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OpenXR Provisional 0.90 Release is Here!

KHRCONOS KHRCONOS
GROUP GROUP
CONMECTING SOFTWARE TO SILICOM CONNECTING SOFTWARE TO SiLIcON

Ope XR.

Khronos Releases OpenXR 0.90 Provisional

Specification for High-performance Access
to AR and VR Platforms and Devices

March18, 2019 - 6:00 AM PT - Game Developer Conference, San Francisco - Today,
The Khronos® Group, an open consortium of leading hardware and software companies
creating advanced acceleration standards, announces the ratification and public release
of the OpenXR™ 0.90 provisional specification. OpenXR is a unifying, royalty-free, open

standard that provides high-performance access to augmented reality (AR) and virtual

UNIFYING REALITY

reality (VR)— collectively known as XR—platforms and devices. The new specification can
be found on the Khronos website and is released in provisional form to enable OpenXR is a royalty-free, open standard that provides high-performance access to Augmented

(= developers and implementers to provide feedback at the OpenXR forum. Reality (AR) and Virtual Reality (VR)—collectively known as XR—platforms and devices.

®

The OpenXR 0.90 provisional release specifies a cross-platform Application Programming
Interface (API) enabling XR hardware platform vendors to expose the functionality of
their runtime systems. By accessing a common set of objects and functions

corresponding to application lifecycle, rendering, tracking, frame timing, and input, O pe nXR 0.90 |S H erE!

which are frustratingly different across existing vendor-specific APls, software

NQ

. N . . - . The OpenXR 0.90 provisional specification was released on March 18th 2019
developers can run their applications across multiple XR systems with minimal porting

effort—significantly reducing industry fragmentation. Press Release Provisional Specification Sample Code Launch Slides

The Khronos OpenXR working group was formed in early 2017 with the support and X : .
L . . . Reference Pages Overview Guide Merchandise
participation of leading XR companies. Throughout the development of the specification,

Press announcement Updated landing page
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OpenXR Overview Guide

OpenXR™ is a cross-platform API that enables a continuum of real-and-virtual
combined environments generated by computers through human-machine K H R N s
Ope I\R interaction and is inclusive of the technologies associated with virtual reality, r . s
augmented reality, and mixed reallty.
More information and specifications at khronos.org/openxr
API Layers OpenXR API Overview ‘AP! Layers Systems
Various layers can be L A collection of related devices
enabled to enhance EnumerateApiLayerProperties in the runtime working
functionality such as a together to enable XR
validation layer, or tracing Instances experiences.
layer. gvf;‘:“‘ May include VR/AR displays,
X etSystem input form factors, and
Instances ket i GetSystemProperties trackable objects.
Application’s . etliekod EnumerateEnvironment8lendModes
i the
per r View C
DB e View Configurations Configuration for rendering,
The Createlnstance Events EnumerateViewConfigurations such as MONO or STEREO.
function calls the loader to GetViewConfigurationProperties i 0
determine which installed l e ] Wdpiscipabiadeta
OpenXR runtime to ™ configurations, then selects
connect to. Sessions LocateViews the configuration to use.
Cr EndSession r ~ ‘
Events BeginSession  DestroySession Input and Haptics Swapchains
Events are messages sent CreateAction The OpenXR runtime allows
from the runtime into a Swapchains DestroyAction Mottt lile ol
queue from which the EnumerateSwapchainFormats CreateActionSet swapchains, into which 20 or
application will read one CreateSwapchain DestroyActionSet 3D images are organized to
atatime. DestroySwapchain GetActionState* present to the user.
hainimage: SyncActionData
Sessions tion | d
¥ Waitswapchainimage i nput and Haptics
Anactiveineraction p g GetinputSourceLocalzedName Applications define actions,
between the application . < the runtime binds actions
and the runtime, “—f GetC rofile o Input devices. Action
Anapplcation Indicates Spaces ApplyHapticFeedback sets are application-defined
Jtwants to render by StopHapticeedback collections of actions
beginning a session. B - - #
s 2
ru)ca(es ice. RandarLoop Rander Loop
Spaces pa WaitFrame Asession is created and the
Frame of reference, how a application’s XR rendering
to track real and virtual DestroySpace | EndFrame ) loop begins.
objects and their relative
motion. z
OpenXR defines 3 Helper Functions Belpsofunctions
@ reference spaces, VIEW, i Stru g’ 8 F"”"‘"f" to h'e‘p )"“h
LOCAL, and STAGE, conversions of strings.
N 1
s ) Input and Haptics Set up interaction profile bindings
P p g
(o) Create action and action spaces ] iteraction_profies/oculustouch._controler O
Action “teleport’ -
3 wiCreateAction > /user/nanu/ngm/npul/a/cn:k
name = “teleport’ Action “telepor
5 type =XR_INPUT_ACTION_TYPE_BOOLEAN > /use,/y.and/ngm/npul/pomxer/pose
name = “teleport_ray” interacion_profies/htc/vive_controler
type =XR_INPUT_ACTION_TYPE_POSE Action “teleport” J—
> user/hand/right/input/trackpadclick )
nOsseActionspace. Action “teleport_ray”
action = “teleport_ray’ > Juser/hand/right/input/pointer/pose 5 Get =cﬂon states
OperRseparatesthe applcaton acions Ineracton profile dentiy acolection of buttons | XSeticionStaeSoolean (eepor.rr
such as Move, Jump, and Teleport from and other input sources in a physical arrangement | 1 (state.currentState) // button i presse
the input device: Trigger, Thumbstick, and to allow applications and runtimes to coordinate
Button, This simplifies support for different action to input mapping. Interaction profiles *'109‘?5?7“ (teleport_ray_space,
or future input devices and maximizes user for well known XR systems are included in the Stage_reference_space);
accessibility. specification. )

| S =

For video viewers download from: https://www.khronos.org/openxr “Overview Guide”

KHR
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https://www.khronos.org/openxr

Agenda

e What is OpenXR?

e A Brief History of the Standard

« What are the Problems we are trying to Solve
« OpenXR Timeline of Development

» Technical Walkthrough

 Provisional Release

« What’s Next?

e Recap

e Call To Action

e Questions

© The Khronos® Group Inc. 2018 - Page 4



A Brief Aside...

e Note: This is a provisional release

- Things are likely to change between now and final release of the 1.0 specification
e Talk assume that you know:

- A little bit about VR and AR

- A little bit about programming and very basic real-time rendering
- Nothing about the specification process

- Nothing about any of the other Khronos specifications

© The Khronos® Group Inc. 2018 - Page 5
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What is OpenXR?

OpenXR is a royalty-free, open standard that provides
high-performance access to Augmented Reality (AR) and
Virtual Reality (VR)—collectively known as XR—platforms

and devices.
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A Brief History of OpenXR

- Among the first VR hardware available 2016

*. 1@

« Need applications...

