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Hi everyone – I am Neil Trevett and I work on developer ecosystems at 
NVIDA and I’m President of the Khronos Group. This presentation will give 
you the latest updates on Khronos open standards used for building Virtual 
and Augmented Reality – or XR experiences - and how they work together 
with the larger constellation of standards throughout the industry that will 
enable us to eventually build the dream of the metaverse.
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So let start by introducing Khronos if you haven’t come across the group 
before. We are an open standards organization, focused on creating 
interoperability standards to enable applications to access the power of 
silicon acceleration for domains such as 3D graphics, virtual and 
augmented reality, parallel computation and increasingly vision and 
inferencing acceleration.  We are a non-profit organization and all the 
standards we create are open and royalty-free for the industry to use. We 
have almost 160 members now – everyone from NVIDIA, Valve and Google 
down to small startup companies - spread across the world. We are open 
to any company who wishes to join to have a voice and vote in how any of 
the Khronos standards evolve.
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3D graphics, XR, parallel 
programming, vision acceleration 

and machine learning

Non-profit, member-driven
standards-defining industry 

consortium

Open to any 
interested company

All Khronos standards 
are royalty-free 

Well-defined IP Framework protects 
participant’s intellectual property

>150 Members ~ 40% US, 30% Europe, 30% Asia

Khronos Connects Software to Silicon
Open interoperability standards to enable software to effectively 

harness the power of multiprocessors and accelerator silicon  



Here are the most active standards currently being developed by Khronos 
today. There are four main groupings – 3D acceleration APIs including 
Vulkan, OpenGL and WebGL, 3D Asset Formats including glTF, the OpenXR 
API standard for portable augmented and virtual reality and lastly APIs and 
languages for parallel computation. I am going to focus today on the 
highlighted standards that are most relevant to this VR and AR audience –
starting with Vulkan…
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Khronos Active Initiatives

3D Graphics
Desktop, Mobile, Web

Embedded and Safety Critical

3D Assets 
Authoring

and Delivery

Portable XR
Augmented and 
Virtual Reality

Parallel Computation
Vision, Inferencing, Machine 

Learning

Guidelines for creating APIs to streamline system safety certification



Vulkan is a new generation 3D API that provides low-level, explicit control 
over GPU hardware for the highest performance and lowest latency. 
Vulkan is unique in being the only new generation GPU API that is an open 
standard – and so is not restricted to ship only one vendor’s platforms. 
Vulkan is now being shipped by every GPU vendor, is being adopted by the 
leading gaming and application engines and is available on almost every 
platform including desktops, mobile, consoles, embedded systems as well 
as the cloud.

Although native Vulkan drivers are not possible on macOS and iOS – there 
are layering solutions that enable Vulkan applications to run on Apple 
platforms.

So – if you want to develop the highest performance, lowest latency XR 
applications – AND you want to deploy your application portably across 
almost any system - then Vulkan is the 3D API for you
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Pervasive Vulkan
Desktop and Mobile GPUs

http://vulkan.gpuinfo.org/
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Vulkan 1.2 recently launched in January 2020 and integrated a number of 
proven extensions including timeline semaphores to enable easier 
application multi-threading. The key roadmap discussions post-1.2 are on 
the right – and include Ray Tracing, Variable Rate Shading and hardware 
accelerated video encode / decode. For the XR community, Variable Rate 
Shading will be particularly valuable as it enables a concentration of 
rendering power where the user is looking in eye tracked XR systems - to 
increase performance and reduce power consumption. All this new 
functionality will ship first as extensions – and those that get a positive 
reception from the developer community are strong candidates for 
integration into the next-generation core specification.
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Vulkan Roadmap

Roadmap Discussions
Ray Tracing

Variable Rate Shading
Accelerated Video Encode/Decode

Machine Learning Primitives
Mesh Shaders

January 2020

Vulkan 1.1 Extensions
Maintenance updates plus additional functionality

Timeline semaphores
DX/HLSL compatibility

Bindless resources
Reduced precision arithmetic

Formal memory model
Buffer references

SPIR-V 1.5

Variable Rate Shading
Enables concentration of rendering 
power at the foveal point in eye-

tracked XR systems 



In fact the first item on the roadmap – Vulkan Ray Tracing - has already 
just shipped in March 2020 as a set of  extensions that seamlessly integrate 
ray tracing into the existing Vulkan framework. This significant milestone 
is the industry’s first open, cross-vendor, cross-platform standard for ray 
tracing acceleration - and can be widely deployed either using existing 
GPU compute or dedicated ray tracing cores.

