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Timeline of XR Headsets

https://mpiresolutions.com/the-evolution-of-virtual-reality/

Ivan Sutherland

AVP



Popular XR Headsets Today



Oculus Headset Series - Rift

Tethered to a PC



Oculus Headset Series - Rift

Integrated constellation tracking: IR LEDs 
under fabric shell



Oculus Headset Series – Quest1

Standalone – No need of PC



Oculus Headset Series – Quest2

Nothing changed significantly



Oculus Headset Series – Quest3

Passthrough
Mixed Reality Headset



Meta Glasses

• Hardware: Snapdragon AR1 
Gen 1 platform
• Live Streaming
• AI Voice Assistant
• Snap pics, record video, listen to 

music, etc

https://www.youtube.com/watch?v=gvpybQpB46k&t=1s

https://www.youtube.com/watch?v=gvpybQpB46k&t=1s


Magic Leap & Hololens

Optical see-through, eye tracking

No controllers, hand tracking



Apple Vision Pro

Two processors:
 M1 – for general purpose
 R1 – for sensing, IMU, cameras 

4K micro-LED panel for each eye

Spatial videos



XReal
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XR Software Tools

• Web Programming
• Standards
• SDKs
• Native Renderers
• 3D Modeling
• Game Engines
• 3D Scanners



XR Web Tools

• WebGL

https://get.webgl.org/

https://get.webgl.org/


XR Web Tools

• Three.js

https://github.com/mrdoob/three.js/

https://github.com/mrdoob/three.js/


XR Web Tools

• A-Frame

https://glitch.com/~aframe

https://glitch.com/~aframe


XR Standards

• WebXR



XR Standards
• OpenXR (https://www.khronos.org/openxr/)

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


XR SDKs

• Open3D

https://www.open3d.org/docs/release/tutorial/geometry/mesh.html

Open3D is an open-source 
library that supports rapid 
development of software 
that deals with 3D data. 
The Open3D frontend 
exposes a set of carefully 
selected data structures 
and algorithms in both C++ 
and Python. The backend is 
highly optimized and is set 
up for parallelization.

https://www.open3d.org/docs/release/tutorial/geometry/mesh.html


XR SDKs

• ARKit – Mobile (Apple)
• ARKit combines device motion tracking, world tracking, 

scene understanding, and display conveniences to 
simplify building an AR experience.



XR SDKs

• ARCore – Mobile (Android) 

ARCore is Google’s augmented reality SDK 
offering cross-platform APIs to build new 
immersive experiences on Android, iOS, 
Unity, and Web.



XR SDKs

• Oculus & MRTK



XR Native Renderers

• OpenGL
• OpenGL is a cross-language, cross-platform application 

programming interface for rendering 2D and 3D vector 
graphics. The API is typically used to interact with a GPU, 
to achieve hardware-accelerated rendering.



XR Native Renderers

• DirectX
• Microsoft’s graphics API

https://learn.microsoft.com/en-us/windows/win32/directx



XR Native Renderers

• Vulkan
• Vulkan is a low-level low-overhead, cross-platform API 

and open standard for 3D graphics and computing. It 
was originally developed as Mantle by AMD, but was 
later given to Khronos Group. It was intended to address 
the shortcomings of OpenGL, and allow developers 
more control over the GPU.

Vulkan is preferred over OpenGL nowadays



XR 3D Modeling

• Blender
• Blender is a free and open-source 3D computer graphics 

software tool set used for creating animated films, visual 
effects, art, 3D-printed models, motion graphics, 
interactive 3D applications, virtual reality, and, formerly, 
video games.

https://youtu.be/f-mx-Jfx9lA?t=236

https://youtu.be/f-mx-Jfx9lA?t=236


XR 3D Modeling

• Maya
• Better modeling features compared to Blender
• Mainly for enterprises – not free, not open



XR Gaming Engines

• Unity & Unreal
• Unity was originally 

an Apple game 
engine but slowly 
spread to many 
platforms
• Both provide game 

developers with a 
2D and 3D platform 
to create video 
games.



XR 3D Scanners

• Matterport (https://matterport.com)

https://jamesandharrisoncourt.com/virtual-tours

https://matterport.com/
https://jamesandharrisoncourt.com/virtual-tours/


XR 3D Scanners

• Scaniverse (https://scaniverse.com) - Mobile

• a 3D scanning app that supports all recent iPhones 
and iPads, including those without LiDAR. 
Scaniverse uses photogrammetry to accurately 
reconstruct objects, rooms, and even whole 
buildings and outdoor environments.

https://scaniverse.com/


XR 3D Scanners

• RealityCapture – photogrammetry + manual editing
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XR Internals

• Perception
• Motion to Photon Latency
• Positioning and Tracking
• 3D Reconstruction
• Real-time Rendering



XR Perception

• Visual
• Color
• Quality/spatial resolution
• Depth resolution
• Temporal resolution
• Field of view

• Non-visual
• Sense of touch
• Audio
• Balance
• Smell



Positioning and Tracking

• You need to know where you are in the world
• GPS?
• Visual
• Inertial
• Lidar
• RF

• 3-DoF 
• 6-DoF

X, Y, Z & Yaw, Pitch, Roll



Positioning and Tracking

• Anchors
• Anchors ensure that objects appear to stay at the same 

position and orientation in space, helping you maintain 
the illusion of virtual objects placed in the real world.

• Plane
• Wall
• Floor
• Face…
• Anything that you can identify well



Motion to Photon Latency

Motion Photon



3D Reconstruction



Real-time Rendering



Real-time Rendering
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Next up: XR Sensors and Sensing Algorithms

XR