- Each platform provided an SDK to interface with the hardware
- Each was different from the other

© The Khronos® Group Inc. 2018 - Page 7



XR Ecosystem Fragmentation

eIncreased development time and therefore cost.
eIncreased validation overhead and therefore cost.

Time and resources spent developing one title, impacts
developers’ ability to create more titles.

© The Khronos® Group Inc. 2018 - Page 8
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Major XR Runtimes

D ALO
Oculus SteamVR Mixed Oculus Go | Daydream GearVR Hololens ML1 ARKit ARCore PSVR
Rift Reality
Company | Facebook Valve Microsoft Facebook Google Samsung Microsoft Magic Apple Google Sony
Oculus Leap
0s | A gE e - I'b
support Bl 532 "W| "W Ll <>
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OpenXR

« Recognizing the problem, several companies got together in late 2016 /
early 2017 and formed the OpenXR working group in Khronos.

Virtual Reality

(Open\’\/,\:\ R.

Augmented Reality

U

G

NOS

KHRCOS
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OpenXR - Solving XR Fragmentation

APP1 APP2 APP3 APP 4

& unity u@L WebXR [P“'%E'E'.fu’é‘“"]

EEEEEE

@ O 1 AMSUN
ine D mEWindows Qg . @8

> STEAMVR ’ oculus

oz Daydream
ZO

Before OpenXR

a2
m= XR Market Fragmentation

2
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OpenXR - Solving XR Fragmentation

APP1 APP 2 APP 3 APP 4 APP 1 APP 2 APP 3 APP 4
| ‘ l |
@ Quity ) yooxn [rrraen]
Q unity WebXR [PRI]PBIETAHY] UNFEAL

UNREAL ENGINE
Opeb( Rm APPLICATION INTERFACE

EEEEEE

o o o . ° 9 == Windgws ° Gear *
STEAMVR Hied ealty oculus Gear VR Deydream
e O ] | I SAMSUNG
- STE%VR o= /indows °I Gear VR ‘ WV
= oculus
: i Daydream OpenARm DEVICE PLUGIN INTERFACE*

; Before OpenXR After OpenXR

XR Market Fragmentation Wide interoperability of XR apps and devices
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VR Software Stack (Example)

VR Application ' Browser  WebXR

VR APIs

» Application interface
* Driver(HW) interface

Server Compositor
VR Runtime

Vulkan | Direct3D | OpenGL (+ other system APIs)

Hardware
Windows | Linux | Android

© The Khronos® Group Inc. 2018 - Page 13
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OpenXR Architecture

OpenXR does not replace XR Runtime Systems!
It enables any XR Runtime to expose CROSS-VENDOR APIs to access their functionality

Current Device State
Controller/Peripheral State
Normalized Poses

Input Events

Current Device State
Controller/Peripheral State
Raw Poses

XR
Apps and Engines

OpenXR
API

XR Vendor

Runtime System

Distortion Correction and Display Output
Coordinate System Unification and Prediction

OpenXR Device
Plugin Extension

(Optional - Coming soon)

Vendor-supplied
Device Drivers

XR
Devices

Outgoing Requests
Pre-distortion image to display
Haptics

Outgoing Requests
Post-distortion image to display
Haptics

© The Khronos® Group Inc. 2018 - Page 14



The Structure

Applié:ation

OpenXR Application Layer

Runtime A

Runtime B

OpenXR Device Plugin Extension

VR / AR Hardware

VR / AR VR / AR
Hardware Hardware

© The Khronos® Group Inc. 2018 - Page 15
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OpenXR Philosophies

1

2
3
4

Enable both VR and AR applications

The OpenXR standard will unify common VR and AR functionality to streamline
software and hardware development for a wide variety of products and platforms

Be future-proof

While OpenXR 1.0 is focused on enabling the current state-of-the-art, the standard is
built around a flexible architecture and extensibility to support rapid innovation in
the software and hardware spaces for years to come

Do not try to predict the future of XR technology

While trying to predict the future details of XR would be foolhardy, OpenXR uses
forward-looking APl design techniques to enable engineers to easily harness new and
emerging technologies

Unify performance-critical concepts in XR application development

Developers can optimize to a single, predictable, universal target rather than add
application complexity to handle a variety of target platforms

© The Khronos® Group Inc. 2018 - Page 16
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Where are we on the timeline?

Call for Participation / Exploratory Group Formation
Fall F2F, October 2016: Korea

Statement of Work / Working Group Formation
Winter F2F, January 2017: Vancouver

Specification Work \’
Spring F2F, April 2017: Amsterdam R
Interim F2F, July 2017: Washington enAaAnm.

Defining the MVP U n]fy'| ng Rea[lty
Fall F2F, September 2017: Chicago

Resolving Implementation Issues
Winterim F2F, November 2017: Washington
Winter F2F, January 2018: Taipei

First Public Information
GDC, March 2018

First Public Demonstrations
SIGGRAPH, August 2018

% OpenXR 0.90 Provisional Specification Released
Release Provisional Specification! . .
GDC, March 2019 N Epables mdustry review and.feedbac.k
c TN — First prototype implementations available
onformance Tests Finalize

and Adopters Program \Jﬂ/ Implementations
Ratify and release Final Specification and
Enable Conformant Implementations to Ship

© The Khronos® Group Inc. 2018 - Page 17



KHRONO§

OpenXR Application Development Walkthrough



The OpenXR Loader

A separate component for supporting multiple runtimes on a single system
 Similar mechanism to other Khronos APlIs

« Loader determines the runtime to use for the requesting application
« Complexity can vary from “just pick one” to more intelligent decisions based on

user factors, hardware, running apps, etc _, |

- Not all systems will have a loader (\
Y OpenXR.
Runtime A

Open\’ R.

Runtime B

Open\’ R.

Runtime C

gMos> Group Inc. 2018 - Page 19
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Time to use the Overview Guide (back)

Application

Started

xrEnumerateApilLayerProperties
xrenumerateextensionProperties

Decide APl and

Extensions usages

xrGetsystemProperties
xreEnumerateviewConfigurations
xrGetviewConfigurationProperties
xrenumerateviewConfigurationviews
xrenumerateEnvironmentglendModes

xrCreatelnstance
xrGetInstanceProperties

xrenumeratereferencespaces
xrCreatereferenceSpace
xrCreateActionspace
xrGetReferenceSpaceBoundsrect

XrenumerateSwapchainFormats
xrCreateswapchain
XrEnumerateswapchainImages

xrCreateActionset

xrCreateAction
xrsetInteractionProfilesuggestedsindings

Session [

xrDestroyInstance
xrbestroyspace
xrDestroyAction
xrDestroyActionSet
xrDestroySwapchain

Instance
Destroyed

Application
Completed

!