Many developers when first encountering ray tracing regard it as a 
monolithic all-or-nothing technique – but in fact ray tracing is a very 
flexible technology that can be used to incrementally add visual realism to 
traditionally rendered scenes. Ray tracing at its essence is calculating how 
light rays intersect with objects, materials and light sources. And you can 
use that basic idea to fire rays to implement a variety of visual techniques 
– a selection of which are shown here.
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Ray Tracing is a Flexible Technique

Global Illumination

ReflectionsAmbient Occlusion

Shadows

Programmers need programmable flexibility to trace rays through 
scenes for a wide variety of visual effects – some examples…



Vulkan Ray Tracing provides the choice of two methods of firing rays into a 
scene, to calculate ray intersections and undertake flexible, 
programmable calculations at those intersections.

The first method uses a completely new Ray Tracing Pipeline which 
enables the application to fire a grid of rays into the scene – and select a 
shader to run at each intersection. A lot of the housekeeping around ray 
management is handled automatically by the machinery defined by the 
Ray Tracing Pipeline.

The second method, Ray Queries, enables programmers to take more 
manual control over how they cast rays, by enabling any standard vertex 
or fragment shader to fire single rays into the scene and handle any 
returned intersection data however they wish.
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Vulkan Ray Tracing

Two ways to launch rays into scene to 
generate high realistic visuals

Ray Tracing Pipelines
A new type of graphics pipeline

Implicit management of ray intersections 
Application compiles a set of shaders into the pipeline to 

provide desired ray and material processing

Ray Queries 
Any type of shader can launch a ray at any time

Shader can process intersection data however it wishes
Shader controls how traversal proceeds

Using a BVH data structure to 
enable efficient ray tracing 

through a 3D scene

Ray 
Generation

Acceleration 
Structure 
Traversal

Hit?

Miss Closest Hit

Intersection

Any Hit

YesNo

1. Launch 2D/3D grid of rays 
into scene contained in an 
Acceleration Structure

2. ‘Intersection’ Shader 
computes ray intersections 
Ray-triangle intersections are 
built-in

3. Invoke ‘Any Hit’ Shader if 
intersection is found. Multiple 
intersections possible - arbitrary 
order

4. Invoke ‘Closest Hit’ shader on the 
closest intersection of the ray OR
Invoke ‘Miss’ Shader if no hit is found
Can trace more rays

Ray Tracing Pipeline



Next I want to talk about OpenXR, which is Khronos’ open standard for 
cross-vendor, portable augmented and virtual reality. OpenXR defines a 
common API that all XR hardware runtimes can expose to application and 
engine developers. This enables engines and applications to be written 
once – and run on any XR hardware that supports the OpenXR API. As well 
as providing portability, OpenXR has enabled the industry to come 
together to learn from first generation APIs and to collaborate to create a 
new generation XR API with cutting-edge capabilities. OpenXR enjoys the 
support of a who’s who of the leading AR and VR companies throughout the 
industry. 
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OpenXR – Cross-Platform Portable AR/VR

* OpenXR 1.0 is focused on enabling cross-platform applications. Optional device plugin interface will be supported post V1.0

UI Devices

GPUs

Mobile VR

Games Engines

AR

Desktop/Console VR

Working Group Participants

OpenXR is a collaborative design 
Integrating many lessons from proprietary ‘first-generation’ XR API designs



OpenXR is early is its rollout – but an increasing number of 
implementations are beginning to appear. The version 1. 0 specification 
was publicly released at SIGGRAPH 2019 and was supported from day one 
on Microsoft HoloLens 2 and the Monado open source XR engine from 
COLLABORA that runs on any OpenHMD-compatible hardware. Since then, 
OpenXR has shipped on Microsoft’s Mixed Reality headsets and the Oculus 
Rift and Quest HMDs and is available as a plug-in to the Unreal engine from 
Epic – PLUS many more implementations are in development. In parallel, 
the OpenXR Working Group is finalizing the APIs conformance test suite 
that will ensure consistent portability across multiple OpenXR 
implementations as they roll out across the industry.
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OpenXR 1.0 Availability

