracking system coordinate 

	

20 	frame, and wherein the second real object frame of reference is aligned with the second virtual 

object frame of reference; 

wherein the virtual modeler is further configured to compute the second virtual object 

frame of reference by: receiving or indicating three or more virtual object non-collinear points on 

the virtual object, wherein the location of three or more virtual object non-collinear points are 

	

25 	defined relative to the tracking system coordinate frame; 

determining a virtual object origin by calculating a centroid of the three or more virtual 

object non-collinear points; and 

determining a virtual object orientation; 

wherein the virtual modeler is further configured to compute a virtual object mapping 

	

30 	between the first virtual object frame of reference and the tracking system coordinate frame, and 

wherein the virtual object mapping includes a transform matrix to transform between the first 

virtual object frame of reference and the tracking system coordinate frame; and 

wherein the virtual modeler is further configured to generate and store in the one or 

more memory units an augmented scene including a view of the real 3D space, a view of the 
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real object and one or more overlaid virtual items, wherein the virtual object mapping is used to 

place the one or more overlaid virtual items in the augmented scene such that the one or more 

virtual items are aligned with the real object. 

	

5 	17. 	The system of claim 16, further comprising a display coupled to the computer, wherein 

the virtual modeler is further configured to communicate the augmented scene to the display, 

and wherein the display is configured to show the augmented scene to a user. 

18. The system of claim 16, wherein using the virtual object mapping to place the one or 

	

10 	more overlaid virtual items in the augmented scene includes: receiving a first virtual item frame 

of reference for a first overlaid virtual item, wherein the first virtual item frame of reference is 

unrelated to the tracking system coordinate frame; referencing the virtual object mapping to 

transform the first virtual item frame of reference to a transformed frame of reference that 

relates to the tracking system coordinate frame; and placing the first overlaid virtual item in the 

	

15 	augmented scene using the transform frame of reference. 

19. The method of claim 16, wherein the virtual modeler is further configured to: receive 

from the tracking system real-time information about the location and orientation of the real 

object; update the virtual object mapping based on the real-time information; and update the 

	

20 	augmented scene by updating the placement of the one or more overlaid virtual items such that 

the one or more virtual items remain aligned with the real object. 

20. A data processing system, comprising: 

one or more memory units that store computer code; and 

	

25 	 one or more processor units coupled to the one or more memory units, wherein the one 

or more processor units execute the computer code stored in the one or more memory units to: 

receive or establish a tracking system coordinate frame associated with an object 

tracking system, wherein the tracking system coordinate frame is aligned with a real 3D space, 

and wherein the tracking system tracks the position and orientation in a real 3D space of a 

	

30 	camera that captures the real 3D space and a printed marker; 

receive from the tracking system a camera frame of reference for the camera, wherein 

the camera frame of reference indicates a position and orientation of the camera relative to the 

tracking system coordinate frame; 
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receive or establish a printed marker coordinate frame associated with the printed 

marker, wherein the printed marker coordinate frame is aligned with the real 3D space, and 

wherein the printed marker coordinate frame is aligned with the tracking system coordinate 

frame; 

	

5 	wherein receiving or establishing the printed marker coordinate frame includes: receiving 

or detecting three or more printed marker non-collinear points on the printed marker, wherein 

the location of three or more printed marker non-collinear points are defined relative to the 

tracking system coordinate frame; 

determining a printed marker origin by calculating a centroid of the three or more printed 

	

10 	marker non-collinear points; and 

determining a printed marker orientation that is related to the orientation of the printed 

marker coordinate frame; 

determine a camera lens frame of reference for the lens of the camera, wherein the 

camera lens frame of reference indicates a position and orientation of the camera lens relative 

	

15 	to the printed marker coordinate frame; 

determine a camera lens mapping between the camera frame of reference and the 

camera lens frame of reference, wherein the camera lens mapping includes a transform matrix 

to transform between the camera frame of reference and the camera lens frame of reference; 

and 

	

20 	display an augmented scene including a view of the real 3D space and one or more 

virtual items, wherein the camera lens mapping is used to alter or distort the one or more virtual 

items in the augmented scene. 
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