System
Unavailable

. _xrGetSystem
Se-ey
v

System
Available

v

xrCreateSession

Session
Created

v

7
xrPollEvent

Session States
and
Frame Loop

=

xrDestroySession

Session
Destroyed

!

XR_SESSION_STATE

EXITING

XR_SESSION_STATE
READY
- =

I
¥R_SESSION_STATE
STOPPING

XR_SESSION_STATE
LOSS_PENDING

)
xrBeginsession
)

XR_SESSION_STATE
RUNNING or VISIBLE or FOCUSED

xrSyncActionData

Handle Actions

v
r‘"i

’ Q
/
£

xrijaitFrame
xrBeginFrame

xrEndFrame

Thanks to Yin Li, Microsoft
© The Khronos® Group Inc. 2018 - Page 20
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Initial steps: API Layers & Extensions
« APl Layers

[

xrDoSomething()

\ 4

Layerl: :xrDoSomething()

v

LayerN: :xrDoSomething()

v

MyRuntime: :xrDoSomething()

)

Application

OpenXR Application
Layer(s)

Runtime

- XrEnumerateApilLayerProperties()
- Query the API layers available

- Validation, debug, tracing, profiling layers, etc

« Extensions
- XrEnumerateInstanceExtensionProperties()

Application

Started

xrEnumerateApilLayerProperties
xrEnumerateExtensionProperties

Decide APl and
Extensions usages

xrCreatelnstance
xrGetInstanceProperties

Instance

Created

© The Khronos® Group Inc. 2018 - Page 21
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The Instance

XrInstance:

The XrInstance is basically the
application’s representation of the OpenXR
runtime

Can create multiple XrInstances, if
supported by the runtime
xrCreatelnstance specifies app info,
layers, and extensions

Application

\ 4

OpenXR Runtime A

KHR_Extension_2

KHR_Extension_ 3

{ xrCreatelInstance P Loader

\ 4

OpenXR Runtime B

v

KHR_Extension 1

EXT_Extension_ 7

OpenXR Runtime C

Application

Started

xrEnumerateApilLayerProperties
xrEnumerateExtensionProperties

Decide APl and
Extensions usages

1
xrCreatelnstance
xrGetInstanceProperties

Instance

Created

© The Khronos® Group Inc. 2018 - Page 22




The System

XrSystem:

* OpenXR groups physical devices into logical systems of related devices

* XrSystem represents a grouping of devices that the application chooses
to use (e.g. HMD and controllers)

* XrSystems may have display, input, tracking, etc.

* XxrGetSystem also returns the type of form factor to be used

5 Application

70 3y :
OZ xrCreateInstance » Loader »  OpenXR Runtime B
Z: (XPGetsystem:D > KHR_Extension_1

Tl O Sl

System
Unavailable

|
xrGetSystem
|

Y

System
Available

|

xrCreateSession
Session
Created

'1

xrPollEvent

© The Khronos® Group Inc. 2018 - Page 23




Form Factors

« Currently two XrFormFactors in the specification:
- XR_FORM_FACTOR_HANDHELD DISPLAY
- XR_FORM_FACTOR_HEAD MOUNTED DISPLAY

Camera Passthrough AR Stereoscopic VR / AR Projection CAVE-like

-_

jﬁi

Photo Credit: Dave Pape

One View Two View (one per eye) Twelve Views (six per eye)

XR_FORM_FACTOR_HANDHELD_DISPLAY XR_FORM_FACTOR_HEAD_MOUNTED_DISPLAY (future support)

© I he Khronos® Group Inc. 2018 - Page 44



View Configurations

« Currently two XrViewConfigurations in the specification:
- XR_VIEW CONFIGURATION TYPE PRIMARY_MONO
- XR_VIEW_ CONFIGURATION TYPE_PRIMARY STEREO

Camera Passthrough AR Stereoscopic VR / AR Projection CAVE-like

|

-_

Photo Credit: Dave Pape

One View Two View (one per eye) Twelve Views (six per eye)
XR_FORM_FACTOR_HANDHELD_DISPLAY XR_FORM_FACTOR_HEAD_MOUNTED_DISPLAY (future support)
XR_VIEW_CONFIGURATION_TYPE_PRIMARY_MONO XR_VIEW_CONFIGURATION_TYPE_PRIMARY_STEREO (future support)

© I he Khronos® Group Inc. 2018 - Page 45



System
o o d Unavailable
View Configurations ,
xrGetSystem
Session: !
. . . . . System
« After getting the system, must determine what view configuration(s) are Available
supported !
* XxrEnumerateViewConfigurations() i
xrCreateSession
* xrGetViewConfigurationProperties() Y
Session
Created
 XrEnumerateViewConfigurationViews() f
* Returns the recommended and max widths and heights of the views y

xrEnumerateEnvironmentBlendModes ()

xrPollEvent

© The Khronos® Group Inc. 2018 - Page 26




The Session

Session:

« A session is how an application indicates it wants to render

and output VR / AR frames

* An app tells the runtime it wants to enter an interactive
state by beginning a session with xrBeginSession and

ending it with xrEndSession

« No session, no frames.

Application

XrCreatelnstance

XrGetSystem

( xrCreateSession

\ 4

Loader

\ 4

OpenXR Runtime B

v

KHR_Extension 1

System
Unavailable

xrGetSystem
Y
System
Available

|

xrCreateSession
Y

Session

Created

Y

xrPollEvent

© The Khronos® Group Inc. 2018 - Page 27
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Session Lifecycle

rendering

- runtime: begin session

xrCreatelnstance, xrCreateSession

\
‘kany*
J/

%runtime: losing session

N
(XR_SESSION_STATE_IDLE

\
(XR_SESSION_STATE_LOSS_PENDING

/

- runtime: user quit request

r
XR_SESSION_STATE_VISIBLE
\.

(
XR_SESSION_STATE_READY J
.

.

T runtime:
not visible

runtime: visible l xrBeginSession

e N
XR_SESSION_STATE_EXITING

—_——
-~

J

xrEndSession - xrDestroySession,

runtime: focused [runtime: not focused

e N
XR_SESSION_STATE_RUNNING
\

7
7/

/
L

/ - runtime: end session

N
(XR_SESSION_STATE_FOCUSED
/

xrWait/Begin/EndFrame loop B‘

(XR_SESSION_STATE_STOPPING )

xrDestroylnstance - xrDestroySession H

poll xrCreateSession

optional: erestroySession,T

Spec page 118
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System

EV ent S UnaleabIe
xrGetSystem
v
Events are messages sent from the runtime to the application. They’re il
put into a queue by the runtime, and read from that queue by the !