Ratify and Release 
OpenXR 1.0

SIGGRAPH, July 2019

Finalize Conformance Test Suite
Enable Officially Conformant Implementations

Significant Community Feedback 
Improved 

Input subsystem, 
game engine editor support, loader …

OpenXR for Windows Mixed Reality headsets 
and HoloLens 2

PLUS extensions to support HoloLens 2 hand tracking, eye 
tracking, spatial mapping and spatial anchors

OpenXR 1.0 plugin for Unreal Engine v4.2.4

OpenXR support for Oculus Rift and Oculus Quest
Oculus PC (for Rift) and Android SDK (for Quest) 
include OpenXR for native C/C++ development

‘Monado’ OpenXR open source implementation
Support OpenHMD hardware and Nova Northstar AR HMD

Many more 
coming!

Provisional 
Specification

GDC, March 2019



I think the reason that OpenXR is gaining such wide industry adoption is 
that it’s a win-win for all involved. Software developers, or ISVs, win 
because they can write an application once and ship on multiple hardware 
platforms without re-porting – both saving time and money AND reaching a 
much larger audience. XR hardware vendors win if they expose the 
OpenXR APIs on their platform as they have access to a much larger library 
of OpenXR-compatible applications. And most importantly - end-users win 
as they will know that the XR applications that they want to run will be 
compatible with the system they have purchased – growing confidence -
and the XR market for everyone
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OpenXR Win-Win-Win

XR Vendors
Can bring more 
applications onto their 
platform by leveraging 
the OpenXR content 
ecosystem

XR ISVs
Can easily ship on more 
platforms for increased 
market reach

XR End-Users
Can run the apps they want on their system 
– reducing market confusion and increasing 
consumer confidence 
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OpenXR contains everything an application needs to drive the XR devices 
in a system including device discovery, event processing, sensor tracking 
and pose calculation on the input side, and frame display timing and 
composition, plus haptics control on the output side. The only thing that 
OpenXR doesn’t have is 3D rendering – and so an OpenXR application will 
use a rendering API, such as Vulkan, to generate imagery. OpenXR can be 
used with any 3D API, but a new generation API such as Vulkan is 
particularly well suited to create applications with high rendering 
performance and the low latency that are so vital for a compelling XR 
experience.
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OpenXR is used with a 3D API

High-performance, low-latency 
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Multiview
Context priority

Front buffer rendering
Tiled rendering (beam racing) 

Variable rate rendering

* OpenXR can be used with other 3D APIs
such as Direct3D, OpenGL and OpenGL ES
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optical correction 
parameters

Application or Engine

Cross-platform access to XR 
HMDs and sensors

XR application lifecycle
Input device discovery and events

Sensor tracking and pose calculation
Frame timing and display composition

Haptics Control



So far, we have talked about Vulkan and OpenXR which are both native 
APIs. However, the metaverse of openly connected and searchable virtual 
spaces and assets is likely to evolve out of the World Wide Web – and so it 
is critical that the industry also bring XR capability to the browser. The 
good news is that Khronos and the W3C World Wide Web Consortium are 
cooperating to bring 3D and XR capability into the Web stack. 

All 3D in the browser today uses WebGL, a Khronos standard that defines a 
JavaScript binding over native 3D APIs and which is used by popular 3D 
web engines such as three.js and Babylon. Now we also have the OpenXR 
native API exposing XR hardware capabilities – and Khronos is working 
closely with the WebXR working group at W3C to bring that capability into 
the browser. So just as native XR apps can use Vulkan and OpenXR together 
- XR apps in the Web can use WebGL and WebXR together – with the web 
APIs reaching down into the Khronos native APIs for acceleration and 
hardware portability
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Bringing XR to the Web

Web XR Apps

WebXR

Native XR Apps

Native 3D 
Engines

Web 3D 
Engines

Khronos provides the 
foundation for native 
and Web-based 3D/XR
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between WebXR 

and OpenXR
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into the Metaverse

Lifting OpenXR 
functionality into 

the Web stack



As well as providing application portability between different HMD devices 
– OpenXR will also provide portability as AR is deployed on new platform 
architectures – such as Edge Servers. One architecture being developed 
uses 5G to connect a lightweight AR device to send it’s real-time sensor 
data to an Edge server - such as an NVIDIA EGX platform - that processes 
the sensor data, maybe using inferencing, and generates graphical 
augmentations - that can be much more sophisticated than could be 
generated on a battery powered device - and that are sent back to the 
device for display. The OpenXR API can hide these round trips over 5G from 
the application – enabling the same AR application to run natively on an AR 
device – or an AR device connected to an edge server.
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OpenXR and Edge Server Applications with 5G
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reconstruction and UI
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rendering, ray-tracing, optics pre-

distortion, varifocal processing
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Display composition

