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  SELECTIVE APPLICATION OF REPROJECTION PROCESSING ON LAYER   

  SUB-REGIONS FOR OPTIMIZING LATE STAGE REPROJECTION POWER 

 

                                CROSS-REFERENCE TO RELATED APPLICATIONS 

Not Applicable 

  

                                       BACKGROUND OF THE INVENTION 

[0001]   Computers and computing systems have impacted nearly every aspect of modern 

living. Computers are generally involved in work, recreation, healthcare, transportation, 

entertainment, household management, etc. 

[0002]   Mixed-reality computer systems, which include virtual-reality systems and 

augmented-reality systems, have recently received significant interest for their ability to 

create immersive experiences for users. Conventional augmented-reality systems create an 

augmented-reality scenario by visually presenting virtual objects in the real world. In 

contrast, conventional virtual-reality systems create a more immersive experience such that   

a user's entire view is obstructed by a virtual world. As used herein, mixed-reality, 

augmented-reality, and virtual-reality systems are described and referenced    

interchangeably. Unless specifically stated or unless specifically required, as understood by 

one of skill in the art, the descriptions herein apply equally to any type of mixed-reality 

system, including augmented-reality systems, virtual-reality systems, and/or any other  

similar system capable of displaying virtual objects to a user. 

[0003]    Mixed-reality computer systems typically use one or more on-body devices (e.g.,     

a head-mounted device, a handheld device, etc.). The head-mounted device provides a 

display, sometimes referred to as a head-mounted display (hereinafter "HMD"), that enables  

a user to view overlapping and/or integrated visual information in the user's ambient 

environment. For example, a mixed-reality system may present visual information to the  

user, through the HMD, in the form of a simulated object on an actual table surface. 

[0004]     Continued advances in hardware capabilities and rendering technologies have 

greatly increased the realism of virtual obj ects and scenes displayed to a user within a mixed-

reality environment. For example, in mixed-reality environments, virtual objects can be 

placed within the real world in such a way as to give the impression that the virtual object     

is part of the real world. As a user moves around within the real world, the mixed-reality 

environment automatically updates so that the user is provided with the proper perspective 

and view of the virtual object. This mixed-reality environment is often referred to as a 

computer-generated scene, or simply a "scene." 

[0005]       In such systems, the user's body (specifically the user's head and corresponding 

HMD) can move in real-time in relation to the virtual environment. For example, in a 
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an affine transformation. The updated image may be generated using a pixel offset 

adjustment or a combination of homographic transformations and pixel offset adjustments.  

In some cases, the homographic transformations and/or pixel offset adjustments may be 

generated downstream from the core rendering pipeline (e.g., using a controller or processor 

integrated with the HMD). In other cases, the pixel offset adjustments may be performed 

using a display that incorporates shift registers or other circuitry for allowing the shifting of 

pixel values within a pixel array of the display (e.g., similar to the operation of a charge-

coupled device). 

[0054]     The updated images include late stage graphical adjustments of forward predicted 

rendered images and may be generated using various image reprojection techniques of 

varying computational complexity. The image reprojection techniques may include per    

pixel reprojection (e.g., where each pixel of a rendered image is reprojected based on an 

updated pose), multi-layered homography (e.g., where multiple rendered images associated 

with multiple layers within a 3D scene are used to generate the composite updated image), 

single layer homography (e.g., where a single rendered image associated with a single layer 

within a 3D scene is used to generate the updated image), affine homography, or pixel offset 

based adjustments. 

                 Additional details regarding LSR processing can be found in U.S. Pat. No. 

9,514,571, ISSUED Nov 16, 2016 and entitled “Late Stage Reprojection”, and U.S. patent 

application Ser. No. 15/227,453, filed Aug. 3, 2016 and entitled “Late Stage Reprojection,” 

the disclosure of which are incorporated herein by reference. 

[0055]      Although prior systems do support LSR adjustment, these systems fail to optimize 

that processing in an efficient manner. As a result, these systems suffer many handicaps 

associated with battery longevity. Disclosed embodiments can be used to help resolve some 

of these problems by performing selective LSR adjustments for multi-layered scenes. 

                                                 Multi-Layer Computer-Generated Scenes 

[0056]     Attention will now be directed Figures 2-12. Briefly, Figure 2 illustrates an 

exemplary computer system that includes various components for optimizing LSR  

processing on computer-generated scenes that include multiple layers. Figures 3-12    

expound on various functionalities that are available in the present embodiments. 

[0057]     As indicated above, Figure 2 illustrates a computer system 200 that includes various 

components (e.g., a scene generation component 210, a LSR component 220, a layer   

creation component 230, and a rendering component 240). The computer system 200 is 

analogous to the computer system 100 presented in Figure 1. In some embodiments, the 

computer system 200 is configured as a specialized set of one or more processors (e.g., 

GPUs). Additional attributes of the computer system 200 will also be discussed in  

connection with the remaining figures. 

 



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



WS6
Rectangle

WS6
Rectangle



26 
 

What is claimed is :                                                                   

        1.                A computer system comprising: 

         one or more processors; and 

         one or more computer-readable hardware storage media having stored thereon 

computer-executable instructions, the computer-executable instructions being executable by 

the one or more processors to cause the computer system to optimize late stage reprojection 

by causing the computer system to: 

 

                           generate a scene that includes a plurality of layers, wherein the plurality of 

layers includes a first layer and a second layer, the scene being generated based on a first 

predicted pose of a portion of the computer system; 

 

                           identify a sub-region within the plurality of layers in response to determining 

that a user movement threshold associated with the first layer has been met and that a user 

movement threshold associated with the second layer has not been met, wherein the sub-

region includes at least part of the first layer and excludes at least a part of the second layer, 

the sub-region being distinguished from at least one other region in the plurality of layers; 

 

                            isolate the sub-region from the at least one other region of the plurality of  

layers; and 

 

                             apply late stage reprojection processing to the isolated sub-region while 

          refraining from applying late stage reprojection processing to the at least one other   

          region of the plurality of layers. 