application using xrPollEvent

Event

XrEventDataEventsLost

XrEventDatalnstanceLossPending

XrEventDatalnteractionProfileChanged
XrEventDataReferenceSpaceChangePending

XrEventDataSessionStateChanged

Description xrCreateSession
Y

event queue has overflowed and some events Session

were lost Gested

application is about to lose the instance ‘

active input form factor for one or more top level
user paths has changed

runtime will begin operating with updated space

eroliEvent
bounds '

application has changed lifecycle state

© The Khronos® Group Inc. 2018 - Page 29



Back to the walkthrough
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Frame Timing

Let’s examine frame timing first in the simplest
case of a single-threaded render loop

xriWaitFrame:

Called before we begin simulation of the next
frame. This is responsible for throttling. Also
returns when frame will be displayed.

xrBeginFrame:

Signals that we’re ready to begin rendering pixels
to the active image in our swap chain

XrEndFrame:;

We’re finished rendering, and now are ready to
hand off to the compositor for presentation. Takes
the predicted display time, and layers to present

()

xriaitFrame
xrBeginFrame

&

xrAcquireSwapchainImage
xrWaitSwapchainImage
xrlLocateSpace
xrLocateViews

v

Execute Graphics Work

xrReleaseSwapchainImage

I xrEndFrame I

O

© The Khronos® Group Inc. 2018 - Page 31




Frame Timing Simple Multithreaded Example

Simulation Thread \ [ \ [ \

Render Thread e ¢ [ @ ¢ CQ—
I

(DX11, OpenGL)

Frame 100 Frame 101 Frame 102 Frame 103
I |

GPU [ ]
* * * *
xrWaitFrame Frame 100: Late, so we hold Frame 101 until xrBeginFrame
xrBeginFrame can kick off right after the Compositor Frame Hook

xrEndFrame Frame 101: Ideally scheduled. xrBeginFrame happens right

Compositor Frame Hook after Compositor Hook for the previous frame, and GPU work
finishes in time for the next Compositor Hook

© The Khronos® Group Inc. 2018 - Page 32



Frame Timing Deeply Pipelined Multithreaded Example

(Unreal Engine 4 with Vulkan, DX12, Metal)

®

NOS

KHRCOS

Frame 100 Frame 101 Frame 102 Frame 103
Simulation Thread \ \ ]
Render Thread :](} <> ] <> {> ] <> ¢
Render Workers o o wla a . ! e B
o o ., 0 O]+, 8 B
RHI Thread & 2 3 LR
(D R (I R | C
Render Workers % % % % %] ;
S O O | 3 (I
GPU
[ J J |
4 L 2 2 2
xrWaitFrame &  xrEndFrame

¢

xrBeginFrame €

Compositor Frame Hook

I'Render Thread Fence
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Swap Chains and Rendering

xrCreateSwapchain

xrGetSwapchainImages

xrAcquireSwapchainImage
= xrWaitSwapchainImage
o
) o
| [
— o
[
= Execute Graphics Work
& .
o
o
xrReleaseSwapchainImage
xrDestroySwapchain

XrSwapchains:

XrSwapchains are limited by the
capabilities of the XrSystem that
they are being created for, and can
be customized on creation based on
application needs

» Usage Flags
 Format

« Width

* Height

» Swap chain length

© The Khronos® Group Inc. 2018 - Page 34



Compositor Layers

The Compositor is responsible for taking all the
Layers, reprojecting and distorting them, and
sending them to the display

 Layers are aggregated by the Compositor in
xrEndFrame for display

« You can use multiple layers, up to the limit of
the runtime

© The Khronos® Group Inc. 2018 - Page 35



Compositor Layers

XR_TYPE_COMPOSITION_LAYER_PROJECTION: XR_TYPE_COMPOSITION_LAYER_QUAD:

Most common type of Layer. This is the Quad layers are common for Ul elements, or
classic “eye” layer, with each eye videos or images represented in the virtual
represented by a standard perspective world on a quad in virtual world space

projection matrix

© The Khronos® Group Inc. 2018 - Page 36



Spaces

XrSpace

XrSpace is one of the fundamental concepts used
throughout the API to map virtual objects to real-world
locations

» XrSpaces define meaningful spaces within the
environment, which can be related to one another, and
used as a basis for functions that return spatial values

« The Runtime can hold any representation it wants
internally, and can adjust them as new data is acquired

« When an app uses coordinates with OpenXR, it passes
(or gets returned) the XrSpace the coordinates are in

a
ty

+X

+Z

Ak+y

/user/hand/right/input/pointer

» +X

© The Khronos® Group Inc. 2018 - Page 37
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Reference & Action Spaces

» Reference Spaces

- 3 reference spaces predefined by the API: VIEW,

LOCAL, and STAGE

- VIEW: Head-locked space, for view rays, reticle
rendering, etc.

- LOCAL: world-locked origin, gravity-aligned, +Y up,
+X right, -Z forward (useful for seated experiences)

- STAGE: runtime-defined rectangular space, origin at
the floor in center of rectangle (“the playspace”)

 Action Spaces
- Spaces created to track actions
- for example tracking throwing motions

a
ty

+X

+Z

Ak+y

/user/hand/right/input/pointer

- > +X
Runtime Space (Hidden)
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Input and Haptics
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Input and Haptics

fe??o m (7
- .

O:
(Z;
; When user clicks button “a” it results in the user teleporting

2
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Input and Haptics

Input in OpenXR goes through a layer of
abstraction built around Input Actions
(XrActions). These allow application
developers to define input based on resulting
action (e.g. “Grab”, “Jump,” “Teleport”)
rather than explicitly binding controls

While the application can suggest recommended
bindings, it is ultimately up to the runtime to
bind input sources to actions as it sees fit
(application’s recommendation, user settings in
the runtime’s Ul, etc)

/user/hand/left/input/a/click

(/interaction_profile/ControllerCorp/fancy_controller

/input/a/click)

OpenXR Runtime

.../input/trigger/click

Explode

.../input/a/click

Teleport

XrAction: “Teleport”

I
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Input and Haptics - Simple Example

« Example Walkthrough:

- Application has sets of inputs valid for different parts of the game,
for example:

- Game Actions:
- Explode
5 e - Teleport

- Menu Actions:
O - Select
o - Exit
T
N
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Input and Haptics - Create Action Sets

Action Sets - collections of actions the application can quickly switch between during

its lifetime

xrCreateActionSet()

Game Action Set

Menu Action Set

© The Khronos® Group Inc. 2018 - Page 43



Input and Haptics - Create Actions

Actions are created and associated with an action set

xrCreateAction()

Game Action Set

Menu Action Set

Explode Action

Select Action

Teleport Action

Exit Action

In this example:
xrCreateAction( <Explode Action>
xrCreateAction(<Teleport Action>
xrCreateAction( <Select Action>
xrCreateAction( <Exit Action>

<Game Action Set>)
<Game Action Set>)
<Menu Action Set>)

<Menu ACtio% TI'HS.%I)I?OQ Group Inc. 2018 - Page 44



Input and Haptics - Bind Actions to Inputs

 Application suggests a set of bindings between actions and inputs

e XrActionSuggestedBinding structure

Action Binding
Explode Action <= ?
Teleport Action <= ?