Needed assets 
loaded to 

edge server 



Every XR application needs to access and display 3D scenes and objects –
and so I would like now to talk about glTF – the Khronos 3D asset format 
that is focused on being ubiquitous, compact and easy to process – and so 
we like to call it the ‘JPEG of 3D’as it is the last mile JPEG-equivalent that 
lets you easily transport and deploy and use your 3D assets wherever you 
need.

glTF uses JSON to describe the 3D scene or asset hierarchy and uses binary 
payloads to describe data-heavy geometry, animations and skins. Textures 
are included typically as JPEG or PNG files. The latest version of glTF –
glTF 2.0 - has PBR – or Physically-based Rendered materials that use 
textures to map how metallic or rough materials are, or how specular and 
glossy. This results in very realistic looking objects that can still be 
rendered very efficiently – even on mobile devices.
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glTF 2.0 Scene Description Structure

.gltf (JSON)

Node hierarchy, PBR material textures, cameras

.bin
Geometry: vertices and indices

Animation: key-frames
Skins: inverse-bind matrices

.png
.jpg

.ktx2
Textures

Texture based 
PBR materials

Geometry

Mandatory Metallic-Roughness Materials

Optional Specular-Glossiness Materials



Support for glTF is now widespread throughout the industry as companies 
realize the efficiency and cost savings of having tools, apps and engines 
that can all communicate assets easily to each other. The companies 
shown here have all implemented glTF support – both in tools that 
generate glTF assets and engines and applications that ingest those glTF 
models. If your company supports glTF – and your logo isn’t here please let 
us know – we would love to add it!
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glTF is evolving to meet industry needs – and is very close to finalizing glTF 
Universal Textures that use Basis Universal royalty-free encoding and 
transcoding from Binomial - with a KTX2 wrapper to provide consistent cross-
vendor access to texture assets such as mip map levels. This enables smaller 
than JPEG textures that are directly transcodable to pretty much any GPU 
accelerated texture format on the fly – so textures never need be stored as fully 
decompressed images on the GPU.

Next up on the glTF roadmap is second generation physically-based rendering –
or PBR - that takes us beyond glTF’s current Metallic/Roughness Specular/Glossy 
model to include properties such as clearcoat and subsurface scattering. This 
will start shipping soon as a series of extensions starting with clear coat. A shout 
here out to both Dassault and the NVIDIA MDL teams that initially guided the 
group to a sweet spot between visual realism and widespread deployability – and 
now we have wide industry engagement from Adobe, Autodesk and many others 
to agree on a ubiquitous PBR format that will work for everyone. Please give us 
your input – a lot of discussion is on the glTF GitHub if you are not a Khronos 
member.

And now, due to glTF’s success - there are lots of incoming feature requests –
and we would love to get your input and requirements there too. The glTF 
working group now has the interesting task of finding the right balance between 
adding more functionality – but more importantly keeping glTF focused on its 
primary mission as a ubiquitous 3D delivery format. 
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glTF Roadmap
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As a final topic today, I would like to talk about the most recent initiative 
at Khronos that will positively impact the XR industry - the recently 
formed 3D Commerce Working Group. The basic technology to use AR in 
online retail has been around for many years – for example the IKEA AR 
furniture shopping app shipped back in 2013 - and such pilot projects 
showed that AR was indeed an effective technology for driving customer 
engagement and increased sales. So - why isn’t 3D Commerce more 
ubiquitous today?
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3D Commerce - The Opportunity

IKEA catalog uses augmented reality to give a virtual 
preview of furniture in a room – August 2013

Early Experience Shows
Increased customer engagement!

Strengthened brand loyalty!
Deeper product understanding!

More online sales!
Fewer returns!

So why is 3D Commerce 
taking so long to become 

widespread?

3D Commerce = E Commerce enhanced 
with the use of 3D Models on any 

platform – including VR and AR

=$$$!