           2.             The computer system of claim 1, wherein the late stage reprojection 

processing includes applying an invertible image transformation to the plurality of layers. 

           3.             The computer system of claim 1, wherein isolating the sub-region is 

performed at least partially by applying a pixel mask to the plurality of layers. 

           4.             The computer system of claim 1, wherein identifying the sub-region includes 

identifying (1) a particular element within the plurality of layers and (2) a boundary around 

the particular element, and wherein the sub-region includes the element and the boundary 

around the particular element. 

            5.            The computer system of claim 1, wherein the late stage reprojection 

processing comprises one or more transformations for transforming the plurality of layers, the 

one or more transformations being applied to the plurality of layers in response to the first 

predicted pose of the portion of the computer system. 

             6.           The computer system of claim 1, wherein execution of the computer-

executable instructions further causes the computer system to apply a buffer region around 

the isolated sub -region. 
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                 7.            The computer system of claim 1, wherein the scene is a mixed-reality 

scene. 

                 8.             The computer system of claim 1, wherein the scene is an augmented-

reality scene. 

                  9.             The computer system of claim 1, wherein the scene is a virtual-reality 

scene. 

                 10.            One or more hardware storage devices having stored thereon computer-

executable instructions that are executable by one or more processors of a computer system to 

cause the computer system to optimize late stage reprojection by causing the computer 

system to: 

            

                           generate a scene that includes a plurality of layers, wherein the plurality of 

layers includes a first layer and a second layer, the scene being generated based on a first 

predicted pose of a portion of the computer system; 

 

                           identify a sub-region within the plurality of layers in response to determining 

that a user movement threshold associated with the first layer has been met and that a user 

movement threshold associated with the second layer has not been met, wherein the sub-

region includes at least part of the first layer and excludes at least a part of the second layer, 

the sub-region being distinguished from at least one other region in the plurality of layers; 

 

                           isolate the sub-region from the at least one other region of the plurality of  

layers; and 

 

                           apply late stage reprojection processing to the isolated sub-region while  

                  refraining from applying late stage reprojection processing to the at least one other  

                  region of the plurality of layers. 

                  11.    The one or more hardware storage devices of claim 10, wherein isolating the 

sub-region is at least partially performed by applying a vector mask to the plurality of layers. 

                   12.    The one or more hardware storage devices of claim 10, wherein the late 

stage reprojection processing includes applying a matrix transform to the plurality of layers. 

                  13.   The one or more hardware storage devices of claim 10, wherein the first 

predicted pose is determined based on information previously acquired by one or more 

hardware instruments of the computer system. 

                   14.  The one or more hardware storage devices of claim 13, wherein the one or 

more hardware instruments of the computer system include an accelerometer, a gyroscope, a 

magnetometer, a depth sensor, a camera, or an infrared sensor.  

                   15.  The one or more hardware storage devices of claim 10, wherein the first layer 

is rendered according to a first resolution and the second layer is rendered according to a 

second resolution. 
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                  16.   The one or more hardware storage devices of claim 15, wherein the computer 

system also tracks movements of an eye of a user of the computer system, and wherein scene 

elements included within the first layer are displayed near a fovea of the user's eye while 

scene elements included within the second layer are not displayed near the fovea of the   

user's eye, whereby the scene is configured for foveated rendering. 

                  17.   The one or more hardware storage devices of claim 10, wherein the late stage 

reprojection processing that is applied to the first layer is different than late stage reprojection 

processing that is applied to the second layer. 

                  18.   The one or more hardware storage devices of claim 17, wherein the 

difference between the late stage reprojection processing of the first layer and the late stage 

reprojection processing of the second layer is due to a difference in determined depth 

between the first layer and the second layer. 

             19.   A method for optimizing late stage reprojection, the method being performed by 

one or more processors of a computer system, the method comprising: 

 

                             generating a scene that includes a plurality of layers, wherein the plurality 

of layers includes a first layer and a second layer, the scene being generated based on a first 

predicted pose of a portion of the computer system; 

  

                             identifying a sub-region within the plurality of layers in response to 

determining that a user movement threshold associated with the first layer has been met and 

that a user movement threshold associated with the second layer has not been met, wherein 

the sub-region includes at least part of the first layer and excludes at least a part of the second 

layer, the sub-region being distinguished from at least one other region in the plurality of 

layers; 

 

                            isolating the sub-region from the at least one other region of the plurality of 

layers; and 

                             applying late stage reprojection processing to the isolated sub-region while  

                  refraining from applying late stage reprojection processing to the at least one other  

                  region of the plurality of layers. 

 

                  20.       The method of claim 19, wherein the late stage reprojection processing is 

applied to all pixels in the first layer while late stage reprojection processing is applied to 

only a subset of pixels in the second layer. 

                  21.        The method of claim 19, wherein the sub-region includes a transparent 

portion, and wherein after the late stage reprojection processing is applied to the isolated sub-

region, an obfuscated portion of the second layer is viewable through the transparent portion 

of the sub-region.  