« How does the application know what bindings to use?

© The Khronos® Group Inc. 2018 - Page 45



Enter Interaction Profiles...
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Input and Haptics - Interaction Profiles

« Collections of input and output sources on physical devices
e Runtimes can support multiple interaction profiles

ControllerCorp’s Fancy_Controller:
- /user/hand/left
- /user/hand/right

- /input/a/click
- /input/b/click
- /input/c/click
- /input/d/click
- /input/trigger/click
- /input/trigger/touch
- /input/trigger/value
- /output/haptic

example

© The Khronos® Group Inc. 2018 - Page 47



NOS

KHRCOS

Input and Haptics - Predefined Interaction Profiles

e Interaction profiles for many current
products are predefined in the OpenXR
specification including:

- Google Daydream® controller

- HTC Vive and Vive Pro* controllers

- Microsoft* Mixed reality motion controllers
- Microsoft* Xbox controller

- Oculus Go* controller

- Oculus Touch* controllers

- Valve Knuckles* controllers
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Input and Haptics - Bind Actions to Inputs

 Application suggests a set of bindings between actions and inputs

e XrActionSuggestedBinding structure

Action Binding
Explode Action <= ?
Teleport Action <= ?

« How does the application know what bindings to use?
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Input and Haptics - Bind Actions to Inputs

 Application suggests a set of bindings between actions and inputs

e XrActionSuggestedBinding structure

Action

Binding

Explode Action <=

?

Teleport Action <=

?

« How does the application know what bindings to use?

- The application is built around a particular interaction profile
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Input and Haptics - Bind Actions to Inputs

 Application suggests a set of bindings between actions and inputs

e XrActionSuggestedBinding structure

Action Binding

Explode Action <= Trigger Click

Teleport Action <= Button A Click

« How does the application know what bindings to use?
- The application chooses an interaction profile
- In our example the application chooses the interaction profile of the

fancy_controller
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Input and Haptics - Suggested Bindings

 Application submits its suggested bindings along with the interaction profile it is

using to the runtime

e xrSetInteractionProfileSuggestedBinding()

Action Binding

Explode Action<= Trigger Click
Teleport Action<=Button A Click

Suggested Bindings

ControllerCorp
Fancy_Controller

Interaction Profile
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Input and Haptics - Runtime Binding Decision

e Runtime ultimately decides the bindings
- “dev teams are ephermal, games last forever”
- More likely the runtime is updated than individual games

« Reasons for selecting different bindings:
- 1. this runtime does not have ControllerCorp’s fancy_controller currently

attached, but it knows how to map the inputs and outputs to the controllers
that *are* attached

- 2. Some runtimes can support user mapping of inputs such that the controls per
game can be customized by the user, such as swapping trigger and button ‘a’,
this enables customization without the original application knowing about it

- 3. Some future controller is developed but the application is not updated for it,
a new interaction profile can help map the actions to the new inputs

- 4. Accessibility devices can be used and input mapped appropriately

© The Khronos® Group Inc. 2018 - Page 53



o

U

NOS

KHRCOS

Input and Haptics ==

/input/a/click)

/user/hand/left/input/a/click

(/interaction_profile/ControllerCorp/fancy _controller

f OpenXR Runtime
.../input/trigger/click Explode
.../input/a/click Teleport
-

XrAction: “Teleport”

U
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Input and Haptics - Input Action Types

XR_INPUT_ACTION_TYPE_BOOLEAN

If path is a scalar value, a threshold must be applied. If not a value, needs to be bound to
../click

XR_INPUT_ACTION_TYPE_VECTOR1F

If path is a scalar value, then input is directly bound. If the bound value is boolean, the runtime
must supply a 0.0 or 1.0 as the conversion

XR_INPUT_ACTION_TYPE_VECTOR2F

Path must refer to parent with child values ../x and../y
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Input and Haptics

Haptics build upon the same XrAction system, and have their own Action Type:
XR_HAPTIC VIBRATION. Just like other XrActions, they can be used with
XrActionSets, but unlike inputs, they are activated with xrApplyHapticFeedback

Currently, only XrHapticVibration is supported:
e Start Time

 Duration (s)

e Frequency (Hz)

« Amplitude (0.0 - 1.0)

xrStopHapticFeedback can also be called to immediately end haptic feedback

We expect that many more haptic types will be added through extensions as the
technology develops
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That’s it for Core API coverage today
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Extensions

Core Standard

KHR Extensions

EXT Extensions

Vendor Extensions

Core concepts that are fundamental to the
specification for all use cases

Examples: Instance management, tracking, frame timing

Functionality that a large class of runtimes will
likely implement

Examples: Platform support , Graphic APl Extensions, Device
Plugin, Headless, Tracking Bounds

Functionality that a few runtimes might
implement

Examples: Performance Settings, Thermals, Debug Utils

Functionality that is limited to a specific vendor
Examples: Device specific functionality
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Current Provisional Extensions

 Platform-specific support:
- KHR_android_create_instance
- KHR_android_surface_swapchain
- KHR_android_thread_settings

« Graphics API support:
- KHR_D3D10 _enable
KHR_D3D11_enable

n: - KHR_D3D12_enable
Oe - KHR_opengl_enable
=Z° - KHR_opengl_es_enable

KHR_vulkan_enable
KHR_vulkan_swapchain_format_list

KHRCOS

 Support for specific XR layer types:
- KHR_composition_layer_cube
- KHR_composition_layer_depth
- KHR_composition_layer_equirect

« Performance improvement by masking non-
visible portions of the display:
- KHR_visibility_mask

« Non-display uses of OpenXR (for tracking or
input-only use cases):
- KHR_headless

« Time Conversion functions:
- KHR_convert_timespec_time

- KHR_win32_convert_performance_counter_time
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What hasn’t made it in?
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What hasn’t made it in?

1
- Top priority: solve application Qulnity w WeLXR [""""1'5““']
fragmentation UNEEAL ENGINE

m’\Rm APPLICATION INTERFACE
Q

oculus

.\
& \Vindows

9
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Device Plugin Extension

Runtime

v AdA

xrCreatelInstance()

v

xrDevicePluginConnectKHR()

v

xrDevicePluginAddDeviceKHR()

/ v

/ MyDevice1 (HMD) \ xrDevicePluginPollEventKHR()
/devices/MyVendor/MyDevice
Display — Display Timing Info —
Trackability — Update Pose
Audio Out

\_

/

!

xrDevicePluginSetDeviceStatusKHR()
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There are a list of things to consider
for after 1.0 or for extensions

« Many of the items on the list are obvious next steps in the progress of AR and VR
development

« Won’t list them here ©

« But feel free to send us you list of requests in via the feedback channels we’ll
provide in a sec
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OpenXR Provisional 0.90 Release is Here!