Many in the 3D Commerce industry have come to realize that, in addition 
to having the right acceleration and portability APIs, the main barrier to 
rolling out 3D Commerce out at industrial scale is the process friction 
around 100s of companies trying to cooperate over the design, 
manufacture and presentation of millions of products across multiple 
platforms. If you talk to online retailers trying to use 3D models - there 
are so many horror stories of process incompatibilities - from the complex 
– down to seemingly trivial issues such as that no-one can agree what 
direction is UP for 3D models. Which does sound trivial until you think 
what that’s means for a retail web site trying to import 1000s of 3D 
models a day
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3D Commerce – Today’s Reality

Products don’t 
come with 3D data –

and I can’t 
physically scan them 

all fast enough!

The green couch looks 
blue on some devices –
lots of product returns 

are expensive!

CAD tools don’t let 
me easily generate 

the data I need for E 
Commerce! 

Many 3D products on 
my ecommerce web-

site first appear upside 
down! I have to hand-
tune 1000s of models!

I wish I had high quality, 
realistic 3D models for virtual 

promotional photoshoots!

Everyone defines their product 
data for sizes and colors 

differently – nothing is consistent!

I need the materials in 
my 3D models to look 
completely realistic! 

Many friction points: tooling, technical and commercial

3D Commerce can’t reach industrial scale so…
Interoperability Standards to the rescue!

Complex retail pipeline with hundreds of companies and millions of products



The desire to solve these 3D Commerce process issues prompted a number 
of retail companies such as IKEA, Amazon and Target to approach Khronos 
as a safe space to cooperate – and where there is already considerable 3D 
expertise - to create standards and guidelines to enable 3D Commerce at 
industrial scale. We now have a strong quorum of participants including a 
unique mix of retail, technology and platform companies working together 
to truly enable the widespread use of 3D in retail
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Khronos 3D Working Group
Announced SIGGRAPH 2019

Broad Industry Participation from tooling,
retail, technology and platform companies

Creating specifications and 
guidelines to align the 3D 

asset workflow from product 
design through manufacturing 

and each stage of retail to 
end-user delivery platforms

Any company is welcome to join!
https://www.khronos.org/3dcommerce

3dcommerce-feedback@khronos.org



The 3D Commerce Working Group is working to ship initial guidelines and 
standards this year solving the first round of urgent process issues around 
creating and configuring assets - and ensuring that they can be faithfully 
displayed with sufficient visual realism - regardless of the end user’s 
device. This work leverages glTF and is inspiring glTF’s evolution –
including glTF’s new generation PBR model to accurately display a wide of 
products - and glTF’s handing of advanced metadata. 

The streamlining of the creation and deployment of 3D assets at scale will 
not only enable 3D Commerce – but will have a positive impact on 
deploying all types of virtual and augmented reality applications and 
solutions.
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3D Commerce - Four Initial Areas of Focus

Viewer Validation and Certification
Test models, reference viewer, display analysis 
tools and capability specifications to guarantee 
a consistent and accurate end user experience

Product Configuration
Universal product configurability 

data and guidelines on how to drive 
consistent product display

Metadata 
Structured metadata definitions and 

examples to consistently carry product 
information through the retail pipeline

Asset Creation Guidelines
For tools and product designers to 

create assets with consistent data to be 
used through the 3D Commerce pipeline

First Goals
Helping evolve glTF to meet the 

needs of 3D Commerce
- Next generation PBR
- Advanced metadata

Industry cooperation to 
urgently develop guidelines and 

tools to address priority 
problem areas



I hope you have found this update interesting and useful! If any of these 
Khronos standards are relevant to your business – any company is welcome 
to join Khronos to have a voice and a vote in their evolution. Annual 
memberships start at 3,500 US dollars for smaller companies – and if that 
is too much – you can apply to join one the Advisory Panels that provide 
requirements and specification feedback to the working groups 
themselves. I have provided some links here to more information – and if 
you have any questions or we can assist in any way – please do not hesitate 
to reach out to me here or on email or Twitter.  Thank you!
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How To Get Involved!
• Any company or organization is welcome to join Khronos!
- For a voice and a vote in any of these standards – membership starts at $3,500

• OR request an invite to Vulkan, OpenXR and 3D Commerce Advisory Panels/Forums
- No fee, under Khronos NDA  - and IP Framework for draft specification feedback

• We welcome your feedback
- Khronos Forums: https://forums.khronos.org/
- Khronos Slack Channels: https://khronosdevs.slack.com/messages
- Khronos open source GitHub repositories: https://github.khronos.org/

• Contact Neil Trevett
- ntrevett@nvidia.com | @neilt3d | www.khronos.org