UPLOAD NEWS  REVIEWS  GAMING

phoronix
L o @ g Khronos’ OpenXR 0.90 Provisional Spec For VR & AR Devices ARTICLES&REVIEWS ~ NEWSARCHVE ~FORUMS  PREMIUM O CATEGORIES
T . Launched At GDC 2019
GDC 2019: OpenXR Spe01flcat10n OpenXR 0.90 Released For AR/VR Standard - Monado Is An

OpenXR aims to solve the issue of XR fragmentation

And API Released Publicly For © v o W e e o 13190 BT o
AR And VR Newicac i ‘ ) )
Khronos Group releases (= .
OpenXR spec for AR and VFIEL

Game Developer Conference (GDC) 2019 the group has publicly launc
hardware stjj e ‘

Last year we were expecting The Khrenos Group to introduce OpenXR 1.0 for this
“| standard to address fragmentation and provide interoperability in the VR space
il followed by AR. That debut last year didn't happen although they did show off the first
demonstration at SIGGRAPH. This week though at GDC they are announcing the
0OpenXR 0.90 provisional specification release

The OpenXR 0.90 provisional specification is now available today. Yes, v0.90 and not 1.0... This
caught me by surprise 100 when being briefed last week This provisional specification ended up

hey are hoping for
nory Mobile Monitors Motherboards Networking PCs Peripherals | » [RUCEXEIRRGN

S A T XR
] AD ||
DEAN TAKAHASHI @DEANTA 1A Eﬂ Q 'I_‘: L OociXR_ F
i Bl TOVR ‘ E
- HARDWARE v  GAMES v  TOPPICKS v  GUESTARTICLES v  DAILYROUNDUP v  MORE v ‘A:p AV:P AA:F 3 M Interface.
Companies Pul il g I
L]
@  webxr [z | o
‘_ \ l [ =
AMDa Application Inter'lace | [n’:
| i k-
&‘" w ©oclus  GaarvR B | o
HUAWE! ‘ ‘ I

Device Plugin Interface*

w 1 the OpenGL and Vulkan graphics application

Dovi(?

‘. VR VR
i 2 t’f’" | nounced the public release of OpenXR 0.90, its
®Pico pluto pecmcandn'rbfnrgn-péﬁérTnance augmented and virtual reality (AR and VR, combined as
tobii & unity [VA| — ;
< OpenXR Standard Ratified, Microsoft, Oculus, & Others to _ _— . . ‘ R
) % own as the Khronos VR initiative, OpenXR was officially unveiled back in March 2017 with
REIGase F|rst |mp|ementatI0nS embers including AMD, Intel, Arm, and Nvidia alongside game engine makers Epic Games

By g MO Lmage courtesy Khranos Group. he freshly-founded working group aimed at solving the fragmentation problem in the virtual
and augmented reality field, not simply by adding yet another competing standard to the pile but by

romising to pyovide an open application interface which would allow any game engine to talk to any VR
https://www.roadtovr.com/openxr-0-9-provisional-release-microsoft-oculus-collabora-impleme REQALIODS/and vice-versa.

https://uploadvr.com/openxr-provisional-release/ , ) ) ,

) _ 5 . Today's release of the OpenXR 0.90 provisional specification, announced during the Game Developer
https://www.phoronix.com/scan.php?page=news_item&px=Khronos-OpenXR-0.90 1 line with recent changes to data protection legislation in the UK and Europe we would like to direct you to our updated
https://venturebeat.com/2019/03/18/khronos-group-releases-early-openxr-spec-for-ar-and-vr-hardware-standards/ g (R g e
https://www.vrfocus.com/2019/03/khronos-openxr-0-90-provisional-spec-for-vr-ar-devices-launched-at-gdc-2019/
https://bit-tech.net/news/tech/software/khronos-group-launches-openxr-090/1/
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What Resources Are Available?
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What Resources Are Available?

 Fair warning:
- This is a provisional release

- This is our working group’s first ever public release

- Much of the effort and time leading to the provisional release was completing
the release, the supporting software and infrastructure is lagging

D~ - Some things may be missing or incomplete
cz)fé - Some things may land later than Day 1

O  Please be patient as we work through any launch issues, but do point out

:I: things that appear wrong or missing

2

© The Khronos® Group Inc. 2018 - Page 66



What Resources Are Available?

200+ page specification
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What Resources Are Available?

Version 0.90.

NOS

KHR

Copyright (c) 2017-2019 The Khronos Group Inc.

200+ page specification

xrCreatelnstance(3) Manual Page
NAME

xrCreatelnstance - Creates an OpenXR Instance

C Specification
The xrCreatelnstance function is defined as

XrResult xrCreateInstance(

const XrInstanceCreateIn

XrInstance®

Parameters

Parameter Descriptions

« createInfo points to an instance of XrinstanceCreateinfo controlling creation of the instance.

« instance points to an Xrinstance handle in which the resulfing instance is returned

Description

xCreatelnstance creates the Xrinstance, then enables and initializes global AP| layers and extensions requested by the application. If
an extension is provided by an API layer, both the API layer and extension must be specified at xrCreateinstance time. If a specified
AP! layer cannot be found, no Xrinstance will be created and the function will return XR_ERROR_API_LAYER_MOT_PRESENT. Likewise, if
a specified extension cannot be found the call will return Xk_ERROR_EXTENSION_NCT_PRESENT and no Xrinstance will be created
Addtionally, some runtimes may limit the number of concurrent instances that may be in use. If the application attempts to create more

instances than a runtime can simuitaneously suppor, xrCreateinstance will return XR_ERROR_LIMIT_REACHED.

If the Xrinstan: eateln truct contains a platform-specific extension for a platform other than the target platform
XR_ERROR_INITIALIZATION_FAILED will be retumed. The same is true if a mandatory platform-specific extension is defined for the
target platform but no matching extension struct is provided in XrinstanceCreatelnfo

Valid Usage (Implicit)
« cresteInfo mustbe a pointer io a valid XrInstanceCreateInfo structure

» instance must be a pointer fo an XrInstance handle

Reference Pages
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The OpenXR Specification
[PROVISIONAL RELEASE]

Copyright (c) 2017-2019 The Khronos Group Inc.

Version 0.90.C

200+ page specification

What Resources Are Available?

xrCreatelnstance(3) Manual Page
NAME

xrCreatelnstance - Creates an OpenXR Instance

C Specification
The xrCreatelnstance function is defined as

XrResult xrCreateInstance(
const XrInstanceCreateInfo* cresteInfo,
XrInstance® instance);

Parameters

Parameter Descriptions

« createInfao Doints to an instance of XrinstanceCreateinfo controlling creation of the instance.

« instance points to an Xrinstance handle in which the resulfing instance is returned

Description

xCreatelnstance creates the Xrinstance, then enables and initializes global AP| layers and extensions requested by the application. If
an extension is provided by an AP layer, bioth the API layer and extension must be specified at xrCreateinstance time. If a specified
AP layer cannot be found, no Xrinstance will be created and the function will return XR_ERROR_API_LAYER_NOT_PRESENT. Likewise, if
a specified extension cannot be found the call will retumn XR_ERROR_EXTENSTON_NOT_PRESENT and no Xrinstance will be created
Addtionally, some runtimes may limit the number of concurrent instances that may be in use. If the application attempts to create more
instances than a runtime can simultaneously support, xrCreateinstance will return XR_ERROR_LIMIT_REACHED.

If the XrinstanceCreatelnfo struct contains a platform-specific extension for a platform other than the target platform,
XR_ERROR_INITIALIZATION_FAILED will be retumed. The same is true if a mandatory platform-specific extension is defined for the
target platform but no matching extension struct is provided in XrinstanceCreatelnfo

Valid Usage (Implicit)
» createInfo must be a pointer fo a valid XrInstanceCreateInfo structure

» instance must be a pointer fo an XrInstance handle

Reference Pages

OpenR™ i » cros
@perXR. =i KHRONOS
" g
Maore nformation an specsications at kbronos og/openr
OpenXR AP Overview \ Systems
. A collection of related devices
EnumerateApiLayerProperties in the rurtime warking
together 10 enabie XK
prevesses experences
GetinstanceProcAddr Systems. May include VR/AR displays,
U\‘ Getsysten form factors, and
Mstances Createlrstance e shiects
Appication's Destropestance
ket St GetinstanceProperties ——— — View Configurations
R View C Configuration for rendering,
The Createinstance e i STERED.
function calls the loader to GetViewConfigurationProperties e n queries.
determine which nstaled T e - The spplcaton a
e et = - [ coreurators, then seiects
connect o Sessions Locateviews the configusation to use
CreateSession EndSession —_—
Bianks BegnSesion  Destroysession Input and Haptics ‘Swapchains
Events are messages sent Createnction runtme slows
from the runtime nto a Swapchains Destroyiction applications to create multiple
teActionSet swapchains, into whid
application w read one Createswapchan Destroyctionset 30 images are orgarized to
atatme present to the user
‘Sﬂ“m s Input and Haptics
i sctve elerschor i fine action
betweea the agpicatin Agpiicatons efine actons,
and the runtime 10 input devices Action
Anappication indicates Spaces AopyHapticFeedback sets are applkation defined
A wants 10 eeder by StopHapicreedback collecpons of a
beginning asession a
as S o0 Render Loop
s Guﬂ beSpace pscascundoact WaFame session is created and the
Frame of reference. how e Begnframe apolication’s XA rendering.
Torackreo 300 vt Destryspace Endame ) sy
moton
OpenkR defines 3 Helper Functions Helper Functions
reference spaces, VIEW, ResultToString StructureTypeToString StringToPath PathTostring Functions to help with
LOCAL and STAGE conversions of siings.
Input and Haptics Set up interaction profile bindings
Create action and action spaces. 1 eteraction_profies/oculus/touch_controller O
on “teleport’
stercton > Juses/hand|righfiput/ajcick
name » “eleport’ Action “teleport ray"
ype =XR_INPUT_ACTION TYPE_BOOLEAN > user/haneright/imput/pointer/pose
name = “eleport_ay Jatersction proties/Mcve._cortroller
type = XR_INPUT_ACTION_TYPE_POSE el Wligo
> Jusee/haretfright/nput rackgadcick
wCreateActionSpace Action “teleport._ray” e
action = “teleport_ray’ > JuserfVandcght/nputfponterpose [l Get action states
Open separatesthe sppicationactons Interacionprffes denty  collecton of uttons | ¥CeActarSatetolen (eepot. 2/
such as Move, Jump, and Teleport from and other input sources in a physical arrangement ¥ {state.curernSiste) / buaton s pressed
to allow applications and runtimes to coordinate
Button. This simpéfies support for different action to input mapping. Interaction profiles s R A
or future input devices and maximizes user for well known XR systems are included in the RAR_rvlerence_speo
accessibilty. specification.

Overview Guide
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What Resources Are Available?
o https://github.com/KhronosGroup/OpenXR-Docs

- Contains the source for
generating the
specification document
and reference pages,
scripts to be added soon

- Contains the openxr
header files

OpenXR® APl Documentation Project

[NOTE: This is the initial set up for the provisional release of the specification. Not all the files are populated yet, and expect
significant changes as the spec moves towards 1.0.]

This repository contains sources for the formal documentation of the OpenXR API. This includes:

¢ the OpenXR API Specification

¢ OpenXR header files

¢ related tools and scripts.

The authoritative public repository is located at https://github.com/KhronosGroup/CpenXR-Docs/. It hosts public Issue tracker,
and accepts patches (Pull Requests) from the general public.

Directory Structure

The directory structure is

README . adoc
COPYING.md
CODE_OF_CONDUCT . md
spacification/
include/openxr/

as follows:

This file

Copyright and licensing information

Code of Conduct

Specification - files to generate the spec
OpenXR headers, generated from the Registry
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®

What Resources Are Available?
e https://github.com/KhronosGroup/OpenXR-Registry

- Contains the specification, reference pages, and overview guide

>OpenXR-Registry

The OpenXR-Registry repository contains the OpenXR APl and Extension Registry, including generated specifications and
reference pages, and reference cards. The sources for these documents are mostly found in the separate
https://github.com/KhronosGroup/OpenXR-Docs repository; this repository is used as a backing store for the web view of the
registry at https://www.khronos.arg/registry/openxr/ . Commits to the master branch of OpenXR-Registry will be reflected in
the web view.

Interesting files in this repository include:

¢ index.php - toplevel index page for the web view. This relies on PHP include files found elsewhere on www.khronos.org
and so is not very useful in isolation.

e specs/0.90/ - OpenXR 0.90 Provisional API specifications and reference pages and API reference card.

© The Khronos® Group Inc. 2018 - Page 71


https://github.com/KhronosGroup/OpenXR-Registry

What Resources Are Available?
e https://github.com/KhronosGroup/OpenXR-SDK

« Contains the source for:
- Loader
- Some basic API layers
- Test sample

e For the current best
example code, see:
> src/tests/hello_xr

®

OpenXR ® Software Development Kit (SDK) Project

[NOTE: This repository contains components that may eventually be assembled into an SDK, but are currently not being

packaged into a distributable SDK.]

This repository contains source code and build scripts for implementations of the OpenXR loader, validation layers, and code

samples.

The authoritative public repository is located at https://github.com/KhronosGroup/CpenXR-SDK/. It hosts public Issue tracker,

and accepts patches (Pull Requests) from the general public.

Directory Structure

BUILDING.md Instructions for building the projects
README .md This file

COPYING.md Copyright and licensing information
CODE_OF_CONDUCT . md Code of Conduct

external/ External code for projects in the repo
include/ OpenXR platform include file
specification/ xr.xml file

src/ Source code for various projects
src/api_layer Sample code for developing API layers
src/loader OpenXR loader code

src/tests/ various test code (if looking for sample code start with hello_xr/)

Currently the best sample code is in src/tests/hello_xr/. More will be added in the future.

This structure is for the provisional specification. Things are incomplete at launch but will be added to going forward.
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Additional Resources

- OpenXR Landing Page - Specification, Reference Pages, Sample Code, Overview
- https://www.khronos.org/openxr

- OpenXR Forum and Slack Channel
- Forum: https://khr.io/openxrfeedback
- Discussion: https://khr.io/slack

- Detailed specification overview and SIGGRAPH session videos
- https://www.khronos.org/developers/library/2018-siggraph

- Vendor prototype runtime implementations

- Collabora: open source implementation
http://monado.dev

- Microsoft: OpenXR runtime for Windows Mixed Reality headsets
https://aka.ms/openxr

- Khronos GDC Sessions - including OpenXR Presentation and demos
- https://www.khronos.org/events/2019-gdc
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Engine and Platform Support

Vinay Narayan, vice president, platform strategy, HTC

“HTC VIVE is committed to creating a viable ecosystem for the XR industry which is why we are h T C
proud to support OpenXR. Bringing the community together to help define standards and best

practices, allows all of us to move forward, together.”

Tim Sweeney, founder and CEO of Epic Games

“Epic believes that open standards like OpenXR are essential foundations for a vibrant, multi-platform VR
and AR industry in the coming years. Epic plans to continue supporting OpenXR in Unreal Engine 4.”

Nate Mitchell, Oculus Co-founder and head of VR product, Facebook
“Facebook and Oculus continue to believe in the value the OpenXR standard
delivers to users and developers. We plan to provide runtime support for apps
built on OpenXR 1.0 on the Rift and Quest platforms later this year.”

- Alex Kipman, technical fellow, Microsoft

OO ] . “Microsoft believes that for mixed reality to thrive, it must be open for everyone: open stores, open
B MlCI‘OSOft browsers and open developer platforms. We're dedicated to supporting the launch of OpenXR this year

2 on Windows Mixed Reality and HoloLens 2. To help developers provide feedback, we're releasing today

O a developer preview of our OpenXR runtime with support for Windows Mixed Reality headsets.”

(8

-

2

Philippe Kalaf, CEO, Collabora

Collabora is excited to announce Monado, an open source implementation of the newly released ’O
OpenXR spec. More than just a vendor SDK, Monado is an open source project and codebase to
harness and focus wider community effort around XR technologies.
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What’s Next?

Call for Participation / Exploratory Group Formation
Fall F2F, October 2016: Korea

Statement of Work / Working Group Formation
Winter F2F, January 2017: Vancouver

Specification Work
Spring F2F, April 2017: Amsterdam

Interim F2F, July 2017: Washington

Defining the MVP
Fall F2F, September 2017: Chicago

Resolving Implementation Issues
Winterim F2F, November 2017: Washington
Winter F2F, January 2018: Taipei

First Public Information
GDC, March 2018

First Public Demonstrations
SIGGRAPH, August 2018

Release Provisional Specification!
GDC, March 2019

Conformance Tests |/ I—IF \| Finalize
eedback

and Adopters Program \J—|/ Implementations

U

Ratify and release Final Specification and
Enable Conformant Implementations to Ship

(Open\’\/\ R.

Unifying Reality

Drive towards 1.0 release!
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What’s Next?

« Continue Refining the Specification
- Very unlikely any new functionality between now and 1.0

e Incorporate Community Feedback
- Bug fixes, things missing, etc.

 Finalize Implementations
 Establish an Adopter’s Program

e Develop conformance tests!
- Major next hurdle
- Conformance tests are critical to the health of an API (particularly a new one)
- Potentially lots of corner cases requiring tests
- Make sure not just the common paths work well

- Make sure a particular vendor’s implementation does not become the de facto
standard
- How to test AR and VR systems end to end ?

) : : ?
Can you test successfully without robotic arms and cameras!? © The Khronos® Group Inc. 201 - Page 77



Thanks!

» To these companies for enabling their engineers to dedicate time to OpenXR!

AMDX latency AI'M AREA *O oisp@ﬁnk)@ NTC

COLLABORA

Google QD W Qo i@ @ LG logitech LUNA)S.
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Thanks to the Engineers!

Adam Gousetis, Google | Alex Turner, Microsoft | Andreas Loeve Selvik, Arm | Andres Rodriguez, Valve
Software | Armelle Laine, Qualcomm Technologies, Inc | Blake Taylor, Magic Leap | Brad Grantham,
Google | Brandon Jones, Google | Brent E. Insko, Intel | Brent Wilson, Microsoft | Bryce Hutchings,
Microsoft | Cass Everitt, Facebook | Charles Egenbacher, Epic Games | Christoph Haag, Collabora | Craig
Donner, Google | Dan Ginsburg, Valve Software | Dave Houlton, LunarG | Dave Shreiner, Unity
Technologies | Denny Ronngren, Tobii | Dmitriy Vasilev, Samsung | Doug Twileager, ZSpace | Ed
Hutchins, Facebook | Gloria Kennickell, Facebook | Gregory Greeby, AMD | Guodong Chen, Huawei |
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Recap

e What is OpenXR?

e A Brief History of the Standard

- What are the Problems we are trying to Solve
- OpenXR Timeline of Development

» Technical Walkthrough

 Provisional Release

- What’s Next?
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OpenXR Win-Win-Win XR End-Users

Can run the apps they want on their system
- reducing market confusion and increasing
consumer confidence

XR Vendors

Can bring more
applications onto their

platform by leveraging
the OpenXR content \, o
. ecosystem
T pe NAR.
O: Y ”

O XR ISV
o2
T
N

Can easily ship on more
platforms for increased
market reach
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Before we go... the Call for Action...
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Before we go... the Call for Action... Feedback!

e Tell us:
- What’s wrong with the spec

- What should be in the spec
- What shouldn’t be in the spec

- How this won’t work for your
application/runtime/hardware/0S/...

- How purple is a great color choice!
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Before we go... the Call for Action... Feedback!

e Tell us:
- What’s wrong with the spec

- What should be in the spec

- What shouldn’t be in the spec Better yet, send us examples!

- How this won’t work for your
application/runtime/hardware/0S/...

- How purple is a great color choice!
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Join Khronos!

« Get more involved

e Have direct impact on the direction of the API

- Be part of the effort to deliver OpenXR 1.0!
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Thank You!
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Questions...

Tweet #KhronosDevDay to win!
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